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Policy work in the water sector has grown tremendously over the past two
decades, following the Rio Declaration of 1992. The existing volume of water-
related literature is becoming dominant in professional outlets, including books and
journals. Because the field of water resources is interdisciplinary in nature, covering
physical, economic, institutional, legal, environmental, social and political aspects,
this diversification leads in many cases to partial treatment of the water issues, or
incomplete analysis of the various issues at stake. Therefore, treating a whole host
of a country’s water resources issues in one set of pages will be a significant
contribution to scholars, students, and other interested public. This book series is
expected to address both the current practice of fragmented treatment of water
policy analyses, and the need to have water policy being communicated to all
interested parties in an integrated manner but in a non-technical language. The
purpose of this book series is to make existing knowledge and experience in water
policy accessible to a wider audience that has a strong stake and interest in water
resources. The series will consist of books that address issues in water policy in
specific countries, covering both the generic and specific issues within a common
and pre-designed framework.



Mahmood Ahmad
Editor

Water Policy in Pakistan

Issues and Options

@ Springer



Editor

Mahmood Ahmad

Centre for Water Informatics and Technology (WIT)
Lahore University of Management Sciences (LUMS)
Lahore, Pakistan

ISSN 2211-0631 ISSN 2211-0658  (electronic)
Global Issues in Water Policy
ISBN 978-3-031-36130-2 ISBN 978-3-031-36131-9  (eBook)

https://doi.org/10.1007/978-3-031-36131-9

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Switzerland AG 2023

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Paper in this product is recyclable.


https://doi.org/10.1007/978-3-031-36131-9

Other than my family, who stuck with me
during two years of manuscript preparations,
my dedication goes out to two prominent
names in the water sector. The first happens
to be my late father, Dr. Mushtaq Ahmad,
Director of the Irrigation Research Institute
and bestowed with a Sitara-e-Khidmat (the
Star of Service—an award marking the
services to those in need) from the
government of Pakistan and a number of
gold medals from the Engineering Congress.
In fact, he did believe in me as a member of
the water family; perhaps with his prayers, 1
can carry forward the light he showed. 1
dedicate this book to the late Shahid Ahmad,
who was a distinguished expert, a
contributing author to this book, and who
provided the needed support and direction to
turn this book into a reality. I wish he was
with us to share the outcome.



Foreword

This book sets itself an ambitious agenda. On the one hand, it seeks to be an ency-
clopedic review of the complex and complicated constellation of water policy chal-
lenges facing Pakistan. On the other hand, it aspires to identify alternative approaches
and agendas on how to re-conceive the water policy landscape of Pakistan. The
ambition is bold, maybe even foolhardy, but it is most timely and very welcome.

The authors are to be congratulated for compiling a much-needed compendium
of key water policy issues in Pakistan, but even more for helping their reader come
to the realization that we need to not only rethink the confent of water policy in
Pakistan, but the very essence of what we mean by water policy in Pakistan. It is not
simply the emergence of new and pressing challenges such as climate change but
the accumulated evidence of decades of ineffective policy interventions that should
alert us to the necessity of reimagining just what sort of a ‘resource’ water is. The
same realization was brought home, in tragically dramatic fashion, during the 2022
floods in Pakistan.

A subtext of many of the chapters in this volume is that water is nowhere — and
certainly not in Pakistan — simply a sectoral economic input in sectors such as agri-
culture or energy. As much as it is an economic resource, quite separately from
being that, it is also very much a political resource, a social resource, a cultural
resource, and, certainly in the Indus Basin, a civilizational resource.

For this reader, at least, the lesson is that in a society as defined by its water pro-
file as Pakistan is, water policy is just too important to be constrained and compart-
mentalized into the suffocating confines of traditional ‘water institutions.” Water
policy will — as it always has, and as it should — seep into other areas of policy;
possibly into all other areas of policy. That is the nature of water. And that need not
be a bad thing at all.

In fact, if this book’s prescription of moving beyond the obsession with supply-
side water policy, of contextualizing water as a ‘governance’ challenge rather than
just a ‘management’ problem, and of addressing the inevitable surprises that climate
change has begun to bombard us with are ever to be taken seriously, they will
demand a much broader institutional palette for policy than is currently available.
This discussion — on how to reconceive water policy in Pakistan — that many
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viii Foreword

chapters in this volume provide insights into, needs to be continued beyond this
present work, especially by a new generation of water policy scholars in Pakistan.
Indeed, the 2022 floods in Pakistan may become the seminal tragedy that forces this
change. It would be pity compounded if it does not.

Such a transformation is all the more important because of the way climate
change is already impacting countries like Pakistan in what I have been calling “The
Age of Adaptation.” While all now realize the importance of climate change in water
policy, too many are still stuck in a rather narrow conceptualization centered around
‘what climate change might do to the water sector.” Important as this is, it misses the
essence of what living in ‘The Age of Adaptation’ will inevitably look like in
Pakistan: water becomes the frontline face of climate impacts in Pakistan. In glacial
melt, in floods, in droughts, in sea-level rise, in ecological destruction, in extreme
heat events, in potable water stress, and much more, climate change is being and
will continue to be felt in Pakistan primarily through the medium of water. The 2022
floods in Pakistan have also alerted us to the importance of ‘climate justice’ in a
water context and, possibly, that ‘water justice’ is the other side of the coin we are
calling ‘climate justice.” All evidence suggests that climate change is not only
changing the water profile of the country, but will change — may already be chang-
ing — what we mean by water policy in Pakistan.

Clearly, now is the time for ambitious and bold thinking. One is thankful that
chapters in this book begin investing in such a conversation and one hopes that it
will inspire many others to build on this and add more.

Dean Emeritus and Professor of Earth and Environment Adil Najam
The Frederick S. Pardee School of Global Studies

Boston University

Boston, MA, USA

October 2022, Boston



Preface

This book sets out to address the pressing challenges in Pakistan’s water sector —
both old and new. The old challenges — a perception of growing water scarcity and
the continuous search for supply-side solutions in the water sector and water gover-
nance — are well-documented. The new challenges include climate change impacts
that can be observed in the form of too little water (droughts) or too much water
(floods) along with much more.

Written under this backdrop, this book tries to formulate Pakistan’s water policy
for the twenty-first century. In our view, this requires a major shift from the classic
paradigm currently employed in water resource management (supply enhancement,
command-and-control water allocation) to an adaptive approach — that is, based on
demand management and economic incentives. Each chapter follows a balanced
approach in seeking and evaluating alternate solutions to water management issues,
especially improvements in water governance and tackling new challenges emerg-
ing from climate change in both the short and long term. We have placed a strong
emphasis on moving from a culture of pilot projects to one that prioritizes actual
implementation on an impact-oriented scale in order to have a sustainable future.
We also highlight that most solutions to water challenges are not just limited to the
water sector — they also lie in the domains of agriculture, population, economy, etc.
Post-COVID-19 policies are exploring solutions within the new food, water, and
health nexus, which calls for nature-based solutions to ensure food and water secu-
rity and sustainable development. Pioneering work that is underway in Pakistan has
been documented to show how new policies can reduce water use in agriculture and
save enough water for other competing purposes without the need to invest in
expensive water technology and infrastructure.

This book is timely and aims to change old mindsets and create a policy space
for new and innovative ideas that address the country’s water woes. The main goal
for this book, therefore, is to present readers with a coherent and up-to-date analysis
regarding major water policy issues in Pakistan, written by distinguished technical
specialists in the field, bringing together ongoing policy debates in all their dimen-
sions and perspectives with a greater focus on implementation. It should be noted
that Pakistan is an archetypal case for readers both nationally and internationally,
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since the management of the Indus Basin Irrigation System (IBIS), the world’s larg-
est irrigation system, means that a plethora of technical and policy lessons can be
documented.

The main theme of the book is centered on a transformative process. This process
underpins the need to change the narrative, which will change the outcomes, as the
political economy of water continues to dominate policy discourse, as discussed in
Chapters 1 and 2. In the next chapters, an agenda for transformation is proposed.
Chapters 3, 4, 5, and 6 present a detailed accounting and auditing of water resources
in Pakistan with the conclusion that our supply is finite but demand is open-ended —
leading to a growing consensus that business as usual is not an option. Furthermore,
deteriorating water quality affects both supply and demand. Chapters 8, 9, 10, 11,
12, 13, and 14 make a case for moving from supply to demand management; from
emphasis on canal and surface irrigation to groundwater management or an inte-
grated approach; from high-cost projects to low-cost nature-based solutions in both
agriculture and water; from low-value to high-value crops; and from management to
governance. We recommend that this proposed transformative framework be orga-
nized as a major policy shift to promote demand management, even in an era where
policies continue to push supply-side development — as reflected in the building of
large dams and also how adding water storage has become such a highly politicized
activity that it leaves almost no room for considering several other viable options. It
was also important to focus a chapter on the “food, water, and energy nexus” to look
at sectors from an interconnected lens to make the transformative process a “win-
win-win strategy.” Not using the nexus approach often results in sub-optimal invest-
ments. For example, the present global wheat crisis, caused by regional conflicts
(the ongoing Ukraine war), reminds us of the need to delink food production and
pricing from the international price of fossil fuel, which is seriously affecting the
food security of both developing and developed countries.

The last chapter of the book elaborates on the cross-cutting role of knowledge
capacity in Pakistan’s water resources, a theme that can be found in all previous
chapters of this book. As in the Circle of Justice, most of the policy issues facing
Pakistan’s water sector can only be addressed by developing the ability of all actors
and stakeholders to adopt holistic thinking and bridge critical knowledge gaps.
These twin aspects of knowledge and capacity, holism and strategic innovation, and
the need to balance them in ethical ways are addressed in this chapter through the
rich metaphor of irrigated garden traditions and associated knowledge capacity in
Pakistan. Most importantly, some policy implications of this approach are
articulated.

This book provides an insight into the country’s current narrative on water and
also identifies and addresses its gaps for possible future developments. Every chap-
ter has the mutual goal of initiating a different conversation on water policy in
Pakistan.

Lahore, Pakistan Mahmood Ahmad
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Part I
Setting the Stage

Pakistan’s economy is a ‘water economy’, with 60% of the population directly
engaged in the agricultural sector, which uses approximately 95% of surface water
and almost all fresh groundwater. And this agricultural sector is source of 80% of
foreign exchange earnings

The question is, who benefits? We know that 39.2% of the total population of
Pakistan lives below the national poverty line — 88 million people. They survive
largely outside the domain of water subsidies, projects, and programs. Another new
challenge is the direct impact of climate change on water. The shifting of seasons,
natural regions, ecosystems, and agro-ecological zones are the new emerging reali-
ties affecting Pakistan’s water regime. These challenges are often swept aside in the
obsession with irrigation-based agriculture and more infrastructure development.

A transformative framework for water in Pakistan must look at the intersection
of water, agriculture, poverty, access, and use, while taking into account the devas-
tating impacts of climate change on water. Many economic outcomes are closely
linked to social outcomes, given strong connections between the water regime, agri-
cultural economies, and social trends. These include rural to urban migration,
human health and well-being, water-related conflict, environmental degradation,
severe threats to freshwater ecosystems, loss of biodiversity, increasing pollution,
and the loss of productive areas because of waterlogging and salinity. Without
strong local government, it is becoming increasingly difficult to reach the poorest
zones and the poorest people.

Pakistan requires a fundamental shift in its political, economic, and social rela-
tionship to water. At the national level, investment decisions seem relatively fixed
on building large dams to rid Pakistan of its increasing water and electricity stress,
with the aim of constructing 10 large dams over the next 10 years. However, a dif-
ferent kind of policy discourse is also emerging, one that calls for the conjunctive
use of surface and groundwater, which would, for instance, aid the downstream
province of Sindh by offering a way out of the relatively intractable positions of the
federating units — with continuing mistrust because of the claims and counter-claims
flying in all directions. Second, there is growing agreement that a lopsided focus on
supply side interventions has resulted in fewer net gains compared to demand
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management options that would have cost much less. Most of these agricultural
interventions require a major policy shift, but would result in net benefits.

Despite a significant amount of irrigated land, Pakistan has not been able to build
on its agricultural endowment in at least two significant ways with the result that
current export earnings are suppressed but also does not build on the endowment it
has to lift more of its population out of low economic value agriculture as a source
of livelihood. In the short to medium term, serious efforts at national poverty alle-
viation will demand no less than working on both fronts with dual policy objectives
in mind (i) ensuring that those employed in agriculture have the chance to obtain
decent livelihoods; (ii) ensuring that the agricultural base of the economy can be
harnessed to create both enough economic surplus such that there are requisite other
industries for people to move to when they are forced or transition out of relying on
agriculture as their primary source of livelihoods. The current equilibrium between
these policy objectives and competing forces is significantly misbalanced. For
instance, during 1970-2014, econometric analyses of the link between the country’s
agricultural exports and GDP growth show that agricultural exports have a negligi-
ble impact on overall economic growth. This is because of the un-competitiveness
(higher prices combined with lower quality) of the country’s agricultural commodi-
ties vis-a-vis competitors’ exports. What this means is that far too many resources
(both in the form of subsidies to keep agricultural commodity markets operable as
well as in the number of people who are kept absorbed in economically low-value
agriculture) are locked and unable to be tapped for the purposes of personal as well
as national economic development.

Pakistan should, therefore, have a long-term view of its water requirements for
all segments of its people, and define a roadmap in a climate-challenged world.
Pakistan’s Vision 2025 states the goals of increasing water storage capacity, improv-
ing efficiency in agriculture by 20% and ensuring clean drinking water to all
Pakistanis. It speaks of water security that includes technologies to minimize wast-
age, more effective allocations, establishment of institutional mechanisms and a
minimum quantum of water to every person in Pakistan.

Maintaining and enhancing the integrity of the Indus Basin is a serious and
important responsibility of the Federation as well as the provinces, including all
other administrative units. This means concentrating on the repairs and replace-
ment, and not build new infrastructure with a leaky downstream. The funds invested
in this way would save almost 50% losses of water in the system — much more than
the ‘new’ water that is supposed to be ‘produced’ by new dams.

Decades of stalling over a national water policy, low levels of debate and discus-
sion, the politicization of water discourse and the low priority afforded to water
issues in the government and in the country as a whole, means that the hard deci-
sions about water have not been taken in a timely manner. Science, technology and
policy need to merge for action. This requires political will, trained person power
and financial resources. The government must provide clear leadership and take
responsibility. However, the new water policy provides a good platform to trans-
form idea into actions through policy reforms both in water and agriculture at the
provincial levels.
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Pakistan needs a different conversation around water and different ways of devel-
oping the water transformative narrative that will lead to clearly laid out actions that
are required in the twenty-first century. Pakistan water woes and solutions largely
lie outside the sector domain (population growth and agriculture policies to name a
few). The way we think about water influences how we define the challenges and
the solutions that are put forward. This transformative narrative needs to rest on
global trends and be anchored in the ground realities of Pakistan in each province.
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Chapter 1
Pakistan’s Water: Changing the Narrative,
Changing the Outcomes

Simi Kamal

Abstract Water is Pakistan’s lifeline and has had a profound influence on the civi-
lizational development in the region. The river Indus (also known as the river
Sindhu) affects the psyche of people living in Pakistan to mythic proportions. In the
same way, a huge part of the glaciers of the Third Pole lies in Pakistan and are held
almost with reverence by people who live on the roof of the world. This new century
has brought new challenges including the direct impact of climate change on
water—the unexpected and intense changes in water regimes and water cycles,
shifting of seasons, distortion of natural regions, and loss of ecosystems. Yet in
Pakistan these crucial conversations are swept aside in the obsession with irrigation-
based agriculture and more infrastructure development. Pakistan’s water policy of
2018 is a long wish list and does not contain a coherent contextual narrative within
which this wish list can be understood. This chapter outlines priority actions and
responsibilities largely missing from the water discourse: water conservation at all
levels from homes to the agricultural sector as a whole, new water subjects to train
and engage young people, water services to rural areas to stem rural-urban migra-
tion, urban water management, new water technologies, building the capabilities of
people and institutions to manage the effects of global climate change on water
supplies, moving to smaller and more manageable water infrastructure, building the
physical health of rivers, lakes, groundwater, springs, and glaciers.
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6 S. Kamal
1.1 Water—Pakistan’s Lifeline

Water is Pakistan’s lifeline and has had a profound influence on the civilizational
development in the region. The river Indus (also known as the river Sindhu) affects
the psyche of people living in Pakistan to mythic proportions. In the same way, a
huge part of the glaciers of the Third Pole lie in Pakistan and are held almost with
reverence by people who have lived on the roof of the world for centuries.

1.1.1 Old and New Challenges

The geographic and hydrological changes in the Himalayan region and the changes
in the water cycle associated with the monsoons are projected to have catastrophic
effects on Pakistan’s water regime and its water balance in the coming years.
Pakistan’s rain-fed, coastal, metropolitan, and drought-prone areas each have their
own huge water challenges. Groundwater continues to be overused and mined and
how it interacts with surface water is still not much understood.

A new challenge this century is the direct impact of climate change on water.
There are new emerging realities as the water regime of Pakistan is affected—the
shifting of seasons, natural regions, ecosystems, and agro-ecological zones. These
old and new challenges are often swept aside in the obsession with irrigation-based
agriculture and more infrastructure development.

In the absence of meaningful debate on the full range of water challenges and
solutions, there is disproportionate emphasis on water politics, water governance,
water entitlement, and allocations. Constitutionally, water is largely a provincial
matter in Pakistan. However, relevant policies, institutions, and legal provisions
have been distributed across the national and provincial levels. These policies often
overlap with each other. The legal framework for each province includes its own
laws and regulations overlain by relevant national provisions. This plethora of
water-related ministries, institutions, and organizations means little action on the
ground, creating unrest among the federating units, within provinces, between
canal-side and tail-end farmers, and between cities and rural areas.

Therefore, Pakistan needs a different conversation around water and different
ways of developing the water transformative narrative that will lead to the clearly
laid out actions that are required in the twenty-first century. How we think about
water influences how we define the challenges and the solutions that emerge. This
transformative narrative needs to rest on global trends but be firmly anchored in the
ground realities of Pakistan.

Given that the current water policy is a long wish list, this chapter outlines prior-
ity actions and responsibilities. The areas missing from the current narrative on
water are covered in particular: water conservation at all levels from homes to the
agricultural sector as a whole, new water subjects to train and engage young people,
water services to rural areas to stem rural-urban migration, new water technologies
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and their appropriate use, building the capabilities of people and institutions to man-
age the effects of global climate change on water supplies, moving to smaller and
more manageable water infrastructure, building the physical health of rivers, lakes,
groundwater, springs, and glaciers.

1.1.2 The Global Scenario and How It Affects Pakistan

Humanity is currently using nature 1.75 times faster than our planet’s ecosystems
can regenerate. The costs of this global ecological overspending are stupendous and
affect the nine billion people who have to live within the limits of the planet. The
last century was about unbridled growth and putting carbon into the atmosphere,
resulting in the climate emergency we are facing today. Climate change directly
impacts the water cycle and we have observed increased incidents of massive
storms, floods, droughts, and sea rise across different climatic zones. In Pakistan we
are seeing extreme heat, late monsoons, erratic rainfall, changed snowmelt regimes,
earlier harvest seasons, and both floods and droughts.

The OECD Environmental Outlook for 2050 has projected that global demand
for water will increase by 55%, while the demand for energy will increase by 80%
(OECD, 2012). In addition, FAO (FAO, 2014) estimates a 60% increase in food
demand over the same period.

Globally, agriculture accounts for 70% of total global freshwater withdrawals,
making it the largest user of water. In Pakistan, however, it is 97%, according to
Pakistan’s Water and Power Development Authority (WAPDA) figures over the last
two decades. Water is used for agricultural production, forestry, and fishery along
the entire agri-food supply chain, and to produce or transport energy in different
forms (FAO, 2014). At the same time, the food production and supply chain con-
sumes about 30% of total energy used globally(Conforti, 2011). Energy is required
to produce, transport, and distribute food as well as to extract, pump, lift, collect,
transport, and treat water. Cities, industry, and other users, too, claim increasingly
more water, energy, and land resources.

Population growth, economic development and climate change are all accelerat-
ing competition for food, water and energy. While Pakistan does not have a street
population in cities as seen in Calcutta or Dhaka, we do have high levels of malnu-
trition and child stunting. Pakistan’s Demographic Health Survey indicated that
38% of all children under five are stunted (NIPS & ICF, 2019).

Young people across the world have risen up in protest and defiance, calling for
the developed world to halt its extraction and use of fossil fuels and give reparations
to the rest of the world for the way it has poisoned the earth, the atmosphere, and
water bodies.

In the wake of these movements, we are now discussing what no one would have
dared just a few years before. The Guardian recently listed ‘the 20 fossil fuel com-
panies whose relentless exploitation of the world’s oil, gas and coal reserves is
directly linked to more than one-third of all greenhouse gas emissions in the modern
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era,” the oil company ARAMCO topping the list (Taylor & Watts, 2019). The capi-
talist model claims that earning huge profits is good, as it then makes funds avail-
able for charity. But Forbes magazine has reported recently that the 120-plus richest
individuals in the world spend only 3.76% of their net worth on charity. So this is
clearly not how the funds to combat the effects of climate change on water will be
generated. The developing world is rightly calling for commitments from developed
countries (and presumably from these 120-plus captains of industry) to contribute to
a Loss and Damage Fund to alleviate the impacts of climate change and to safeguard
water resources in the countries most affected by climate change.

Case Study 1: Glasgow Loss and Damage Facility

‘A proposal to establish the “Glasgow Loss and Damage Facility” as a stand-
alone facility under the financial mechanism of the convention was developed
by the Association of Small Island States (AOSIS) with support from the
Least Developed Countries Group. It was later adopted by the G-77 and
China. The facility would “provide support to avert, minimize and address
loss and damage... and to undertake work in 2022 with the aim of providing
recommendations to the next climate conference (COP27) on its
operationalization.”

‘The US, along with Australia, Canada and the EU, strongly resisted the
demand... there were acts of solidarity pledging financial support to affected
communities in poor countries. But a bloc of developed countries scuttled the
idea of the facility and instead insisted on a ‘“dialogue” to be conducted
between 2022 and 2024 to “discuss the arrangements for the funding.” This
language was eventually adopted in the Glasgow Climate Pact.’

Small island states could do nothing. In the interest of reaching a consen-
sus, AOSIS had to accept this ‘dialogue’. The AOSIS statement talked of a
“clear understanding that this dialogue is a key step towards the creation of a
loss and damage finance facility. We firmly believe that the dialogue should
lead to a conclusion that the new loss and damage finance facility will be
adopted at the next COP.”

Source: (Singh, 2021)

The world is spiraling out of control because we refuse to change the way we
think and act. A major shift is needed to throw away the capitalist mantras that have
brought us to the brink of annihilation—*"“greed is good,” “amassing and exercising
power over millions,” “winner takes all.”

It is time to lay these destructive goals to rest and move to a culture of long-term
survival for the human race as a whole—and to free water from class, gender, race,
ethnicity, patriarchy, and the strangulation of capitalism. A new way of thinking is
required for the painful transformation that humanity must go through; and it applies
to the way we view water, use water, and extract water from water bodies. A move
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to ‘de-growth’ models is essential if the human race is to survive this century and
beyond.

Case Study 2: Commission of Small Island States on Climate Change
and International Law

In 2021 the prime ministers of Antigua and Barbuda and Tuvalu, signed an
agreement that would allow developing countries to bring cases against both
developed countries and corporations before international courts.

“The agreement establishes a Commission of Small Island States on
Climate Change and International Law, for the development and implementa-
tion of fair and just global environmental norms and practices.” This commis-
sion can then “request advisory opinions from the International Tribunal for
the Law of the Sea, an independent intergovernmental judicial body, on the
legal responsibility of states for carbon emissions, marine pollution and rising
sea levels.”

Source: (Singh, 2021)

Transformation must happen in Pakistan as well—we must act now to safeguard
our water resources, move to a more equitable distribution of water for all its users,
learn to value water and internalize its significance in economy, society, and culture.

1.1.3 Pakistan’s Water Economy Within a Pattern
of Inequalities

Although Pakistan is a middle-income country, it has the social, human, and gender-
development indicators of the least-developed economies. The distribution of
income is highly unequal. In 2018-2019, the poorest 1% of the population held only
.15% of the national income, while the richest 1% had a 9% share in the national
income (UNDP, 2020). The allocation and utilization in the budget for social sectors
is low. For instance, the health budget was only .4% of the total national budget in
2021-22, despite an increase of 11% in the overall budget (Mirza, 2021). In addi-
tion, there is a toxic power structure fueled by patriarchy, masculinity, and tribal and
feudal norms that purportedly has the final word on every subject—including water.
This means that many water challenges are not even at the table. Women, young
people, landless farmers, city dwellers, people who live in marginal areas and down-
stream communities have no voice. They have few forums to share their concerns
and are largely absent from the water debate, currently waged by ill-informed TV
“anchors” and their largely irrelevant guests, social media “influencers,” and many
water “experts” who are not actually known in the water sector.
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Pakistan is home to nearly 220 million people—a near seven-fold increase since
the formation of the country in 1947. “Over 67% of the population lives in rural
areas and depends—directly or indirectly—on agriculture for their livelihoods. It
contributes around a quarter of the country’s gross domestic product (GDP),
employs 44% of the labor force, and contributes significantly to export earnings”
(Young et al., 2019).

Land and water are the inheritance of Pakistan’s people. Land and water are the
main resources providing people with a source of livelihood, of development, of
dignity and prosperity for all citizens (Hisaar Foundation, 2016). Pakistan has
committed to Agenda 2030 and to Sustainable Development Goals (SDGs) where
Goal 6, among others, calls for ensuring availability and sustainable management of
water and sanitation for all, water use efficiency, and integrated water resources
management.

Pakistan has always been a ‘water economy’. As mentioned in other chapters,
95% of water is being used in agriculture, with 60% of the population directly
engaged in agriculture and livestock and 80% of Pakistan’s exports based on these
sectors. About 95% of surface water (Ministry of Planning, 2014) and almost all
fresh groundwater in Pakistan is currently used in agriculture. But who benefits?
We know that 39.2% of the total population of Pakistan could be living below
the national poverty line—that makes 88 million people (World Bank, 2021).
They are largely out of the domain of water subsidies, projects and programs.

As the Hisaar Foundation has noted, farmers—not landowners—are central to
the agricultural system. They are the very foundation of the water economy (Hisaar
Foundation, 2016). In the same way, the poor health and sanitation conditions of the
urban poor have to be recognized when we discuss the circular economy of water in
urban areas.

Case Study 3: Pakistan’s Water in Numbers

* Only 20% of Pakistan’s people can access safe drinking water. The remain-
ing 80% are forced to use unsafe drinking water because there are not
enough safe water sources.

* 40% of Pakistan’s people die from waterborne diseases.

* One quarter of total Pakistan’s population do not have access to improved
sanitation facilities.

* 95% of Pakistan’s water is used for agriculture.

* Contamination from bacteria, pesticides, and metals (such as arsenic, iron,
cadmium, nickel), and in some cases, nitrates and fluorides, significantly
threaten water quality in Pakistan.

* An estimated 70% of Pakistani households drink water that is bacterially
contaminated.

Sources: WASH: Water, sanitation and hygiene, 2021; Daud et al., 2017;
Kundi, 2017; Rasheed et al., 2021; UNICEF, 2019; Zahid, 2018
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1.2 Transformative Framework

A transformative framework for water in Pakistan must look at the intersection of
water, poverty, access, and use, while also taking into account the devastating
impacts of climate change on water. Many of water’s economic outcomes are closely
linked to social outcomes, given strong connections between the water regime, the
agricultural economy, and social trends. These include rural to urban migration,
human health and well-being, water-related conflict, environmental degradation,
severe threats to freshwater ecosystems, loss of biodiversity, increasing pollution,
and loss of productive areas due to waterlogging and salinity. Pakistan has had sev-
eral years-long eras in which it had to do without local governments (largely coin-
ciding with democratically elected governments), such that it is becoming
increasingly difficult to reach the poorest zones and the poorest people. Unfortunately,
elected governments in Pakistan usually choose to keep spending under the control
of elected members of parliament and either do away with, or continue to delay,
local government elections.

A market economy, however ‘hybrid’ it may be in Pakistan, does not serve the
interests of the poor. Without owning land, the poor in both urban and rural areas of
Pakistan have no direct right to water or water services. As per current water laws,
both in rural and urban areas, one has a right to water when one owns land (or leases
it). All the subsidies and engineering works on canals, for example, raise the value
of the land for the landowners, who become richer.

Pakistan should, therefore, have a long-term view of its water requirements for
all segments of its people (landowners and landless), and define a roadmap in a
climate-challenged world. Pakistan’s Vision 2025 states its goals of increasing
water storage capacity, improving efficiency in agriculture by 20% and ensuring
clean drinking water to all Pakistanis (Ministry of Planning, 2014). It speaks of
water security, which includes technologies to minimize wastage, more effective
allocations, establishment of institutional mechanisms, and a minimum quantum of
water to every person in Pakistan (Ministry of Planning, 2014).

The cost of replacement of the Indus basin system was estimated in 2005 at
approximately US $300 billion (Briscoe & Qamar, 2005). As the Hisaar Foundation
has pointed out, “The Indus basin system is our asset and we must leverage it to
generate local investment from within Pakistan for repair and maintenance of this
infrastructure” (Hisaar Foundation, 2016). While we can continue to build new
infrastructure, it is not necessary that the infrastructure only be big dams. We can
also build a million ponds to hold flood and rain water, and millions of moisture and
rainfall harvesting systems.

In recent decades, water in Pakistan has become part of the security narrative
both inside the country (which makes open discourse on water use quite difficult)
and with neighboring countries, where politics has erected barriers against any
regional solutions which may be feasible. In a transformative framework we
must ‘de-securitize’ the discourse on water, just as the world must move to
‘de-growth’.
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1.2.1 Building Pride in Pakistan’s Hydrology and Geography

Pakistan is an incredibly diverse country with a complex geography and hydrology.
There are distinct physical, climate, and ecological zones that have given rise to the
natural regions we can identify easily. These natural regions have given rise to dis-
tinctive economies and cultures that remain somewhat unique in spite of the sprawl
of cities and demands for more food production.

The most distinctive feature of Pakistan is the mighty River Indus. Therefore, the
first cornerstone for transforming the water sectors in Pakistan is to build pride in
the river Indus, its sources, its watershed, its tributaries, and its delta. The river
Indus should unite Pakistan—its evolution, the historic civilizations it has spawned,
the cultures it has nurtured, the economy it has propelled and the country of Pakistan
it is evolving. This means finding perspectives that include, but are much more than,
economic and physical infrastructure.

A positive narrative around this theme will help place emphasis on all the other
natural regions as well, and move discourse away from constant federal and provin-
cial tensions. Defining water challenges according to these regions will help find the
right and appropriate solutions. This will lower the temperature of inter-provincial
bickering, resolve conflicts within Pakistan, and build some commonalities in South
Asia for positive discourse (Fig. 1.1).

1.2.2 Maintaining the Integrity of the Indus Basin

Pakistan has the largest contiguous irrigation system in the world, and the infra-
structure built on it forms Pakistan’s leading asset. Warsak Dam, the Sindh barrages,
and many weirs were constructed in colonial times to extract as much value through
just a few crops to export to the mother country—England. The breadbasket was
further developed after the Indus Waters Treaty in the 1960s. Mangla Dam was built
in 1967 and Tarbela Dam in 1974, and they were part of the Green Revolution. The
Water Apportionment Accord of 1991 established an agreed-upon formula to divide
the surface waters of the Indus among the four provinces. The Indus River System
Authority (IRSA) was established in 1992 to oversee the division of water in the
kharif and rabi planting seasons (Fig. 1.2).

While the infrastructure and canal system are part of our water heritage, there are
limits to how much more infrastructure we can build on the Indus. We need to
acknowledge and tackle the many problems caused by large-scale irrigation and
monoculture.

For example, salinity is a major concern for irrigation and agriculture: “Pakistan
has lost 3.2 million hectares in the canal command area to water logging and salin-
ity. Thirty-three million tonnes of salt are coming in annually and we are only capa-
ble of discharging 9 million tonnes per year, leading to net accumulation of salt in
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The Indus river basin

Fig. 1.1 Regional map of the River Indus. (Source: Grid-Arendal, released CC BY-NC-SA 2.0)

the system. However, there is still a potential to achieve a favorable salt balance in
the Indus basin through effective drainage management” (Hisaar Foundation, 2016).

Pakistan is experiencing heat waves, floods, droughts, and extreme weather
events more and more frequently—and we are witness to the direct impact of cli-
mate change on water resources and water availability (Table 1.1).

The seepage and field losses in the agricultural sector have remained the same for
decades and the water governors and managers have not been able to tackle this
beyond limited interventions. The agricultural sector is largely tax-free, so there is
little revenue to pay for repairs, maintenance, and replacement.

The understanding of the fast-changing surface-water and groundwater “nexus”
is also a challenge. We need to assess how decades’ worth of seepage from the irri-
gation system has fed the growth of groundwater reserves and whether these now
need to be brought under water-sharing arrangements among the provinces. Most of
the groundwater is in Punjab (over 50 million acre-feet), while that in Sindh is
mostly saline.

The integrity of the Indus Basin is crucial and the joint responsibility of the
Federation, the provinces, and the lower administrative units. This means concen-
trating on the maintenance, repairs, and replacement of what we have, and not
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Fig. 1.2 Irrigation system of Pakistan. (Source: Young et al., 2019. Released under CC-BY-3.0)
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Table 1.1 Water availability in Pakistan. (Source: Rajput, 2015)

Water Availability in Pakistan

Surface Flow 145 Million Acre Feet (MAF)
Rainfall 8 MAF

Groundwater 56 MAF

Surface Flow Variation

Maximum (1959-60) 186.79 MAF

Minimum (2001-02) 95.99 MAF

Seepage Losses

Canals & Branches 15%

Distributaries & Minors 8%

Water Courses 30%

Losses in fields

Losses in field applications ‘ 30%

building new infrastructure. The funds invested in this way would save almost 50%
of the water losses in the system—much more than the “new”” water that is supposed
to be “produced” by new dams.

It also means keeping the rivers flowing as much as possible, given the infra-
structure already in place, respecting the waterways and ensuring there is sufficient
flow for all of them, whether it be the Ravi in Punjab or the downstream part of the
Indus in Sindh.

We need to guarantee a consistent and controlled minimum flow to the sea each
year if we want to protect all parts of the Indus basin—including the delta areas and
the coastline.

Pakistan has already tried large-scale storage and constructed some of the big-
gest dams in the world. The benefits and problems of these dams are well-
documented, as are the effects on the health and flow of the river Indus itself. The
integrity of the Indus basin has to include measures to ensure environmental flows
to the sea. If we take less from the river, more can flow to the delta area to rejuvenate
and bring it back into balance. There are so many more methods to store and use
water in the Indus basin that don’t require the building of more hugely expensive
and ecologically harmful dams. We can turn to smaller storage that can together
hold as much water as a single dam. We can build millions of small, medium, and
large ponds. Indeed, ponds have been an historical, reliable, and economical source
of water in the Indus basin in the past. With the aid of satellite data, Pakistan can
easily identify the best spots for ponds that can store rainwater, spring water, and
flood water, which can then be used to tide over drought times. Development of this
small storage capacity is low-cost and can be directly available to local communi-
ties, reducing their long wait for their share of water from large storage sites that are
far away.

The integrity of the Indus Basin cannot be guaranteed without rejuvenating the
ecology of the region. We must move to a mix of crops that helps the soils to breathe,
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take steps to stop further deterioration from invasive water-guzzling species and
restore the ecological balance of the basin.

1.2.3 Understanding and Regulating Groundwater Use

With over 56 million acre-feet in underground reserves, Pakistan is the third-largest
user of groundwater for irrigation in the world. The province of Punjab has 50 mil-
lion acre-feet of groundwater and uses more than 90% in agriculture. In 2020 there
were 1.2 million private tube wells installed in Pakistan, out of which 85% were in
Punjab, 6.4% in Sindh, 3.8% in Khyber-Pakhtunkhwa, and 4.8% are in Baluchistan
(Qureshi, 2020).

In Punjab, more than three million farmers have access to tube wells and one in
four farming families owns a tube well (Qureshi, 2020). Approximately 76% of the
cultivated area in Punjab relies on groundwater in some way to meet its irrigation
needs. And water-intensive crops such as wheat, rice, and sugarcane—which
together use 80% of abstracted groundwater—rely on this abundant supply of
groundwater (Qureshi, 2020).

Farmers’ free access to groundwater has helped them increase yields and diver-
sify crops, and enabled them to grow water intensive crops (which also include non-
native fruits along with the above-mentioned rice and sugarcane) (Qureshi, 2020).
However, these benefits have come with a considerable environmental cost: “The
unregulated groundwater exploitation has resulted in an excessive lowering of
groundwater levels in someirrigated areas of Punjab and Baluchistan” (Qureshi, 2020).

We have long extolled the conjunctive use of surface and ground water in irriga-
tion, but there has sprouted what can only be called the “circular debt of water” in
Punjab, where most of the groundwater is—water leaks out in copious amounts
from the ill-maintained surface irrigation system; it becomes groundwater; high
amounts of expensive energy (mostly diesel and, in a very few cases, electricity) is
used to abstract this water to bring it back to the surface and put it back into the on-
farm surface water channels. Adding more dams for surface irrigation in this sce-
nario will technically mean more seepage, more groundwater, and higher energy
requirements to abstract it.

1.2.4 Recognizing the Barani (Rainfed), Watershed, Desert
and Coastal Areas Outside the Indus Basin

There is a tendency in Pakistan to treat the irrigated areas as the favored child and
bypass the areas outside the Indus basin. Building the physical health of non-
perennial rivers, lakes, groundwater, springs, ponds and glaciers is ever more critical.

“The water sources, basins, catchments, groundwater and coastlines of Pakistan
have to be secured and safeguarded from degradation, over-exploitation and
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destruction so they continue to be available for multiple and sustained uses and
remain the backbone of Pakistan’s economy and social well-being” (Hisaar
Foundation, 2016). The arid districts of Eastern Sindh, Southern KPK, Eastern
Baluchistan, and Southern Punjab are especially vulnerable.

1.2.5 Rationalizing the Value of Water

While the price of water reflects only the amount it takes to treat it and transport it,
its actual value includes social, psychological, cultural and economic consider-
ations. For one thing, lowering the price of water (or subsidizing it) is necessary if
the human right to water is going to be met. In addition, water is also necessary in
both industry and agriculture, should be properly priced as such, just as electricity
and gas are (Hisaar Foundation, 2016).

Drinking water, domestic water, and sanitation are social entitlements of each
Pakistani and each one must receive a fixed amount in this context. Per capita water
entitlement should be fixed and used for calculating and supplying water for domes-
tic use to rural areas, cities and towns. This means that everyone will get free water
up to an established entitlement. Over and above that, people would have to pay. It
also means that when any person moves to another part of the country, he or she
takes his or her water entitlement with them. This is one innovative way of solving
water supply problems when huge numbers of people are moving to cities; the water
entitlements in these migrants should be supplied to the respective city or province
as part of their water supply share (Hisaar Foundation, 2016).

Most importantly, access and right to water for agricultural or other activities
will have been separated from ownership of land. Therefore, a comprehensive set of
water laws that define water rights, uses, value, conservation, and principles of pric-
ing, subsidies, licenses, and polluter penalties are needed.

1.2.6 Financing and Protecting the Water Value Chain

Pakistan needs to protect its water value chain so that water can be used efficiently
and benefits can be shared equitably. In order to institutionalize that sharing of bene-
fits, better links need to be established between agriculture, pastoral outputs, and
industry. This needs to be done in a way that allows younger farmers to continue farm-
ing the land while also giving them an amenable lifestyle (Hisaar Foundation, 2016).

This requires improving both productive and allocative efficiency all along water
value chains. This can be done by changing the cropping pattern or creating or
developing potential value chains based on the productivity of each zone. Such a
policy would incentivize commercial banks to finance the initiative. Not only will
this boost economic opportunities for farmers and support rural businesses, it would
also be beneficial for the banks that lend to them.
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1.2.7 Building a National Investment Base for Water

A transformative narrative calls for less reliance on international donors and more
focus on building a national investment base where Pakistani banks, financial insti-
tutions and investors are the investors and “owners” of the water value chain, from
hydropower to agriculture to infrastructure (Hisaar Foundation).

In 2017 a consortium of Pakistani Banks, led by HBL, became the first to invest
in building a dam—the Dasu Dam—a run-of-the-river hydropower project. This
was the first time that funds were raised from local banks to support the financing of
hydropower projects (Duddu, 2019).

Pakistan’s financial sector can and should become an integral part of financing
water infrastructure and the water value chain. For example, Pakistan can raise
“water bonds” and other similar instruments.

Pakistan has also tried another ‘first’ in the world of water—the creation of a
“Dam Fund” (see Case Study 4) created by the Chief Justice of Pakistan, later
redubbed the Prime Minister’s Dam Fund and finally carrying both titles. While the
use of this fund is not clear, the ads for donation remain as banners outside many
banks and continue to appear on ATM machines. This Dam Fund is an example of
what not to do to raise funds for water infrastructure!

Case Study 4: Pakistan’s Dam Fund—Where Is It?

In 2018, a bank account for the ‘Diamer-Bhasha and Mohmand Dam
Fund—2018” was opened on the order of Chief Justice Saqib Nisaar to raise
funds from the public constructing two dams to deal with Pakistan’s water
crisis. He personally deposited one million Pakistani rupees ($8120) to initi-
ate the drive. This was followed by donations from some other judges, armed
forces officials, bureaucrats, media houses, and other public and private
organizations.

However, this option was not well-received by analysts, economists, and
water experts who thought it “unviable.” One of the major criticisms was that
such big projects cannot be completed by raising funds in this way and a more
innovative solution was required. The estimated cost of the project was $12.6
billion in 2006, and now rounds up to approximately $16 billion.

Currently, questions have arisen about how the dam funds have been used.
As per the claims of the Minister of Water Resources, the entirety of the dam
fund was not spent on the construction of the Diamer Bhasha and Mohmand
Dam. According to media reports, the dam fund was invested on treasury
bills. It is clearly stated on the official fundraising webpage that investments
in market treasury bills were made by the National Bank of Pakistan. More
than 12 billion were raised, but the account currently stands at 799,358. This
information must be made transparent to the general public by the concerned
authorities.

Source: (News Desk, 2021); (Khan, 2021); (Latif, 2018); (Azeem, 2018)
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1.2.8 Zoning to Improve Water and Crop Productivity

Crop zoning is practiced in many countries as a policy instrument to regulate crop-
ping patterns. A study estimating the comparative advantage of each crop or crop
rotation of a region is long overdue. This will help develop investment portfolios for
newly created agriculture ecological zones. The last extensive policy in estimating
the comparative advantage of growing crops in each farming system, work sup-
ported by the World Bank way back in 1993. Policy instruments such as water pric-
ing can also be used to discourage the farming of water intensive crops such as rice
and sugarcane (see Chap. 11 on demand management). Such an analysis would also
enhance both land and water productivity.

In short, we need to focus on growing crops that need less water, reduce the pro-
duction of water intensive crops, and get those who are growing water intensive
crops to pay more for water. Essentially, water must be treated as a production cost.
Once this happens, both the market and cropping patterns will naturally adjust
(Hisaar Foundation, 2016).

1.2.9 Instituting Circular Economy of Water in Urban Areas

“Water recycling, wastewater management, water treatment, water conservation,
greening, water harvesting from rain and atmosphere and innovation” have become
realities in many cities and towns across the world (Hisaar Foundation, 2016). In so
far that there are some water treatment facilities in Pakistan, they are haphazard,
unregulated and inequitable.

The circular economy of water is a relatively new concept but encapsulates what
needs to be done to manage urban water in Pakistan. The premise of the circular
economy of water is that “there is enough water to meet growing needs, but the
statistics and projections highlight that it will not be achievable without dramati-
cally changing the way water is used, managed and shared. System level change,
including the use of new water enterprise models, will be necessary to maximize the
extraction of value from water cycles at all scales (river basin, city, industrial unit,
building), increase effectiveness in the use of water resources and prevent further
degradation of the environment” (CEO Water Mandate, 2019).

“Adopting a circular economy approach, based on the three principles of circular
economy, presents a tremendous opportunity for businesses, governments and cities
to minimize structural waste and thus realize greater value from industry and agri-
culture while regenerating the environment” (CEO Water Mandate, 2019).

This is the way that management of urban water needs to move, so the ever-rising
demands can be met from within the water allocations of cities.

“Application of circular economy principles will require mapping the interac-
tions of the water cycle, how it is used, and where within the river basin and urban
water cycles value can be extracted and new enterprises established” (CEO Water
Mandate, 2019).
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Case Study 5: Karachi’s Water Woes

The city of Karachi, Pakistan’s industrial and financial centre, has approxi-
mately 16.1 million people and is home to almost 60% of industries. In fact,
it contributes 12—15% to Pakistan’s GDP.

Located on the coast of the Arabian Sea in the south of Pakistan, Karachi’s
water supply depends on both surface water and groundwater sources. Surface
water sources include Lake Haleji (Plate 1), Lake Keenjhar (Plate 2) and Hub
Dam (Plate 3), while the groundwater sources include the Dumlottee wells.
However, these wells only supply 1.4 million gallon per day (MGD) of water
after the rainy season and are dry the rest of the year.

* The Karachi Water and Sewerage Board (KWSB) supplies approximately
665 MGD to Karachi. Since demand is about 820 to 1200 MGD, there is a
shortfall of 155 to 535 MGD.

* Approximately 210 MGD of the supplied water is unfiltered.

» The city’s water supply system is at least 40 to 45 years old. An estimated
35% (232 MGD) of the water is lost en route, so the actual amount of water
available is not 665 MGD, but rather 433.

* There is no metering for retail customers and only 25% of commercial and
industrial customers have a metered supply. Hence water consumption
data for these sectors is not available.

* Almost 60% of homes are connected to the water supply network and
water availability ranges from two hours after every two days to two to four
hours every day.

 In order to fulfil the demand gap, there are both regulated and unregulated
water hydrants throughout the city. After the shutting down of 948 unregu-
lated water hydrants since 2009, six regulated and metered hydrants supply
water to the city. Despite this, the issue of unregulated hydrants needs
attention.

e K-IV project phase-I, designed to supply an additional 260 MGD of water,
was to be completed by 2018, yet only 20% of the work has been com-
pleted till date.

* Most surface and drinking water sources (88%) have lead levels that are
higher than the World Health Organization’s (WHO) recommended value.
A study in 18 towns of Karachi showed high levels of lead in blood in 89%
of the samples.

» Pakistan Council of Research in Water Resources (PCRWR) reports that
86% of water sources are contaminated with Coliform and are considered
unsafe to drink.

* According to an estimate, less than 60% of people have access to sewerage
facilities and almost 40% of the city’s population lives in slums with lim-
ited water supply and poor sanitary infrastructure.

(continued)
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Case Study 5 (continued)

o Karachi’s sewerage system consists of 5670 kilometers of sewers, six
major pumping stations, 32 minor pumping stations, and 250,000
manholes.

* Atotal of 475 MGD of sewage is generated in Karachi. Out of this, approx-
imately 54 MGD is treated at Sewage Treatment Plant-I Site and Sewage
Treatment Plant-III, Mauripur, while a third treatment plant remains
non-functional.

e Over 12,000 industries of 65 different types exist in Karachi, including
tanneries, foundries, metal processors, manufacturers of plastic, rubber,
glass, ceramics, tiles, cement, textiles, pharmaceuticals, soap, fish process-
ing units, producers of fertilizers, pesticides, and other chemicals.

* A Combined Effluent Treatment Plant has been installed at Korangi
Industrial Area, originally designed to treat wastewater from tanneries in
the area and domestic sewage from KWSB Pumping Station-II. However,
it does not run at full capacity and also receives waste from 280 or so other
factories, affecting its performance.

* 420 MGD of untreated sewage (municipal and industrial) is disposed of
into the Lyari and Malir rivers, ultimately ending up in the Arabian Sea.
This is causing coastal pollution and environmental degradation

* Due to changing climatic conditions, torrential rains are becoming more
common resulting in urban flooding. Lack of planning, ineffective drains,
and wastewater channels further aggravates the situation. There is a dire
need to include storm water in the overall water management plan for
Karachi.

Sources: (WWE, 2019); Pakistan Bureau of Statistics, 2021; KWSB, 2021

The water entitlement of each urban area needs to be determined and supplied by
provincial governments from their share of water. Municipal governments will have
to manage this water under equitable systems and control of wastage, charging as
per entitlement and use.

1.2.10 Water Conservation

Pakistan has embarked on ambitious tree planting and recharging campaigns, but
the correct focus on water as the key to managing threats to life, and the recognition
of water conservation as a multi-faceted set of actions, is yet to be adopted by the
government.

Since agriculture, is the major water consumer, saving water use in this sector is
the starting point. Cities use only 3% of all of Pakistan’s water, and while water
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conservation is required for all of Pakistan, so far there has been little effort to tackle
the larger land owners who are entitled to the bulk of agricultural water because of
their large landholdings.

A full chapter on agriculture and water highlights three main initiatives at the
global and local levels that promote water saving in agriculture. The equation is
simple: if we save even 5—-10% of the water used in agriculture, there can be enough
water to meet other demands from other sectors. Furthermore, Pakistan has large
untapped amounts of rainfall that can be harnessed through conservation farming
and supplementary irrigation (Kay, 2011). Supplementary irrigation is often referred
to as adding limited amounts of water to rainfed crops to improve and sustain crop
yields by providing optimal soil moisture. The practice is widely used in dry land
agriculture in the Middle East and North Africa. In promoting climate-smart agri-
culture, one of the prime technologies is to set up water storage at the farm or com-
munity level to enhance wheat yields in rainfed areas.

Traditional water harvesting systems such as ponds, the tonka system, Rod Kohi
agriculture and Karez systems need to be preserved as part of the solution. They are
invaluable in conserving water in dry lands and harsh ecologies.

In our view, sustainable crop intensification is key to the transformative process
of conservation agriculture. This has recently been more supported by a new theme
called “Grow and Save” which looks at both technical and economic aspects in
addressing the above problems and developing climate smart and resilient agricul-
ture. “Climate Smart Agriculture (CSA)” is also gaining momentum, centered on
three pillars which are productivity, adaptation, and mitigation. On the global stage,
Regenerative Agriculture (RA), a farming method that allows food to naturally
regrow on its own, is getting a huge following.

Case Study 6: Rainwater Harvesting in Thar
Tharparkar, in the southeastern province of Sindh, is frequently subject to
droughts. While overall it has an arid climate, annual rainfall can fluctuate
widely, with some places getting less than 100 mm of rain per year. In addi-
tion, it ranks lowest in Sindh on the Human Development Index. Ponds are a
part of the hydrological landscape of the Thar region and are suited to the
climate of Pakistan. These ponds are built on multiple levels—the village
level, the community level and the individual level. The village and commu-
nity level ponds are surface ponds whereas the individual ponds’, or “fonkas”,
are built as underground tanks. In a good rainy season, once the ponds are
filled, they can provide water to the villages for up to 6 months or more in the
dry season. Water collected in these ponds are used for both drinking and
domestic purposes.

The underground tanks are a centuries-old method, while ponds on the
surface in a cascading relationship is something more recent: the largest pond
can usually hold up to a million litres of water, while the medium pond can

(continued)
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Case Study 6 (continued)

hold up to 40,000 litres. When drought begins, the water from the big pond is
used first by surrounding communities. Then the medium ponds (usually
inside single villages) are used, and when that is gone, then the individual
underground tonkas are opened.

Source: (Hisaar Foundation, 2016)

There is very little work on coastal erosion, massive marine pollution and the
dumping of dangerous materials along Pakistan’s coastline.

A widespread media campaign is needed to cover all these critical areas. By
sharing information and knowledge related to water, the public becomes more
informed, and more aware of their own responsibility in protecting this vital
resource. In addition, a public campaign can simultaneously build consensus while
reducing polarization.

1.3 Entitlements Based on All Available Water

“In order to improve sharing of water resources and sharing the benefits of water
resources, all the water sources available to a province must be taken into account.
This will improve trust and transparency, and will also be fairer” (Hisaar Foundation,
2016). This is a very radical idea which the bigger province will likely oppose and
the others endorse. But this discussion must happen.

In addition, all provinces must cooperate to determine exactly how much water
is available from all sources (surface water, groundwater, and precipitation)
and list all the ways in which it is used in each province and then allocate water
shares accordingly. Moreover, this process will have to happen not just at the pro-
vincial level, but also at the district level and even at the village level (Hisaar
Foundation, 2016).

Case Study 7: Punjab’s Available Groundwater

The four provinces of Pakistan reached an agreement regarding the distribu-
tion of water of the IBIS in the shape of the Water Apportionment Accord
(WAA) in 1991. The two important features of this accord are: (1) it protects
the existing uses of canal water in every province and; (2) allocates the bal-
ance of river supplies, including flood surpluses and additional supplies from
the future storages between the provinces. However, it does not mention
groundwater in the provinces. At the time it was signed, groundwater might
not have been given that much importance. However, in recent decades, it has
become the centre of debate due to rapid increase in its use.

(continued)
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Case Study 7 (continued)

To deal with the shortage of surface water availability, the exploitation of
groundwater resources is happening. Due to limited understanding of ground-
water dynamics on a provincial level, an effective groundwater management
policy in Pakistan is absent. The use of groundwater varies in each of the
provinces. Sindh has minimal groundwater exploitation because of its poor
quality. In Khyber Pakhtunkhwa and Baluchistan, there are high costs because
of greater depths and aquifer characteristics. Punjab has groundwater at shal-
low depths with relatively good quality, resulting in its widespread use. It has
50 million acre-feet of groundwater and accounts for 90% of total groundwa-
ter pumping in Pakistan. The number of installed tube wells gives an estimate
of groundwater use in agriculture, but it does not sufficiently address domes-
tic and industrial usage. Since these two sectors generally have high usage, an
uncertainty exists in measuring groundwater extraction in major cities such
as Lahore.

The excessive use of groundwater by farmers has environmental costs. The
groundwater levels in irrigated areas of Punjab have decreased because of
unregulated groundwater exploitation. From 2008 to 2018, there was a 35%
decrease in areas with a groundwater table between 0—150 cm, while there
was a 15% increase in the number of areas that have a depth less than 600 cm.
It is estimated that groundwater table depth is below 600 cm in half of the
total cultivated area in Punjab. The small pumps are less efficient at depths
below 500 cm, so many farmers have installed higher-capacity pumps. Due to
the increase in groundwater use over the years and issues related to the supply-
based canal system, an integrated management of water resources is needed
in Punjab.

Sources: (Lytton et al., 2021); (Qureshi, 2020); (Khan et al., 2017);
(IUCN, 2010)

1.4 Building a Base for Science, Technology, and the Social
Aspects of Water

Much of the literature on water in the past two decades has been more about “elite
capture,” “allocation of water” (which is about the tussle for water among the big
landowners), “water governance,” “poor management,” and “capacity building.”
There is little primary research on key questions: how much water is in the system
now, and how much will there be in 10 or 20 years? How many acres are water-
logged now? How many are saline? What is the rate of sedimentation in the irriga-
tion system and in our dams? How much groundwater is there? How much of it
comes from seepage? What are the main pollutants and can they be extracted? What

are the parameters of the different qualities of water needed for different uses?
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‘Linkages are essential between science, research and practice, and between the
sociology and psychology of water use and water behavior to bring water studies
into the modern era and prepare the water professionals of the future’ (Hisaar
Foundation, 2016).!

Young women and men need to be trained in emerging water technologies, man-
agement skills and knowledge base, to manage water in Pakistan in all its manifesta-
tions: the hydrology and geography, the engineering and sociology of water working
together, the psychology and behavioral sciences around water use, the conserva-
tion and stewardship of water bodies, new methods and models, managing the
effects of climate change on water availability, and making water knowledge acces-
sible to all.

The link of academia with government, the business sector, and civil society
needs to reflect the principle that water is everyone’s business, with each group
playing its rightful role. Cutting-edge specialized water research from primary
sources is essential, as is re-packaging academic research, science, and knowledge
of water for the general public, media, and water user groups. All citizens need to
understand what they have to do to conserve and better use water, so that we can
continue to use our water resources as best as possible and avoid the catastrophe that
awaits us. But the neo-liberal emphasis on individual action and Malthusian ideas
has to be pushed back to allow for the larger sweeping actions that government and
water institutions must do—water pricing, taxing the rich, making polluters pay,
tackling big industries and big agricultural tycoons.

The bottom line is that we all have to learn to live with less water, and advances
in water science and technology will tell us how this can be done. We need research,
teaching, training and dissemination to each sector of society as needed—whether
it be recycling methods, micro-irrigation, changing the crop mix in different water
regimes, water laws, or reworking the right per capita allowance in times of water
stress and water scarcity.

Case Study 8: One Foot in Academia and One in Practice—Panjwani-
Hisaar Water Institute

The Panjwani-Hisaar Water Institute (PHWI), at NED University in Karachi,
is a collaborative effort by NED University, the Panjwani Charitable
Foundation (PCF), and the Hisaar Foundation (HF). PHWI is designed to play
a pivotal role in new ways of thinking about water, developing theory and
practice, doing applied research, and undertaking scientific investigations. It
aims to stimulate and inculcate innovative water education, research and
training that is interdisciplinary and multidisciplinary in nature and integrates
the currently isolated nodes of engineering, water sciences, and the economic
and social sciences in Pakistan’s water sector, and which recognizes all the

(continued)

' Adopted from the concept paper of the Panjwani Hisaar Water Institute (PHWI), 2018.
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Case Study 8 (continued)

linkages between water users, water uses, and different stakeholder groups to
promote informed policy and actions at all levels.

The multidisciplinary approach to water education, research, and training
at PHWI integrates ‘information, data, techniques, tools, perspectives, con-
cepts and theories from many disciplines to advance fundamental understand-
ing of the complexities of water challenges and their solutions’ (Hisaar
Foundation, 2016). It brings together the engineering stream, which includes
hydrology, hydraulics and infrastructure; the water science stream, which
includes hydrology, geography, geology, and environmental sciences; the
macro and micro economics stream; and the social sciences stream which
includes sociology, social work, politics, and community-based approaches.
The link between ways of thinking, psychology, and behavior in patriarchal
society as it affects water use, water rights, and water entitlements, is also
being explored at PHWL.

PHWTI is designed for research and academic programs offering MPhil and
PhD degrees, credit hours for undergraduate degrees, and short diploma
courses and certificate courses designed specifically for industry, agriculture,
and the built environment. The Institute has five laboratories which are being
equipped with the latest water technologies.

* Water Ecology & Remediation

* Coastal & Riverine Hydraulics

» Water Psychology & Behavioral Sciences

» Total Water Quality (a range of water testing facilities)
e Water Data Analytics and Water Modelling

1.5 Inducting Talented Young Women into the Water Sector

Pakistan’s water sector sensibilities about women'’s leadership and involvement are
archaic. Fetching, carrying and managing domestic water, community-based sanita-
tion work and water-related hygiene continue to be seen as the “women’s domain,”
while national discussions, debates, decisions, infrastructure and initiatives on
water are still seen as “men’s domain.”

“Women remain largely invisible in the water institutions of the country, water-
related ministries and department, water NGOs and water businesses. They are seen
mostly as ‘affectees’ of the water crises and climate change and therefore, are
bracketed as part of the problem” (Kamal, 2018).



1 Pakistan’s Water: Changing the Narrative, Changing the Outcomes 27

Women account for 48.76% of the population of the country, but they are referred
to only once in the Govt of Pakistan’s Water Policy of 2018, and that in the context
of stakeholder participation in section 18.3 where “women population will be pro-
moted in domestic water supply and water hygiene.” (GoP Ministry of Water
Resources, 2018). This absence of women from Pakistan’s guiding policy document
on water, reflects the prevalent attitudes of a patriarchal society in general and the
very masculine water institutions in particular.

“By several estimates, women provide at least half the agricultural workforce,
even if not remunerated or accurately counted. Women in Pakistan are not only
careful users of water but also the custodians of water knowledge and practice. They
carry the heavy burden of walking several kilometers a day in many parts of rural
Pakistan to fetch water for household and livestock use, and continue to face many
gender-based discriminatory practices which often determine their access to, and
their participation in water-related narratives when it comes to claiming entitle-
ments to water. Pakistan law does not directly address ‘water rights,” and land own-
ership is usually a proxy for access to or entitlement to water. Because women in
Pakistan own land in a far smaller proportion than their numbers, their ‘water right’
is also limited” (Kamal, 2018).

While women’s role as domestic water managers is extolled and the hazards they
face in the context of walking long distances to fetch water barely acknowledged,
women have been quietly becoming water visionaries, academics, scientists, and
researchers. They are now recognized in this context. But the doors of decision-
making bodies on water and the premier water institutions of the country remain
largely closed to them. Those that have broken the glass ceiling face biases and
challenges that discourage them and prevent their upward movement.

Pakistan needs a plan to systematically bring in young women into the water sec-
tor, as there have been successful actions to induct women in the IT sector and in
entrepreneurship development.

1.6 Demonstration of Leadership by the Government

Decades of stalling over a national water policy, low levels of debate and discussion,
the politicization of water discourse and the low priority afforded to water issues in
the government and in the country as a whole, means that the hard decisions about
water have not been taken in a timely manner. While there is a plethora of water
related government departments and institutions, the locus of authority is not clear.
This has given rise to a situation where the recent Recharge Pakistan program and
the very big Living Indus program spearheaded by UN agencies has gone to the
Climate Change Ministry rather than the Ministry of Water or one of the other water
institutions.
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Case Study 9: The Plethora of Water Agencies of Pakistan: Who Is
Actually in Charge of Pakistan’s Water?

e Ministry of Water and Power (MoWP)

e Indus River System Authority (IRSA)

e Water and Power Development Authority (WAPDA)

e Federal Flood Commission (FFC)

* Pakistan Meteorological Department (PMD)

* Provincial Irrigation Departments (PIDs)

* Provincial Irrigation and Drainage Authorities (PIDAs)

* Provincial Agriculture Departments (PADs)

e Area Water Boards (AWBs)

e Farmer Organizations (FOs) and Water User Associations (WUAS)
e Pakistan Council of Research in Water Resources (PCRWR)

e Pakistan Council of Scientific and Industrial Research (PCSIR)

e Federal Flood Commission (FFC)

e Pakistan Commissioner for Indus Waters (PCIW)

* Provincial disaster management authority (PDMA)

» Pakistan Space and Upper Atmosphere Research Commission (SUPARCO)
e Water and sanitation agency (WASA)

*  World Meteorological Organization (WMO)

e National Disaster Management Authority (NDMA)

e National Disaster Management Authority

e The Punjab Agricultural Marketing Regulatory Authority (PAMRA)
* Sindh Coastal Development Authority

e Karachi Water and Sewerage Board (KWSB)

» Balochistan Water and Sanitation Authority Act

Source: (WWE, 2012)

Interestingly, while Pakistan’s Water Policy was rather unheeded by the public
without an implementation framework and the Dam Fund was still open, Pakistan’s
Judicial Academy and its Chief Justice sought answers to Pakistan’s water problems
by organizing an international symposium. Its declaration is wide ranging but far
more focused than the National Water Policy document (LJCP, 2018).

In conclusion, the government of Pakistan must allow its various levels to be
assisted by experts, academics and professionals in water, climate change, environ-
ment, and food sectors. The world is already paying dearly for ignoring what scien-
tists and thinkers have been saying for the past 50 years about climate breakdown,
and Pakistan is no exception. The government of Pakistan must assign top priority
to water and related sectors, and the federal government must provide clear leader-
ship to take the difficult decisions needed today. These difficult decisions include
protecting the integrity of the Indus basin and all other basins (rather than continue
to promote and build more and more expensive infrastructure), defining water
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entitlements of all Pakistanis (not just land owners), moving from irrigation-based
monoculture to building on the local agricultural heritage and promoting local solu-
tions of water supply and management.

While irrigation water distribution, drinking water and sanitation have been in
the ambit of provincial governments, the federal Ministry of Water and federal gov-
ernment as a whole must exercise an overall benevolent authority focusing on con-
servation and safeguarding. This does not mean commandeering the infrastructure
development budget and dictating what provinces must do, but building consensus
and agreed actions. Platforms and forum exist already where such consensus, how-
ever painful, can be evolved.

Provincial governments have to exercise the same restraint in their jurisdictions,
so that the transfer of subsidies, benefits and power relating to water can be steered
away from entrenched landowning interest groups and generalized to the public.
This can only happen when suitably empowered and resourced local governments
begin functioning in the districts of Pakistan. The local arena is where the nexus of
water-climate-environment-food can be seen to be operational and where good poli-
cies and programming can actually make a difference.
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Chapter 2 )
The Political Economy of Water ST

Erum Sattar

Water is the petroleum for the next century.

—Goldman Sachs Global Investment Report, 2008

Abstract The political economy of Pakistan’s water is a complex interplay of
interests that in the modern era, beginning in the nineteenth century, emerged from
within the context of colonialism. The foundation of the irrigated economy that was
laid during British rule privileged particular norms of water control that, to large
extents, persist and shape current policies. Given the rising and changing demands
on the uses of water that have naturally arisen through the passage of time, coupled
with a rapidly changing climate, prevailing water policy and allocation are hard-
pressed to meet evolving societal, environmental, and economic goals. Particular
and longstanding challenges arise from the political economy of interprovincial
water-sharing and are further compounded by the changing geopolitics of transna-
tional infrastructure finance within the prevailing narrative that privileges increasing
supply over reducing or managing demand. Within and across sectors, a host of
challenges arise from the failure to value water for its proper and integrated environ-
mental, social, economic, and political uses. Meanwhile, the growing role of the
private sector, in areas such as commercial groundwater extraction for drinking
water as well as in beverage and industrial production more broadly that signifi-
cantly impair water quality and the environment, remains a largely under-governed
space. Since the British era, agriculture remains the foundation of the economy and
with rising demands from a growing population, food and commodity security for
both crops and dairy and livestock production within the context of global food
production and trade flows have become ever more complex. These forces are play-
ing out within the context of global climate change and evolving norms of water
storage that take into account methane emissions from large dams as part of inter-
national climate pledges, further compounding Pakistan’s overall water, food and
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energy security goals. An improved understanding of local contexts as they interact
with global trends will need to be developed to improve Pakistan’s political econ-
omy of water.

Keywords Valuing water - Food security - Water allocations - Climate change -
Private sector - Irrigation

2.1 Introduction

2.1.1 A Broad Overview of Pakistan’s Political Economy
of Water

This chapter aims to focus on a host of complex and interconnected political econ-
omy factors that together impact the overall water economy and water governance
in Pakistan. Some key areas include factors that will be familiar to readers of work
on the political economy of managing water as a resource in other basins and con-
texts (Dinar & Tsur, 2021). These include but are not limited to issues of the preser-
vation of the status quo, in the context of present-day Pakistan, stretching back to
the British colonial era in the nineteenth century through its implementation of a
system of land and water-use rights allocation that continues to have a lasting pull
on the continuation of the status quo while also indicating the forces of policy pull
(e.g. adding more water storage/supply) towards the privileging of certain specific
types of the country’s policy pathways. Any change in direction must account for
the fact that—both individually as well as collectively—when groups work together
because of aligned interests as opposed to overarching societal interests, within the
context of climate change and a dramatically and rapidly altering resource scenario
both in the present and the future, the decisions being made today are entirely ratio-
nal. However, taken together and with a longer-term view, I suggest that at a mini-
mum they fail to protect societal interests, much less advance them in virtuous ways
that would signal and create their own self-propelling pathways. From an efficiency
perspective—a concept dear to planners across a swathe of disciplinary domains—
the current system of water rights and governance leaves much to be desired. The
question of interest to us then is, how, in the context of an ever-stressed resource
base, can it persist? As we will discuss through a broad detailing of the challenges
to remaking Pakistan’s troubled relationship with the political economy of its water
resources, the hurdles emerge from a set of interconnected facets that make any
change in one domain necessarily dependent on another, and so on and so forth in a
complex web of connectivity which leaves planners with the conundrum of identi-
fying the precise points within the overall political economy of water to begin a
program of long-delayed and much-needed reforms.

It is hoped that with this broad identification of a complex set of interconnected
factors that—instead of valuing water close to its real economic, social, cultural,
environmental, and political values —.commonly underprice or misprice water in the
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fuller senses of value (Alam, 2018), that we will advance the conversation. The
hope is that we move beyond how meetings with Pakistan’s water planners tend to
end: with the identification of the problems and hurdles to any reform effort all
attributed to “a lack of political will.”

Water, when used and managed properly, can be a critical driver of Pakistan’s
economic growth. But, as the resource has been and continues to be managed, water
is a significant retardant to Pakistan’s economic as well as environmental sustain-
ability and stability. While there are several interconnected reasons for why water is
not yet the driver of growth and ecological thriving that it could be if understood and
managed properly, we must start with identifying that the misunderstanding starts
with the prevailing mental mind map that understands Pakistan as a water-short
country. It is not. Pakistan instead is a water-rich country that has abundant annually
renewable freshwater supplies (Young, 2017). Saying this fact aloud is important
for several reasons. One is that the country must move beyond the hyper-prevailing
discourse and mindset of shortage that guides present policy into making sub-
optimal policy choices. Acknowledging this fact needs to be the starting point of
any discussion on the country’s water resources and changing this perception is an
important first step. Instead of a water-short country, Pakistan is a water-rich coun-
try with a significant quantity as well as many sources of water. Even when assessed
on a per capita basis, with the country’s growing population representing a chal-
lenge to planners, Pakistan’s daily per capita water use remains downright profli-
gate, especially when compared to dozens of countries with lower per capita water
use (Water Use Statistics—Worldometer, 2022) Interestingly, a host of countries
manage to be both more responsible per capita users of water while being much
richer and more developed. As may be expected, these countries include Luxembourg
and the United Kingdom, but even Sri Lanka, India, and Bangladesh in the broader
South Asian region fall in this category, indicating that it is not water availability per
se that is the restricting limitation to a country’s overall levels of well-being and
economic development.

2.1.1.1 The Politics of Narrative: Reducing Demand vs.
Increasing Supply

Pakistan requires a fundamental shift in its political, economic, and social relation-
ship to water. While the discourse at the national level that drives investment deci-
sions seems relatively fixed on the importance of large dams to rid Pakistan of its
increasing water and electricity stress, with a goal to make 10 large dams over the
next 10 years (Zaman, 2020; White, 2021), a different kind of policy discourse is
also emerging. This calls for the desirable conjunctive use of surface and groundwa-
ter to aid, for instance, the downstream province of Sindh in finding a way out of the
relatively intractable positions of the federating units that continue to breed mistrust
with flying claims and counter-claims in both upstream and downstream directions
(Mustafa et al., 2017). The goals of a more virtuous path are multiple: first, it would
increase yields by reducing waterlogging as during the drought of 1999-2002
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(waterlogging also contributes to surface salinity through plant capillary action);
secondly, it would provide significant potential groundwater recharge—up to 80%
is lost through non-beneficial evaporation. The current system of non-conjunctive
use disincentivizes farmers to manage water more efficiently as well as more sus-
tainably (van Steenbergen et al., 2015).

2.1.1.2 Valuing Water

Understanding that all human civilization is centrally situated in and emerges from
its management of water is an increasingly influential argument (Boccaletti, 2021;
Narisetti, 2021). The idea that collectively society must come together to attach the
right value to water in a way that affects investments in water has been a growing
trend (McClain, 2013). Importantly, these investments must link together the neces-
sary water infrastructure that needs to be built and maintained in such a way that it
contributes to long-term social, human, and ecological health.

Pakistan remains, to a significant degree, an agriculture-based economy approxi-
mately two centuries after the British rulers of a then-united India laid the legal,
institutional, and physical foundations of canal irrigation in what became Pakistan’s
share at Partition in 1947.

2.2 Demand Sectors

2.2.1 Irrigation and the Structure of the Economy

With a country with overall 50 million acres under cultivation, of which approxi-
mately 41 million acres are irrigated via canal networks, more concerted focus is
needed to bring together several relevant integrated questions and domains. Namely,
the percentage of the population that is sustained through and employed by the rural
agricultural economy; how much of Pakistan’s food as well as agricultural com-
modity crops are produced through existing water diversions and allocations for
agriculture; and what are some potential metrics that would help us gauge both what
we know and don’t reliably know (and thus need to know) to be able to set verifi-
able goals.

Thus, in Pakistan, it would not be too far from the truth to say that food and agri-
cultural commodity crop production is a function of irrigation, and they thus should
be a key concern of overall water policy. On this front, water policymakers need to
not only know the financing needs of the agricultural economy but also make them
a prime focus in a way that allows them to work together towards integrated goal
setting. Rough estimates indicate that the running finance needs of the agricultural
economy are approximately $1.2 billion annually (or 2 trillion PKR). The rural
economy relies on informal credit markets to access its annual required financing
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needs and herein lies the crucial determinant of rural farm policy in the form of, for
instance, farmers’ crop choices. No government can claim to have an effective farm
policy if it does not have the ability to set policy goals and then affect necessary
action towards their attainment. This means that for the most part, farm policy is
privatized as what farmers plant and their overall crop planning is determined by the
silent diktats of creditors. While the urge to lay blame at their door may be an easy
response—rural providers of credit (the arthis or middlemen) are blamed for a whole
host of social ills such a holding farmers and landless agricultural workers “hos-
tage” through never-ending debt bonds—their real power lies in the fact that while
potentially exploitative, they serve a crucial and beneficial role by turning the
wheels of rural credit markets. It may be time to acknowledge that despite a long-
term policy focus, the government has been unable to incentivize the banking sector
to offer rural credit. Only with this acknowledgement will there be a turn to develop
policy that has a better chance of helping solve the interlinked problems of rural
financing: the lack of formal banking credit, the crucial role of middlemen as the
providers of credit and the need to shift towards more formalized banking credit
provision and more regulated rural credit markets in ways that build knowledge
about rural collateral to unlock needed financing (Nizamani, 2021a). Of course, the
very high interest rates they charge have their own stifling effects on all aspects of
agricultural development, limited not only to giving them an outsized role in the
crops that farmers plant. If the situation is—as the Athenians made clear to the
Melians in Thucidydes’ Melian Dialogue—that the strong do what they can while
the weak do what they must, then in the context of rural Pakistan, the extenders of
credit are akin to the Athenians as the dictators of debilitating terms. The way out of
this impasse may be unlocking new forms of financing to rural credit markets, for
example, by fixing the long-term inability of formal banks to provide agricultural
credit. In particular, the global development of tech in the agricultural credit space
may be the most promising to pursue (Nizamani, 2021b).

Despite its significant endowment of irrigated land, Pakistan has not been able to
build on it in at least two significant ways that together suppress not only current
export earnings but also do not build on it to lift more of its population out of low
economic value agriculture as a source of livelihood. In the short to medium term,
serious efforts at national poverty alleviation will demand no less than working on
both fronts with dual policy objectives in mind: ensuring that those employed in
agriculture have the chance to obtain decent livelihoods while also ensuring that the
agricultural base of the economy can be harnessed to create enough economic sur-
plus such that there are requisite other industries for people to move to when they
are forced or transition out of relying on agriculture as their primary source of liveli-
hoods. The current equilibrium between these policy objectives and competing
forces is significantly disbalanced. Between 1970-2014, for instance, econometric
analyses of the link between the country’s agricultural exports and GDP growth
show that agricultural exports have a negligible impact on overall economic growth.
This is because of the un-competitiveness (higher prices combined with lower qual-
ity) of the country’s agricultural commodities vis-a-vis competitors’ exports
(Mahmood & Munir, 2018). What this means is that far too many resources (both in
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the form of subsidies to keep agricultural commodity markets operable as well as in
the number of people who are kept occupied in economically low-value agriculture)
are locked and unable to be tapped for the purposes of personal as well as national
economic development.

2.2.2 The Political Economy of Food Security

The ongoing pandemic continues to raise significant challenges to nutritional secu-
rity and to the resilience of food systems around the world. Pakistan too, with the
world’s largest contiguous irrigation network, is in the midst of rising inflationary
and import pressures to meet its production gap. As per the Pakistan Bureau of
Statistics (PBS), the food import bill in the first two months of fiscal year 2021-22
has risen by 50% as compared to a year ago, from $0.980 billion to $1.473 billion
(Bokhari, 2021). In addition to increasing the country’s import bill because of the
need to import key items such as wheat, sugar, pulses, and palm oil, the growing
clamor around food inflation and its impact on household budgets cannot be under-
estimated (Trading Economics, 2021). While the Government of Pakistan (GoP)
has responded through an expansion of the social safety net, whether the scale of the
response adequately addresses growing social vulnerability remains questionable.

Of course, there are also small victories that, it is hoped, will in time affect the
overall political economy of water governance and the economic and social devel-
opment to which it gives rise. At the beginning of 2021, the Sindh provincial assem-
bly recognized that women would have the right to be included in the formal
institutions of participatory water governance and irrigation management. This sig-
nificant policy shift recognizing female participation in farm work and attendant
water management has taken nearly two decades to accomplish after legislation
recognizing farmer organizations was first adopted in the province in 2002 as part
of national policy reform. The share of farm labor and management that falls on
women has grown over the last two decades as a share of total farm work (FAO,
2014), especially because of disruptive internal migration of men from rural water-
stressed areas at the tail end of canals to urban areas in search of jobs (Genani,
2021). The water stress suffered by smaller farms in marginalized areas as a result
of larger upstream landowners taking more than their allocated share of water—
what first prompted men to move to urban areas as a way to supplement family
income—now falls squarely on women’s navigational skills.

These results underscore a need to reduce labor-intensive agricultural workload
demands during pregnancy, especially in cotton harvesting, to reduce the risks of
negative maternal energy balance and poor growth outcomes in early infancy
(Pradeilles et al., 2019).

The focus on supply side water provision—the language of addition and of build-
ing big dams as the foremost answer of how to address water stress in Pakistan that
is advanced at official levels is the first challenge to a holistic understanding of what



2 The Political Economy of Water 39

actually causes and perpetuates water stress in the country. Here, we make an effort
to situate the discussion within its broader contexts.

2.2.2.1 Agricultural Participation and Relations

The fundamental shift in agricultural participation that is underway particularly as
it relates to female participation in both uncompensated and compensated labor on
farms is another factor that must be evaluated within the interplay of several other
factors such as efficiency and a shift in the existing status quo of farm work.
Importantly, while women provide a significant share of farm labor particularly in
the care of domestic dairy animals, their lack of access to training in the operation
of machines disadvantages them when it comes to a greater role within the frame-
work of more heavily mechanized labor—a model that is growing in particular in
the rice and wheat cropping belt of Punjab (Mohiuddin et al., 2020). This means that
through the process of greater mechanization, women will lose out in continuing to
be able to claim a share of agricultural labor provision as well as a greater share of
potential earnings and in decision-making related to farm work and farm operations.
If greater consolidation and greater mechanization will further squeeze out wom-
en’s participation in the rural agricultural economy, this shift should be of interest to
policy makers in relation to agriculture’s role in several of the SDGs, particularly in
relation to gender, poverty, and decent work and economic growth.

The underlying exit from farming that is playing out in the country as part of a
livelihoods coping strategy at the nexus of a growing population and the move to
bring ever-more marginal lands under cultivation to cope with higher food and
income demand means that families are continuously engaged in evaluating whether
moving away from farming is a sensible livelihood strategy. Recent data from Sindh
province, Pakistan’s second largest agricultural province, shows that 19% of fami-
lies have completely shifted from farming to off-farm livelihoods, a high exit per-
centage (Ahmad et al., 2020). Given that nearly 60% of the country’s population
remains food insecure, the combined force of people moving away from farming as
both a livelihood as well as a lifestyle must be evaluated and addressed to minimize
the impacts on overall food security. Importantly and more recently, the unfolding
impact of COVID-19 has only made this situation graver with a growing gap
between financial need and available resources (World Food Programme, 2021).
This overall shift from agriculture may have broader food security and policy impli-
cations. Further, from both the perspective of a family as well as a consideration for
policymakers, moving away from farming towards urbanized livelihood strategies
often fails to deliver more security (Imai et al., 2017), raising questions about both
food security as well as broader poverty alleviation strategies and the potential to
meet SDGs targets.

Stakeholder Participation and Influence in Policy Making
To make progress on the range of suggestions offered here it will be important for
policymakers to explicitly make room for an overall atmosphere that engages with
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users in new ways while also creating a regulatory and governance framework that
creates room for meaningful engagement from a broad swath of society, including
users and those broadly affected by water projects. Such efforts will need to go
beyond consultative practices adopted in more limited forms (Global Water
Partnership, 2015). While examples abound in how to meaningfully undertake
stakeholder participation, changing the ethos towards one of listening to users and
those affected from current exclusionary institutional structures will be an uphill
task. One virtuous way forward is to put in place structures that can leverage natural
disasters and changing climate trends to move towards the adoption of more inclu-
sive decision-making (Carr et al., 2014). Given the increasing reliance of the agri-
cultural economy on tapping groundwater resources in Pakistan—currently
providing 50% of irrigation water—the importance of inclusive user participation is
clear for the long-term sustainability both of agricultural livelihoods as well as of
the environment and ecosystems (Baig et al., 2018).

2.2.2.2 Adapting Crops to Water Shortages and Saline Soils

A significant new global study shows that since the 1960s, global agricultural pro-
ductivity has fallen by approximately 21% due to rising temperatures, likely far
outpacing efficiency gains from any other means such as seed development and
water and fertilizer application, etc. (Milman, 2021; Ortiz-Bobea et al., 2021). To
adapt crops to water shortages as a result of changing weather patterns in the overall
context of climate change necessarily proceeds slowly in experimental and incre-
mental steps, as examples of ongoing efforts from agricultural powerhouses such as
California demonstrate (Cart, 2021). In such jurisdictions, farmers and policy mak-
ers are turning to science and technology to help solve several interconnected prob-
lems that affect tree crops such as almonds that have yearlong water requirements.
These crops need more reliable water supplies to justify the costs of large-scale
commercial tree-crop production. Given that fruit and nut trees need more than
20 years to mature, a longer-term outlook and planning is imperative. Further, even
in California, with a $50 billion agriculture market, driving down water use while
keeping yields high can take decades. However, between 19802015, a period of
35 years, farmers reduced water application by 14% while increasing crop produc-
tion by 38%, demonstrating that while change may be hard, it is possible (California
Farm Water Coalition, 2019). Given that decades can be required for plant breeding
and the work of plant geneticists, agricultural experimentation, innovation, and it is
clear that we need to start sooner rather than later. Pakistan needs to prepare for a
less benevolent water future. A good first step would be to significantly expand the
research budgets and capacities of its network of agricultural universities with the
help of important stakeholders, such as the Centre for Agriculture and Bioscience
International (“CABI”), whose old roots and networks on the ground can conduct
research complemented by meaningful extension and outreach services (Asad, 2021).

Importantly, using biochar on crops has been shown to reduce the need for irriga-
tion by 40% (Bryce, 2020), which given the declining availability of irrigation water
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as well as the impact of rising temperatures that reduce the ability of soil to trap
moisture, would be an important policy response for Pakistan to move towards.
Investigating the potential benefits for Pakistan’s different growing zones would
also be helpful, especially within the context of the overlaps from benefits to farm-
ing and the country’s climate change commitments. Because the use of biochar
enhances carbon sequestration, its use would have twin benefits in the overall water,
food, agriculture and climate contexts that are key to inculcating sustainable prac-
tices—and when farmers see the commercial benefits of climate sustainable farm-
ing practices they are more likely to adopt them. As with other policy interventions,
these too should be fostered by a whole-of-government approach working across
federal, provincial, and local levels in tandem. Given that approximately 95% of
freshwater is diverted towards farming in Pakistan, and the risks from dwindling
supplies in an era of glacial melt and a warming climate, Pakistan must pivot to
more sustainable and certainly less financially prohibitive ways that do not require
the building of large hard infrastructure.

2.2.2.3 The Price of Essential Commodities and Their Link to Water
Allocation Policies

Further, through policy innovation and design, the private sector should also be
incentivized to play its attendant and beneficial role in agricultural innovation in the
crop and water value chains through the convening capacity of such institutions as
the Pakistan Agricultural and Research Council (“PARC”) and a whole-of-
government approach (Mirza, 2021). In some countries, for instance, this has been
done by creating a regulatory framework such that private actors can easily locate
the best opportunities available throughout the value chain and intervene where they
deem best and in Pakistan, this process needs to be further incentivized through
PARC’s Agrotech arm. This kind of enabling regulatory and legal framework needs
to be strengthened to further tap companies’ creative and entrepreneurial skills
throughout the agricultural value chain. One advanced model for the country to look
to is that of the Netherlands where the confluence of original research work and the
training of the next generation of scientists at gold-standard institutions such as
Wageningen University has led to land and water poor Netherlands to become the
second largest exporter of crops in the world. This makes it second only to the
United States and ahead of all other countries with far greater land and water
resources and a higher percentage of the population dedicated to farming, such as
Australia, Russia, and China (Viviano, 2017).

In the context of food security, a significant issue is the increasing cost of food
subsidies such as those for wheat release and procurement in federal and provincial
budgets (DAWN Editorial, 2021). The stress this factor places on provincial and
federal budgets and its effect on the government’s rising overall circular debt com-
mitments is clear. The government’s flagship Ehsaas, or Compassion, program
includes a focus on nutritional food security (based on the earlier lauded Benazir
Income Support Program or BISP) for overall poverty alleviation. This program,
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through bulk commodity procurements and their distribution, is a vehicle for tar-
geted food subsidies. While it addresses acute social needs, the longer term task of
water and food security policy must be to lay the foundation of sustainable eco-
nomic growth in a way that enables farmers to grow and for a greater share of the
population to be able to access a nutritious diet. For such an outcome, sustained
work and collaboration across the network of public sector agricultural universities
along with the full cooperation of the private sector through industry networks. For
example, the firms represented in the PFVA—AII Pakistan Fruit and Vegetable
Exporters, Importers and Merchants Association will be critical. The procurement
value chain for key food and commodity crops such as wheat is also beset with inef-
ficiencies that hamper the ability of growers to easily sell their stocks to government
warehouses. This compels them to sell to middlemen, which they can do far more
easily (Haque et al., 2021).

A major aspect of the justification to divert close to 95% of the country’s avail-
able freshwater resources for irrigated agriculture is that this long-standing practice
helps maintain the country’s food security. While this may at first seem plausible,
nevertheless the claim needs to be examined. As the World Bank has found in its
latest study of the country’s water resources, Pakistan diverts approximately 80% of
its water supplies towards the production of four main crops: wheat, cotton, sugar-
cane, and rice (Young et al., 2019). While the importance of wheat in the local diet
is certainly an important element in the overall calculus of water diversion and food
security, it is also the case that a significant proportion of this water is used in non-
food producing crops, namely, cotton and sugarcane. In addition, while rice is a
mainstay of local diets, the bulk of rice produced in the country is exported, making
it a major part of Pakistan’s primary and processed food exports. This exemplifies
the next point of relevance to the political economy of water which is that irrigated
agriculture also undergirds the country’s exports.

While the government claims that the impact of a rise in global food prices has
been relatively checked and have not been passed on to consumers (DAWN, 2021a),
nevertheless, the problems of a rise in food prices that has severe negative impacts
on food security overall have only been exacerbated during the Coronavirus pan-
demic (Khan, 2021; DAWN.COM, 2021). In particular, to ensure that wheat stocks
do not run low in the local market, further pushing up prices, the government had to
import sufficient wheat stocks on an emergency basis given that wheat support
prices were no longer effective. Essentially, as far as the prices of wheat are con-
cerned, this is linked to shifts in global commodity prices and therefore highlights
the fact that far from ungirding staple food production in the form of wheat, local
production contributes a portion of annual wheat requirements. This less-than-
optimal allocation of water to produce 70% of the country’s annual wheat require-
ments means that a serious revision of the reasons for low wheat yields coupled with
the strain that local wheat production puts on available water resources must be
examined for the overlaps between current water allocations and the economic and
other values that water is currently providing to the economy.

A major issue for Pakistan is the country’s increasing reliance on imported food
to guarantee a minimum amount of food security for the growing population
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(Ahmed, 2021). This growing recognition in policy circles that staples such as
wheat and sugar will need to be imported to keep food prices affordable at a time of
growing inflation is compounded by the pressure such essential imports place on an
already rising import bill overall thus, creating pressure on the domestic currency
vis-a-vis the USD. In the realm of food, of course the country also imports other
essentials such as pulses, oils, milk, and tea. Given the place of these items in
domestic diets, it is hard to envisage a scenario in which their imports can be stopped
or slowed in the short- to medium-term, while if there is a policy commitment to
increase their production as much as possible, that such success may only material-
ize in the longer term with serious policy, and only with a commitment of resources.
This difficulty in fact is illustrated by the very rise in production of a range of crops
such as wheat, rice, potato and onion as per official data for the current year—the
increases have not been enough to neutralize the need for food imports that now
stands at over 16% of the country’s total import bill. Thus, there is a fundamental
conundrum of demand rising higher than domestic supply can meet and without
significant additional resource commitment is likely to ensure that for the foresee-
able future at least, water resources and agricultural resources may not be mobilized
at a rate that will displace or indeed significantly reduce the need for food imports.

During the pandemic, while the international price of wheat has risen by 51%,
the domestic price of wheat has only risen by 32%, demonstrating the importance
of wheat to the country’s social stability and overall food intake. While these are
important steps taken as part of the social safety net, nevertheless, the impact on the
country’s balance of payments is significant with the government having to absorb
an additional $500 million in food import bills, taking the total import expenditure
on wheat alone to $1 billion. As may be clear, this is a significant impact both on the
country’s food import bills as well as a major contribution to overall imports.

For the purposes of overall food inflation as experienced by consumers, it is
important to note, of course, that wheat is not the whole story. While important for
overall human welfare, because other food crops have a more limited impact on the
country’s water resources, they will remain outside the purview of this focus on
Pakistan’s political economy of water. Despite this overall exclusion, it is important
to note that while lentils remain a staple part of overall diets, because they are for
the most part imported, they have an impact on the country’s overall food import bill
while having a marginal impact on the country’s water resources. One of the sug-
gestions this present intervention makes is that agricultural policy must address the
factors that impede the greater indigenization of lentil production in the country
(Ullah et al., 2020).

Aside from the prices of food stocks such as wheat, the global price of palm oils
too can have significant impacts on household food budgets given that cooking oils
are an essential ingredient and are, for the most part, imported. This means that
given the reliance on imported food items used in local diets, the country can rethink
its current allocation of water to irrigated agriculture particularly in the crop and
commodity mix that is supported.

In particular, there are ongoing political controversies about both the wheat and
sugar trades that have resulted in official inquiry commissions issuing reports
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implicating the entire agricultural value chain from procurement—resulting in
hoarding for profit—through to processing and point of sale. The serious gover-
nance issues at play include price monitoring, lack of quality, standardization and
weight compliance as well as significant issues of interprovincial coordination that
potentially disadvantage farmers for a host of structural reasons such as lack of stor-
age facilities to take advantage of ideal selling times and the operation of rural credit
markets more generally (Ahmed, 2015).

While Pakistan’s current annual exports range between $22-25 billion (Attarwala,
2021), clearly there is significant potential to achieve growth in agri-based exports
by moving up the processing chain. One of the main challenges to increasing exports
remains the limited inflows of Foreign Direct Investments (FDIs), particularly in
sectors that could then either lead to the development of domestic markets or to the
growth of exports. One reason that has been identified for Pakistan having been
unable to benefit from either FDI inflows or the glut of global savings due to the
ongoing pandemic is the relative underdevelopment of the legal system (Rehan &
Usman, 2021). For a country with an estimated population of 220 million, that even
domestically is a huge market, FDI flows of $2.3 billion in the past four years indi-
cate that investors are staying away. Given the size of the domestic market and of
the country’s irrigated land area, investments in the entire value-chain of agricul-
tural development and processing (both domestic as well as for export) should be
high-priority areas for attracting investments. The bulk of discussions in this area
remain focused on issues such as the lengthy period of time that litigation and dis-
pute settlement take as reasons that deter commercial investors. But the flaws need-
ing redressal in the legal system have been present from the very outset, and manifest
in slow or non-existent law-making. These need to be fixed in ways that are focused
on putting Pakistan’s legal system on the right footing to meet the increasingly com-
plex challenges of the twenty-first century.

2.2.2.4 Dairy Cattle and Water Impacts

Livestock has a whopping 60% share in agricultural production and contributes
approximately 12% of Pakistan’s GDP (Pakistan Economic Survey, 2020). The
equity aspects as they pertain to water use in the domestic and commercial livestock
sector, however, are understudied and raise significant challenges both to how water
is currently managed as well as to any potential adaptation efforts for more equita-
ble water distribution across size of farm holdings. While the total volume of water
used for livestock rearing and maintenance likely remains low as a percentage of
total water used in irrigated agriculture, nevertheless the important thing to note is
that while just over half of all farmers use motorized pumps to access groundwater
for their livestock, nearly 29% of small farmers rely on hand pumps to access water
(Ashfaq et al., 2015). Significantly, the role of women in the livestock sector is rec-
ognized to be an important component of overall efforts for poverty reduction as
their labor is a major contributor to family earnings (Hashmi et al., 2007). This
means that there should be a significant push to expand the concept of rural poverty
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alleviation and its overlap with women’s labor and the economics of water access
more broadly. It is important to recognize that while access to adequate water sup-
plies and sources is an important indicator of a farm’s overall access to financial
resources, small dairy farmers in Pakistan operate within an increasingly challeng-
ing environment in which ‘development’ is synonymous with the forces of com-
mercialization and consolidation as evidenced through the network and operations
of large milk procurement and marketing companies, which instead of alleviating
rural poverty has had a negative impact on the potential survival of small farms
(Sattar, 2021).

Importantly, with approximately 47% of Pakistan’s landmass devoted to agricul-
ture, its role in the provision of rural livelihoods, employing approximately 42% of
the country’s overall population, cannot be underestimated. Rising global and local
temperatures, however, pose a significant threat to rural livelihoods in both agricul-
ture as well as to the threatened pastoral way of life. In particular, approximately
700,000 people migrate internally annually from rural to urban areas as a result of
deteriorating livelihood opportunities while an estimated 1.2 million people have
migrated from the Indus delta putting increasing pressure for all resources on urban
areas (Khan, 2020). When these significant challenges to rural livelihoods and over-
all national and food security are coupled with Pakistan’s strategic pivot to geoeco-
nomics, it becomes ever-more important that the country tackle growing heat stress
as the very fundamentals of a stable climate are what broader geoeconomic and
geostrategic ambitions rest on (Aluko et al., 2021).

It is imperative that Pakistan begin to engage with and build on the work of inter-
national working groups focused on building the knowledge base for digital climate
services and their effective delivery to small and medium-sized farmers to ensure
that the gains from improved knowledge reach them to raise yields as well as
become better custodians of soil and water resources (Ferdinand et al. 2021a, b).

2.3 The Political Economy of Interprovincial Water-Sharing

A major source of discord about water is the transboundary water-sharing arrange-
ment, especially as it continues to structure relations within the federation. For the
purposes of this chapter, we will not touch upon the international transboundary
water-sharing arrangements as they affect relations with neighboring countries
(Kadurugamuwa, 2014) but will highlight the in-country disputes about water-
sharing that affect the levels of overall agricultural as well as economic and social
development. While the history of the contestation between Pakistan’s federating
units predates Partition in 1947, they nevertheless, despite the Interprovincial Water
Accord in 1991 (‘Accord’), continue to affect relations nearly 75 years on after
Partition and 30 years after the Accord in familiar as well as new ways (DAWN,
2021c). While the controversies are ongoing, our focus here is on the fact that in
making interprovincial water-sharing, even three decades after reaching an Accord
to settle provincial water shares, there has been a deeply negative impact on the
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country’s overall agricultural and economic development. To take one example,
there is fundamental disagreement about the proper kinds of water storage infra-
structure—essentially, the debate remains mired between proponents and opponents
of large dams that may reduce downstream flows with some who advocate for
increasing groundwater storage and a little talk about reducing usage and thereby
‘adding’ water through water savings, reuse and recycling. Experts have also made
the case for conjunctive management of surface and groundwater in a way that
could enhance food security as well as lead to more equitable and sustained eco-
nomic development (van Steenbergen et al., 2015). While taken together it is
extremely helpful to have a range of options open to policy-makers, the overall
noise in the system prevents progress towards the most beneficial way forward and
groundwater remains exceptionally poorly understood, akin to an invisible resource
(Ebrahim, 2021).

A key issue causing mistrust in interprovincial water-sharing is that canal water
shares are not managed in an integrated manner (relying on a combination of sur-
face and groundwater supplies) such that they are not balanced or reallocated within
different canal commands both between and within provinces. Early twenty-first
century satellite-driven irrigation performance in the world’s largest system:
Pakistan’s Indus Basin irrigated system (Pefia-Arancibia & Ahmad, 2020).

The interprovincial politics of water-sharing raise significant political economy
considerations (Mustafa et al., 2017). While these primarily raise controversies
between the two major water-sharing provinces, upstream Punjab and downstream
Sindh, water-sharing between other provinces also remains complicated (Cheema
etal., 2007). For instance the greenbelt on Balochistan’s eastern side—the country’s
largest province by land mass—continues to suffer, receiving less than its share of
water from Sindh under the Inter-Provincial Water Accord signed in 1991 (“Water
Accord”) coupled with large landholders within the province who access more than
their allocated shares thus also exacerbating drinking water availability in rural
communities, where smaller landholders also depend on canal water supplies for
their domestic requirements (Notezai, 2021). In the thirtieth year of its adoption, the
politics of the Water Accord remain complex and contentious, without clarity on its
operating rules or its actual allocations to the provinces (Anwar & Bhatti, 2018).
For our present purposes within a political economy framework, this means that
without water, small farmers will be unable to earn their livelihoods from farming
and this unviability is giving rise to significant internal migration pressures (Barrech
& Ainuddin, 2018). It is in this context that the Government of Pakistan’s applica-
tion to UNESCO to recognize the ancient karez irrigation system as having
Outstanding Universal Value (UNESCO World Heritage Centre, 2016) becomes
salient. As has been shown, karez are climate appropriate water sharing technolo-
gies that are embedded within strong social organizational structures such that they
are much more equitable, sustainable, and climate appropriate compared to tube-
wells, especially in areas without adequate recharge where modern immersible
pumps mine aquifers for profit (Mustafa, 2014).
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The Geopolitics of Transnational Infrastructure Finance

China’s massive infrastructure project, the Belt and Road Initiative (‘BRI”) aims to
connect Asia, Africa and Europe by building on the historical legacy of the famed
Silk Road (Chatzky & McBride, 2020). While it was launched in 2013 and will be
built over decades, adding more countries and projects as opportunities become
available, including a potential expansion into Afghanistan as it undergoes a signifi-
cant process of political change (Jun & Daye, 2021), its flagship collaboration
launched in 2015: the China-Pakistan Economic Corridor (“CPEC”) (Sacks, 2021).
The initial focus has been on large infrastructure development such as ports, roads,
energy, and hydropower projects. These projects have been challenging to under-
take and have been subject to significant delays (Hillman & Sacks, 2021). Some of
these are more challenging in terms of their security implications, such as the loss
of lives of staff and engineers working on a major hydropower project, Dasu in
Khyber Pakhtunkhwa (KP) province (Syed & Khan, 2021). The construction of the
Dasu hydropower project is a significant collaboration between Chinese firms and
the Pakistani parastatal Water and Power Development Authority (“WAPDA”) with
significant initial funding from the World Bank (World Bank, 2021). The 4320 MW
project will be undertaken in two phases, with the project adding half its total
expected capacity at the completion of each phase (Haddad, 2019). While construc-
tion on the project’s electro-mechanical works is slated in the first phase, the second
phase will lead to the planned installation of a power station that will add the full
projected generating capacity of the project (Kiani, 2017, 2019).

After the emphasis on large built infrastructure, the plans have also focused on
attracting Chinese investment and significant experience in agro-processing to for-
malize Pakistan’s agricultural commodity exports as well as develop local food and
commodity processing chains. While these projects are still in the discussion and
planning modes, the fact that they are envisaged and may eventually begin to mate-
rialize is nevertheless of concern to the present discussion.

2.3.1 Valuing Groundwater

As in the rest of the world, the challenge of managing groundwater in an integrated
and sustainable way remains critical (Fienen & Arshad, 2016). Given Pakistan’s
significant reliance on groundwater for both domestic consumption, industrial sup-
plies, and irrigation, placing a meaningful value on water—recognizing its social,
environmental, physical, and economic importance— is going to be increasingly
necessary. While Pakistan has a long history going back to the start of the Green
Revolution of trying to address the integrated nature of withdrawing groundwater
for irrigated agriculture and its attendant linkage with increased soil salinity and
waterlogging (Mohammad, 1964; White House, 1964), it must develop new tools to
address the changing nature of emergent challenges (Greene et al., 2016).
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The late Professor John Briscoe called the management of salinity the single big-
gest long-term challenge to the health of the Indus Basin, a grave assessment indeed
(Briscoe & Qamar, 2008). As British colonial irrigation engineers knew, canals
would raise the salinity level of soils in areas of canal construction (Ali, 2014), and
in the intervening century and a half, this has come to pass, particularly in areas in
which groundwater has been further tapped to overcome shortages in surface water
supplies.

Drinking Water Extraction and Sales

The political economy of the growing provision of drinking water by private water
bottlers is another ongoing shift that must be probed for its long-term impacts, par-
ticularly for its broader impacts on public health as well as for affordability con-
cerns. For instance, how is the growing push for understanding water and sanitation
as a human right—which the United Nations recognized in 2010 (International
Decade for Action ‘Water for Life’ 2005-2015. Focus Areas: The human right to
water and sanitation, 2014)—impacted when those who can pay for better drinking
water are able to access it while those who are unable to pay must endure the nega-
tive health impacts that accompany such lack of widespread public provision. An
estimated 20% of the population has access to a safe drinking water source while
the remaining 80% are forced to rely on unsafe water for their drinking water needs.
Even more significantly, unsafe drinking water is responsible for causing 80% of
disease as well as being responsible for 33% of deaths—a grave harm that falls on
the most vulnerable: those who are young and malnourished to begin with (Daud
etal., 2017). For all intents and purposes, the provision of safe drinking water must
become an immediate priority given the harmful effects that flow from the lack of
such provision. Conceptually even more importantly for our focus on the political
economy of water, we must advocate for broadening the scope of water policy to
address such ongoing harm, as not doing so and staying narrowly focused on
increasing irrigation supplies as a matter of high policy means that identified harms
continue to be perpetuated through such neglect and lack of policy focus. Importantly
and relatedly, while it is clearly the case that bottled drinking water companies
(large multinationals as well as national smaller regional firms) fulfil the clean
drinking water needs of a greater share of the population than obtains clean drinking
water from a public source, the discourse about the proper role and environmental
impacts of such firms remains limited. In particular, provincial governments do not
have the requisite mechanisms in place. Water and agriculture are provincial sub-
jects as per Pakistan’s federal constitutional structure and are also impacted by the
passage of the 18th Amendment in 2010 (Pasha, 2011). However, significant chal-
lenges to actual devolution to the provincial governments remain even after the long
passage of time, given the lack of fiscal transfers to provinces and the perpetuation
and continued existence of parallel structures at the federal level in overlapping
domains (Research, 2020).

Water Quality and Pollution
The treatment and disposal of waste and effluents, which are currently disposed of
through either surface waterways or allowed to seep into the ground untreated, does
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not exist at anywhere nearing sufficient scale in either the larger metropolitan or the
mid-tier and smaller cities (Alam et al., 2021). Another interconnected problem is
the lack of information about industrial impacts on water quality and the lack of
treatment thereof. Heat, for instance, has significant effects on water quality and the
behavior of the contaminants it contains (Handbook of Industrial Water Treatment
SUEZ, 2007).

As water becomes more scarce and polluted globally, countries and cities around
the world are racing to capture, purify, and reuse water with the aid of both the
development of old-school municipal infrastructure but also through cutting edge
sensors that monitor the changing composition of discharges through the course of
the day. If Pakistan is to truly gain a proper valuation of its stressed water resources,
this is the direction it will have to move in. Given the overall economy’s reliance on
the private and the general desire to boost its role in the country’s national develop-
ment objectives, incentives should be put in place to help attract, develop locally
and deploy such innovation and technology through the water-valuation chain.
Countries such as Brazil and Singapore are at the forefront of such efforts and there
is much that needs to be done to reach out to them for the acquisition of such with
the attendant adaptation to Pakistan’s local conditions (Freedman et al., 2015).

Climate Change and the Challenges to Pakistan’s Water Supplies

According to the fifth report of the Intergovernmental Panel on Climate Change
(“IPCC”), ongoing warming will have a significant impact on managing water in
South Asia for the region’s vast population. This will require all kinds of adequate
adaptive improvements to better manage watersheds as well as improve the legal,
regulatory and governance frameworks to better manage available and dwindling
water resources (CKDN & ODI, 2014). These recommendations about the relative
underdevelopment of the legal system as a reason for Pakistan’s relative inability to
attract FDI as well as the need to harness the legal system to tackle the threats from
global climate change must be put together and recognized as a call to action.

It will be no mean task to pivot an economy facing such dire threats from climate
change, especially when at present approximately 95% of freshwater goes to low-
value irrigated agriculture that continues to produce close to 20% of the country’s
GDP such that approximately 65% of the population relies on an agricultural
income. At the same time as the nearly 150-year old colonial-era Canal and Drainage
Act 1873 (‘CDA’) regressively governs surface waters (by warabandi or fixed time
allocations of water that have very little to do with actual crop water requirements
and that privilege larger landowners who have land closer to the heads of canals),
groundwater remains unregulated. This is a significant regulatory gap especially as,
since the advent of the Green Revolution in the 1960s, groundwater use represents
approximately a third of irrigation water in addition to being a significant source of
drinking water as well as meeting the needs of industry. Given these multiple uses,
groundwater quality, especially for drinking water purposes, remains dangerously
unregulated—a significant gap. Recent studies have found that approximately 60
million people may be exposed to arsenic poisoning through their underground
drinking water supplies and 70 million have drinking water contaminated by
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bacteria. Further, environmental and ecosystem concerns remain entirely unregu-
lated as does the issue of the loss of coastal areas due to significantly reduced fresh-
water flows to the Arabian Sea Delta and the rising threats from saltwater ingress
into low lying lands and to coastal lands from sea level rise. The country faces sig-
nificant institutional and regulatory gaps in both surface and groundwater quantity
as well as quality and the overall management of its water resources. On the critical
link between water quality and public health, the World Bank estimates that the
Pakistani economy loses US$4.9 billion a year because of productivity losses and
treatment costs from water-borne diseases. In addition, there are significant chal-
lenges from childhood malnutrition and stunting and women’s malnutrition and
anemia, such that, as the chapter will explore, the political economy of water and
the laws and institutions that govern it need to pivot from a heavily supply-side
focus on infrastructure towards a more holistic understanding of water as a key
input in both economic as well as the health and nutritional and food security of citi-
zens. This means that developing water policy should no longer be the narrow pre-
serve of a few select professions such as civil and irrigation engineers but should
move to consult and tap the legal, economic and social sciences more broadly as
well as actual users and those who rely on getting water policy right. Policies, laws
and institutions will need to be redesigned; for instance, the long-delayed National
Water Policy, finally approved in 2018, while a step forward, remains sadly inade-
quate and has to date not been followed up with actionable plans to build on its
goals. Pakistan is getting close to the time when it needs to fundamentally reformu-
late its reliance on the waters of the Indus—before time runs out and deeply unset-
tling changes are forced upon it.

Meanwhile, despite experts’ attempts to highlight the true economic and ecologi-
cal costs of large planned and under construction dams in Pakistan such as the
Diamer-Bhasha Dam in Gilgit-Baltistan, the country’s policy commitment to build
them continues (Abbas & Hussain, 2021). One of the significant areas of concern is
that a true and more accurate accounting of such commitments must also be under-
taken, in light of the submitted and revised NDCs to COP26. Pakistan’s reliance on
building 10 large dams in 10 years is likely holding it back from significant invest-
ments at larger scales of more sustainable and affordable renewable energy invest-
ments—especially so as its regional neighbors India and China have committed to
installing large-scale solar capacity. Doubling down on a commitment to the con-
struction of large infrastructure perhaps, somewhat ironically, has a back-to-the-
future feel, harking back to a nineteenth-century belief in large command-and-control
water diversion infrastructure similar to what British colonial rulers laid down in
united Punjab (Ali, 2014). The idea is not that large or small dams do not need to be
built where they are appropriate, but that projects must be designed from the start
for multiple purposes in addition to the provision of irrigation water and hydro-
power, such as habitat protection and broader environmental considerations.

Monsoon variability in the Indo-Gangetic plains has had significant impacts on
socio-political developments throughout South Asian history (Kathayat et al.,
2017). By no means should planners underestimate the impacts fast-moving climate
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changes such as rising temperatures and their effects on river discharges and rainfall
patterns. While our abilities to manage and adapt to variability and changing condi-
tions are no doubt more than those of the Indus Valley Civilization, nevertheless, so
too is the challenge from our greater reliance and social dependence of vastly larger
population systems on the environment.

If an encompassing lesson were needed in the interrelated impacts of climate
change, we need look no further than the year 2022. A hotter spring brought with it
a punishing heatwave contributing to faster and earlier glacial melt which transi-
tioned into a summer of devastating river floods and significant rainfall events
(Andreoni, 2022) with the country overall receiving three times the national average
of the past thirty years; Balochistan received five times its normal amount; and flat
southern Sindh province received nearly six times the average (OCHA, 2022).
Beyond the immediate devastation, with water inundating vast tracts of farmland
and destroying standing rice and cotton crops, upcoming winter wheat planting is
threatened, imperiling already tenuous food security for the most marginalized as
well as potentially contributing to biting food inflation (Goldbaum & Ur-Rehman,
2022). The U.N. Secretary General Antonio Guterres, on a visit to the country to
survey the damage with Pakistani authorities, spoke about what he saw: “I have
never seen climate carnage on the scale of the floods here in Pakistan” (Anténio
Guterres [ @antonioguterres] 2022). He went on to say, “As our planet continues to
warm, all countries will increasingly suffer losses and damage from climate beyond
their capacity to adapt. This is a global crisis. It demands a global response.” This is
undoubtedly true and even within Pakistan, it is a crisis of poverty, inequality,
and inequity, with the poor and already climatically vulnerable—living in flood-
plains and earning their incomes from agriculture, forestry, animal husbandry,
and fishing—who are directly in the line of devastation. (Atlantic Council, 2022)
Both globally as well as nationally, surely, climate justice is the need of the hour
(Sathar, 2022).

The monsoon and floods are undoubtedly colossal, with the lives, livelihoods,
houses, and livestock of the already poor and the most marginalized impacted the
most (Atlantic Council, 2022). Yet it is unclear whether, beyond the immediate
humanitarian aid, any fundamental commitments to both changing the long-term
trajectory of global emissions from historically high emitters—(if this is even pos-
sible) and strengthening the immediate mechanism for loss and damage financing,
as needed as they are, may be forthcoming. While much-needed progress has been
made on the initial $100 billion a year pledge by developed to developing countries,
a significant gap remains (OECD, 2020), with each passing year opening up a fur-
ther gap between needs and financing available for those who need it the most. This
means that for the most part, when a calamity like this strikes, as unjust as it is, a
country like Pakistan has to tackle the attendant financing and reconstruction chal-
lenges—including the building of new resilient infrastructure to protect against
future harms—from its own resources. (DAWN Editorial, 2022; DAWN Report
2022) Surely, the world can do better to meet this collective action challenge.




52 E. Sattar

2.4 A New-ish Consideration: The Overlapping of Water,
Energy, and Climate Policy

The costs of deferring actions to reduce emissions until mid-century are being
assessed as rising by 150%, as compared to timely action sooner (Lemoine &
Traeger, 2016). Importantly, while the growing recognition of climate tipping points
is advancing with ever greater sophistication, the methods to quantify the cumula-
tive effects of getting water policy wrong, akin to the climate’s “tipping points”,
remain underdeveloped.

For the bulk of Pakistan’s history of water management, environmental consid-
erations have not featured explicitly in matters of policy A major component of
Pakistan’s NDC’s is focused on 10 large dams to be constructed in 10 years—an
ambitious target—but also one with significant ecosystem impacts including reset-
tlement issues, which the government assures (at recent international forums such
as COP26) have been accounted for and will be taken care of during the implemen-
tation stages (White, 2021).

Given that at the G20 meeting in Rome in 2021 before COP26, richer countries
were unable to make progress on their previously agreed goals (in 2015) to make
available $100 billion a year in climate financing to developing countries, it remains
a significant challenge for countries like Pakistan to attract the necessary funding
for its climate goals.

Given that, as Pakistan’s lifeline, the Indus River receives approximately 65% of
its flows from snow and glacial melt and its two tributaries, the Jhelum and Chenab
rivers, rely on glacial melt for 50% of their flows, a warming global climate that
reduces Asia’s water towers will have dramatic effects on future water flows into the
country. Thus, the government’s strategy of building large reservoirs to tackle this
anticipated reduction in flows and the strength of public finances in combination
with multilateral development financing to actually deliver on the planned construc-
tion of 10 dams in 10 years is being doubted by experts (Husain, 2021). As has been
highlighted, cost overruns from delayed projects are par for the course from projects
financed under the Government of Pakistan’s Public Sector Development Program
(“PDSP”), thus raising the need to finance projects through other means such as
private markets—for instance, by offering green bonds as WAPDA undertook in
2021 (Bondevalue, 2021; Hasnain, 2021b). Going forward, Pakistan’s continued
reliance on international capital markets may be more challenging due to a host of
interlocking reasons. For example, rising interest rates around the world and the
regional geo-strategic situation in neighboring Afghanistan have converged in
WAPDA’s decision to defer issuing its second green Eurobond for financing under-
construction dams to between 2022-23, depending on international borrowing rates
and overall conditions (Hasnain, 2021a).

As researchers have warned for years, the water used for power production is a
huge challenge to energy and water security that will only get worse over time and
will face a critical limit by 2040 (Aarhus University, 2014; Lewis, 2014). Importantly,
if current withdrawal and demand trends continue, by 2030 there will be a 40% gap
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between available water and water needed for electricity production As Pakistan
races to provide electricity to a greater percentage of its population amidst the rising
energy demands of more affluent countries, it must think about the sheer scale of the
water used to cool power plants, with coal and nuclear being particularly water
intensive sources of energy. Given this, Pakistan must begin to explicitly take
account of the impact of its energy production strategy and overall energy mix on
stressed and dwindling water resources. This means that the political economy of
water is inextricably linked with the political economy of energy production. This
would be a critical shift in policy developing paradigms given that the bulk of the
current conversation is centered on developing more water resources, mainly
through the production of large storage dams. But the other side of the equation—
about actual water use and what its purposes are and should be—also needs to
become an explicit part of the development conversation. The energy pathways of
countries will need to adapt to the fact that after 2040, business as usual will cease
to be possible as there will be an explicit tension between other uses of water (such
as for food production and urban uses) and the water needed in high-carbon energy
production processes (Lewis, 2014). Importantly, since this kind of explicit account-
ing of water used in energy production is missing from current frameworks, Pakistan
will have to inculcate such practices within dominant sectors, and bringing such a
water focus within the energy sector will require a significant shift in awareness. In
addition to a shift in government-sector policy circles, a shift will also—it is
hoped—be made within the country’s private sector firms as there is a growing
global demand for enhanced Environmental, Social, and Governance (“ESG”) com-
pliance accompanied by legal and regulatory disclosure requirements especially in
the oil and gas and electricity sectors (Sewell et al., 2021; Zigelman et al., 2021).
Given the global nature of trade, such a shift may affect domestic firms trading
internationally as well as help firms target domestic markets. Given that there is also
a parallel growth to quantify and sustainably use water in industrial production,
moving in this direction of explicitly accounting for water use through a broad range
of industries and processes would seem to be both a prudent and virtuous path for-
ward (Aquatech, 2019). In Pakistan, these issues are particularly salient for its cot-
ton and textile economy, a major crop producing and processing sector that makes
up nearly half of its manufacturing base as well as accounts for nearly 60% of
export receipts (Cororaton & Orden, 2008).

Pakistan’s water policy is at a crossroads. Specifically, in the context of climate
change, it submitted a revised Nationally Determined Contribution (“NDC”) plan
for its COP26 pledge with a commitment to deliver a detailed plan for COP27 in
Egypt. While a push to renewable energy is in the offing, large hydropower develop-
ment and the construction of attendant infrastructure is a key component of the
ambitious commitments that aim for reductions in greenhouse gas (“GHG”) emis-
sions defined previously for Paris 2016. That is one consideration. For the purposes
of financing its planned development pathway, this means that the country must
both commit its own financial resources and also attract significant international
finance for the construction of large hydropower that will need to be developed to
achieve its planned reductions (Sheikh, 2021a, b).
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There is a growing recognition that the energy needs of developing countries are
set to rise for years to come, which will require significant funding and technology
transfer and development (Bordoff, 2021a, b). Considering Pakistan’s defined pol-
icy pathway, the political economy of the development of water infrastructure as it
overlaps with climate adaptation becomes clear. As has been pointed out, while the
government is planning on the development of large hydropower for its energy tran-
sition, the country’s Alternative Renewable Energy Policy of 2019 does not contain
hydropower in its definition of renewable energy—clearly, if the government wants
to count hydropower as renewable energy, more needs to be done to align its incen-
tivizing policy frameworks. Further, on the push to develop and count hydropower
as renewable energy, there is significant internal stakeholder pushback with both a
civil-society policy coalition, the Rural Development Policy Institute (“RDPI”) and
a coalition of lawyers, academics, and representatives of lower riparian groups, the
Alternative Law Collective (“ALC”), who have submitted detailed comments rais-
ing questions and objections to the government’s stated plans for the development
of large hydropower (Jamal, 2021). The groups’ analyses point out that the plans for
hydropower development fail to take account of the implications of probable cost
overruns, particularly changing climatic conditions as they will reduce glacial melt
into built reservoirs as well as fail to take account of negative impacts on down-
stream and delta communities, fisheries, and ecosystems more broadly. Further,
experts continue to warn that categorizing hydropower as clean energy just because
it does not release carbon emissions is increasingly problematic. This is because
large reservoirs may still contribute to emissions in the form of methane instead of
carbon. Methane is a potent greenhouse gas (“GHG”) that may offer more a greater
opportunity to limit climate change in a shorter time span. The Global Methane
Pledge was signed by more than 100 countries in the leadup to COP26 who agreed
to limit methane releases by 2030 (McGrath, 2021). Given that context, large reser-
voirs that are significant emitters of the potent gas (St. Louis et al., 2000), and up to
25%more than previously estimated when calculated with newer methodologies
(Cornwall, 2016) may become harder to justify as a source of green energy (Deemer
et al., 2016).

The 2020 Human Development Report has called for humanity to acknowledge
that existing pathways to economic growth adopted by the world’s largest econo-
mies have failed to take account of their impacts on natural resources and that we
must explicitly turn away from continuing to exert destructive influence on the very
ecosystems that support life on the planet (Baumann, 2021).

Floods

Pakistan’s water economy is built on perhaps a Faustian bargain such that not only
is it prone to significant forces of underdevelopment, it is also periodically adversely
affected by significant flood events that may themselves be caused or at a minimum
exacerbated by the very same canal irrigation network that is itself a backbone of
the economy (Mustafa & Wrathall, 2010). The periodic flood-related destruction
that rural populations in particular have to endure should be a much bigger wake-up
call for the conscience of the nation than it is at the moment (Bashir, 2020). The
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negative effects from losing lives and livelihoods, already meagre possessions swept
away and the significant push of forces that are created to unleash rural to urban
migration mean that the lingering effects of floods that come and recede remain
etched in society for long after the waters have receded. When people have to share
drinking water with their farm animals and cattle, a reckoning may be imminent.

It is important to understand that the kinds of shifts that need to be made in the
structure of the rural economy are not just important for humanitarian reasons,
which are often strong motivators for action. There are other significant reasons
why Pakistan needs to shift away from this structure: the pattern of flooding and its
link to the kind of irrigated economy that has been built needs to be understood
clearly for any move towards charting another kind of course for the economy as
a whole.

2.4.1 Water Policy: Legal and Regulatory Considerations

Pakistan has an overarching governance structure for water management that it
inherited from British colonial rule of the Indian subcontinent. In the seven inter-
vening decades since Independence in 1947, the country has undertaken no signifi-
cant reform of its nineteenth century structure of water governance, leaving it with
an existential challenge as it approaches the twenty-first century. In short, Pakistan’s
political economy of water governance is fundamentally unfit for purpose as it faces
two classic political economy forces of demand and supply that are in direct tension
and will, without significant retooling of the economy, be potentially disastrous for
the country. The first is rising demand from a dramatically growing population
expected to be around 350 million by the mid-century mark and increase to 400
million by 2100. From its current estimated population of 220 million, this is a very
steeply rising trajectory. Given that the population is also expected to be urbanizing
and consequently will demand a higher quality of life, the country faces both an
increase in demand from the absolute number of people as well as from the higher
quality diets as well as the consumption of a greater number of consumer goods that
will accompany the rise of a more affluent population. The opposite countervailing
pressure that the country will face at the same time is the decreasing supply from
melting glaciers and reducing snowpack (which in the shorter term will lead to
destructive flooding) that under low-, medium-, and high-climate change scenarios
are expected to decrease by between one-third, one-half, or two-thirds. Thus, the
country is incredibly vulnerable to global climate change and will have to learn to
adapt to a much less forgiving overall water budget than it has historically relied on
to build its economy. What this means is that essentially under even the most opti-
mistic and now increasingly unlikely to be achieved voluntary contributions to
reducing reliance on carbon releasing fossil fuels under the Paris Agreement, a third
of the glaciers and annual snowpack the country relies on is expected to disappear
by the turn of the century, now only 80 years away. Given that approximately 60%
of the country’s annual water supply is dependent on this flow of the combined
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Indus rivers, policy-makers need to take these scenarios incredibly seriously and
adapt water-use policy accordingly to build a different kind of economic model.
Pakistan is even more vulnerable than most because approximately 40% of the
watershed of the Indus rivers is outside its territorial control thus, without signifi-
cant regional transboundary coalition-building, it will be unable to build a water-
secure base for its economic well-being.

Incentivizing the Private Sector and Protecting Public Health

Given the complex interplay of forces that will require balancing between regions
and sectors as well as significant efforts to rationalize demand and supply dynamics,
one of the approaches that the government should also explore is working to incen-
tivize a role for the private sector in helping address some of the significant prob-
lems. These can include the deployment of technology throughout the water value
chain and can include but not be limited to water recycling and reuse, connecting
universities and the private sector to develop local context specific technologies
appropriate to the smaller scale of Pakistan’s irrigated economy, and helping build
up rural livelihoods in non-irrigated areas through improved forest management and
tourism-based livelihood development (Alam, 2018).

One other relevant and growing area is that of incentivizing farming practices
that also help sequester carbon such that they are a part of the country’s overall
carbon capture and storage framework. There are at least two aspects of this work to
be considered: one is the beneficial and sustainable traditional farming practices
that contribute to an overall improved global climate change scenario while helping
the country meet its climate commitments. The further step is to unlock lending and
finance to farmers who manage their farms through the adoption of such sustainable
practices or those who have always done so and can now tap a new revenue stream.
This is the direction that other countries such as Australia are moving in, where
carbon farming is allowing pastoralists as well as farmers to access a secondary
income stream as a result of their sustainable practices (Tracey, 2021). Pakistan has
much to learn from places with developing and advanced frameworks and given the
lack of formal credit access in the overall rural economy, the ability to develop
another beneficial route of sustainable finance access is to be welcomed. This will
be an added impetus to develop a legal and regulatory framework that enables for-
mal lenders to move into green finance while also expanding the reach of formal
credit markets into the rural economy. The fact that at the same time it could also
prove beneficial to the advancement of sustainable carbon farming practices is a
bonus. Given the duration of contracts that banks and other lenders operating in the
carbon farming markets (especially as they attract foreign investors) require, farm-
ers need to know that for them to be able to obtain the requisite certifications they
must demonstrate a longer-term shift and commitment to sustainable practices that
outside investors can trust are worthy of their buy-in.

In many ways, given the focus on absolute water quantities, the focus on the
quality of available water in the overall policy discourse is sidelined in Pakistan.
This has a negative impact on important sectors such as the quality of irrigation
water, given the widespread use of untreated water used in manufacturing for
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growing vegetables, for instance, on the outskirts of cities. Another area affected is
drinking water availability, which has a significant detrimental impact on overall
quality of health given the prevalence of common ailments such as diarrhea and
Hepatitis A. The fact that there is also a near-total lack of focus on the fact that new
high-tech manufacturing sectors that the country may want to incentivize for
growth—given the lack of export diversity and the grave need to move up the manu-
facturing and processing value chain—require high quality clean water for their
processes. While a focus on the requisite quality of water required for different
manufacturing processes is important, so too is an understanding of the impacts of
water currently used by industry across a diverse range of manufacturing areas, such
as in textile production and apparel manufacturing which account for approximately
60% of the country’s exports and employ 40% of the labor force (Cororaton &
Orden, 2008)). Cement manufacturing also has significant negative impacts on the
quality of water that is discharged and may seep untreated into waterways and
underground aquifers (Aquatech, 2019). The long-term health impacts of these
industrial impacts on water resources must be studied and addressed so as to ensure
health and wellbeing.

Recycling and Reuse

One aspect that has increased in importance over the years in countries around the
world is the recognition that available water must be captured after use, recycled,
and reused in sectors across the economy. While the level of purification that cap-
tured water undergoes will depend on the uses to which it needs to be applied in any
particular context, significantly, this has become a way to address growing water
scarcity around the world. Despite a growing climate of water stress in Pakistan’s
policy discourse, direct use of treated municipal wastewater as well as direct use of
agricultural drainage water is yet to be tapped as a source of additional water sup-
plies (FAO, 2011). While this does not mean that there is not significant and reported
use of water through potentially unsafe practices such as the application of water
used in industry to grow vegetables (Natasha et al., 2020), nevertheless, the prevail-
ing discourse remains centered on building dams to capture “new”” water instead of
on creating more water through capture, recycling and reuse. This lack of focus on
recycling and reuse is unfortunate, especially as it is an important way to tap into the
innovative capacities of the private sector and companies who are keen to deploy the
latest technology to the problems of water scarcity, particularly as it plays out in
large urban centers (Freedman et al., 2015).

2.5 The Political Economy of Urban Water Supply
and Land Settlement

According to reliable estimates, in just the city of Karachi alone, residents spend an
estimated $350 million every year to acquire water through informal water suppliers
or through the “water tanker mafia,” as the trade is locally known (Rahman, 2008).
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The detailed locality-based surveys undertaken by dedicated teams under the lead-
ership of the indefatigable Parveen Rehman (Sarwar, 2013) at the Orangi Pilot
Project (“OPP”) have created a wealth of information for an improved policy
response. However, despite her tragic and yet unsolved murder having come as a
wakeup call to the city’s conscience, better policy and actionable results that elimi-
nate the network of illegal hydrants has been slow to emerge. While it is clear that
supplying water to areas without connections to formal water systems is one aspect
of the problem, networked areas too remain without actual water supplies. And the
policy reforms that have emerged have in some ways led to a form of co-option by
the informal of the formal, such that the city’s water suppliers have partnered with
the very same networks of official government sanctioned tankers (Ebrahim, 2019)
and water suppliers to supply a portion (up to half of the city’s demand) of water at
official government rates leaving them free to sell the remainder to those who can
afford to purchase better quality water at higher commercial rates (Hadid & Sattar,
2018). Given these arrangements also proliferate in other large cities of developing
countries (Sethi, 2015) and are less than ideal, a key concern of policy makers
should be on the inability of the formal sector to tap the significant financial
resources that are sucked up by the informal sector, rather than being potentially
tapped for the provision of improved formal services. The key question remains of
financing—if the informal sector can generate lucrative returns on meeting water
demand across the urban scale from informal settlements to large bungalows with
swimming pools, how can the formal sector begin to tap the revenue that the sector
is already generating? The Global Water Practice of the World Bank Group has
evolved tools and learnings based on case studies of utilities from around the world
that have undertaken significant reform efforts as captured in the Water Utility
Turnaround Framework that could be an important starting point for Pakistan’s
urban utilities as they work to turn around the existing unvirtuous financing and
operations cycles of the country’s urban water supply (Goksu et al., 2019).
Importantly, the Bank notes that while there is no recipe for turnaround, neverthe-
less, utilities that have undertaken a significant reform effort have done so in identi-
fiably similar ways.

2.5.1 The Emerging Politics of Land Acquisition

The politics of land acquisition that affect water availability are longstanding, tren-
chant and ongoing. A particular example of a contestation (parts of it now paused
through a legal order) is over the announced plans for the Ravi Riverfront Urban
Development Project that pits large scale landscape transformation by re-imagining
revising the Ravi River as a freshwater source (the Ravi is one of the three eastern
rivers diverted to India under the Indus Waters Treaty 1960) for residential, com-
mercial, industrial and recreational use against approximately 80,000 farmers who
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own fertile farmland around the outskirts of Lahore. While there is an old standing
goal to remake the Ravi river into the image of global development (Malik, 2014),
there is an upsurge of energy and commitment to the same under the country’s pres-
ent government. The announced approach of acquiring close to 100,000 acres on the
outskirts of Lahore for the project, meant to cater to an additional 10 to 12.5 million
people, will double Lahore’s (Pakistan’s second largest city) current population by
2030. The impacts of changing land use as well as the conversion of currently used
agricultural land on water resources, overall food security, the channelizing of the
river, as well as the shifts to farmer livelihoods, are expected to be significant. For
our present purposes, focusing on the political economy of water, we must highlight
that the project aims to revive the Ravi River as a freshwater source by making bar-
rages and lakes upstream of Lahore to revitalize the waterbody. The attendant
revived waterbody will be the focal point of significant urban, residential, industrial
and recreation zones. While focusing on the current and planned political economy,
it is important to note that the original reason the Ravi riverbed is locally referred to
as old or black Ravi (referring to its degraded state), is an outcome of the diversion
of the three eastern rivers to India under the terms of the IWT1960.

2.5.2 An Emergent Positive Development—A Land Registry

The overall political economy of land allocation in Pakistan, whether for agricul-
tural production or for residential construction, is one that is mired in historical
patterns with antecedents in the British colonial era and that continue to generate
current controversies as well as significant economically and politically regressive
outcomes (Mehmood, 2021). Pakistan’s meaningful new push to formalize and
digitize land titles in the country is a step in the right direction that must be pursued
for the sake of greater transparency as well as to facilitate both the financing of
agricultural livelihoods and to enable the ease of agriculture-related transactions. As
a next step from the formalization of land titles in cities (in the first phase of the
project, the land titles in the country’s three major cities, Karachi, Lahore, and
Islamabad are aimed for digitization) (DAWN, 2021d), the country must move to
formalize land titles for agricultural lands. The greater resulting transparency is also
likely to ease the enablement of formal financing to flow into the agricultural value
chain—a goal that policy must aim for (DAWN, 2021b). While not an explicit focus
here, we must reiterate that given the role that livestock plays as a share of rural
livelihoods (between 20-25%), as well as a percentage of agricultural value addi-
tion (approximately 56%) (Ashfaq et al., 2015), the overall formalization of land
titles may also help drive investment to improve dairy practices such as in animal
care and reduce disease burden in the overall dairy value chain.
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2.6 Tentative Concluding Thoughts

Pakistan’s fundamental challenges of water governance arise from a complex inter-
play of historically contingent factors. While these were adequate to meet the needs
of the moment, they have also raised significant challenges to sustainable develop-
ment, particularly in the context of rising demands and climate change. For the
country, laying the foundation for a robust and progressive political economy of
water such that it meets the challenges identified here will make the fundamental
difference between long-term societal and environmental well-being and a less inte-
grated response that will fail the aspirations and potential of its people. Given the
vast human reliance on the importance of getting water policy, incentives, and gov-
ernance right, Pakistan must rise to the challenge and recognize that in doing so it
will unleash a host of beneficial outcomes across sectors, ranging from irrigation
and agricultural water use, drinking water supply, and incentivizing the private sec-
tor amongst others, all within the context of climate change. Importantly, through
virtuous and experimental internal policy innovations, it will be able to share its
knowledge and experience of fundamental political economy reforms with the
world in a way that sets it apart as a leader in global water policy innovation. As the
fertile rivers and plains of the ancient Indus Valley civilization gave birth to a sophis-
ticated and regionally integrated and food secure urban culture, so too must modern-
day Pakistan seek to tap into its vaunted history of water management and update it
for the twenty-first century.
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Part I1
Resource Stocktaking and Emphasis on

Moving from Surface to Conjunctive
Water Use

In 1977, Pakistan’s history of water-centric policies started with a discussion on
creating a water conservation and environmental protection strategy. Since then,
while a series of policies and strategies have been rolled out, very few have been
adopted by lawmakers. In 2018, the National Water Policy of Pakistan (NWPP) was
the first water policy established by Pakistan, with the goal of recognizing the loom-
ing water shortage and creating an overarching policy structure and guidance for a
robust action plan. Pakistan is governed by a federal structure, with provinces enjoy-
ing significant autonomy because of the 18th Amendment to the Constitution. As a
result, this policy acts as a national framework for provinces to develop their own
action plans for water resource development and management.

Most of the chapters on this theme take stock of water resource supply and
demand over time. On the supply side, the Indus River and its tributaries contribute
175 BCM of water annually, including 165 BCM from three western rivers (Indus,
Jehlum and Chenab) and 10 BCM from the eastern rivers (Ravi, Sutlej and Beas).
The majority of the water (approximately 128 BCM) is used for agriculture; 35
BCM goes to the sea; and 12 BCM is wasted because of inefficiency. The Indus
River flows have a high degree of variability, with minimum and maximum flows of
114.3 and 256.2 km?, respectively, and an average flow of 182.3 km?®. Because of
this variability in the Indus Basin Irrigation System (IBIS), storage is necessary for
regulated flows. Further, it is now well known that Pakistan's per capita availability
of water supply has already declined from 5000 m? in the year 1951 to just 1100 m?
per capita in the year 2005, and is predicted to drop to 800 m* by 2025 in spite of
the fact that overall, supply has actually increased after the completion of Indus
Basin projects.

Annual variability is also observed in river flows downstream from the Kotri bar-
rage, which is located on the Indus River between Jamshoro and Hyderabad and
feeds the Fulleli, Pinyari, and Kalri Baghar canals. The probability of river flows
downstream from the Kotri Barrage show that, in a normal year, the river flows were
33.2 km? for the 1975-2013 period. Annual downstream flows decreased after the
Kotri Barrage was constructed because of enhanced canal diversions, and the
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Mangla and Tarbela dams only exacerbated the shortfall in flows More canal diver-
sions at the upstream commands has led to more zero flow days downstream of
Kotri during the 1975-2013 period.

On the demand side, a whopping 96% of water is used on agriculture, with a lot
of it wasted at the farm level. The agricultural sector accounts for 25% of GDP, 75%
of total export earnings, and as a source of livelihood for two-thirds of the country’s
population. Pakistan’s main agricultural exports consist of cotton, rice, and sugar-
cane, which are all water-intensive; sugarcane consumes 60% more water than rice,
170% more water than cotton, and almost 580% more water than wheat. Pakistan is
the 10th largest producer of sugarcane, which accounts for 4.8% of the cropped area
and 11% of the value-added from all crops. If water is priced at its opportunity cost,
the cultivation of rice and sugarcane do not have a comparative advantage. It is also
interesting to note that in the post-Tarbela period, the seasonal and annual flows
show significant deviations from the average. In absolute terms, the deviations of
flows during the kharif season range from 1.0-3.8 km?, 1.2-11.6 km? during the
rabi season, and 1.2—15.4 km? annually. Additionally, there has been an increase in
the cultivated area along with the cropping intensity which has reduced the canal
water availability per unit of irrigated land.

Pakistan’s agriculture and economy at large relies heavily on its water infrastruc-
ture, but that infrastructure is now in decay because of neglect and lack of mainte-
nance. The government allocates only 5-10% of the required amount for repair and
maintenance, resulting in 30% lower delivery capacity of canals than designed.
Therefore, immediate investment is required to restore the capacity of the water
infrastructure and develop new storage to ensure future sustainability.

The Indus Basin Carries a groundwater aquifer that commands an area of
16.85 mha, of which 14 mha of the area is cultivable. Before the canal irrigation
system was developed, the aquifer was in hydrological equilibrium, i.e., the inflow
to the aquifer was balanced by the outflow and crop evapotranspiration. Groundwater
governance in Pakistan is an emerging challenge which has largely been neglected
in the past. Its recent surge in priority is due to its on-demand availability, adapta-
tion options under climate change, reliability, and high productivity. Indeed, farmers
with access to groundwater can cultivate 90% of their total land compared to 63%
for farmers who only rely on canal water. Moreover, farmers with access to ground-
water and canal water have five times more income than farmers who can only
access canal water. Other water scarce countries show that sustainable ground water
management is a prudent policy option to manage droughts.

Aquifer management is another effective way of balancing discharge and
recharge, has been practiced in Germany, Switzerland, the USA, the Netherlands
and Sweden, where interventions were used to artificially increase recharge to the
aquifers. The proportion of artificial recharge to the total groundwater use ranges
from 15-25% in these countries. Even India has taken steps to harvest rainwater to
recharge its aquifers. Thus, the government needs to consider strategies related to
rainwater harvesting to recharge depleted groundwater resources.
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Those who advocate for increasing supply, given the limits on how much water
can be conserved and how much more groundwater can be tapped, think the most
only option is to construct more storage reservoirs. But the downstream impacts of
storage, such as sea intrusion and other environmental, ecological and social impacts
as a result of any reduction in surplus flows, need to be studied in detail. According
to the Water Apportionment Accord further studies have to be undertaken to estab-
lish the minimal escape needs downstream Kotri. Both Sindh and Punjab have car-
ried out these separate, studies reportedly with different results. So as there is still
no consensus on this issue, the balance river supplies, which can be shared by the
provinces as per provisions of the Accord, remain undefined.

Storage reservoirs would also have the significant additional benefits of provid-
ing hydropower and controlling floods. In recent years the development of large
dams has been looked upon unfavorably because of the significant environmental,
social, and cost implications. However, most of Pakistan’s are within the Indus sys-
tem and large storage is the only realistic option, given the size of the Indus.

It is an established fact that water quantity and quality are closely interlinked and
reduction in water quantity has a direct bearing on overall water quality. Because of
growing climate change, the increasing spatio-temporal variations in surface water
supplies are putting more pressure on groundwater, with the risk that irrigated areas
will become salinized. The disposal and use of untreated wastewater from munici-
pal, industrial, and agricultural activities is one of the major sources of pollution
for the entire ecosystem. This section of the book also describes the water quality
situation—surface and groundwater, the implications of deteriorating quality on
ecosystems, the underlying issues and suggests the way forward.

Groundwater contamination is worrisome. The Indus Plain, covering about
20 million hectares (Mha), possesses one of the largest volumes of groundwater in
the world. Disposal of untreated industrial and domestic waste in open ponds and
water bodies And indiscriminate use of heavy amounts of fertilizers and pesticides/
herbicides are major sources of pollution. Solid municipal waste sites in all cities
are a permanent source of organic and biological pollution. Liquid and solid domestic
waste not only cause environmental hazards but also for all kinds of epidemics.
Cleaning the Ravi has lately garnered interest, but land developers want to move
quickly and have thus ignored the option of rehabilitating the river with relatively
clean water.
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Abstract Water security imposes serious challenges for the social and economic
development of Pakistan, which is the eight-most climate-vulnerable country in the
world. This extreme climatic variability (drought/floods) has highlighted the need to
manage Pakistan’s water resources more sustainably. In 2018, the Government of
Pakistan developed a National Water Policy (NWP) to provide an overall policy
framework and guidelines for a comprehensive plan of action leading to the devel-
opment of sustainable water management solutions. This chapter will briefly review
past water policies and take stock of available water resources and their sectoral
uses, water use options under climate change, and water governance. It will also
include data on available water (surface and groundwater) and sectoral uses by
basin. In addition, it will comprehensively review Pakistan’s current water resources,
the challenges faced by irrigated agriculture, and possible future strategies to over-
come these problems and ensure the sustainability of irrigated agriculture in the
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3.1 The History of Water-Centric Policies and Strategies
in Pakistan

As the water crisis worsens, the debate on policy over water resource development
has become increasingly urgent. Pakistan’s first water-centric policies were intro-
duced in 1977, with a discussion focusing on formulating a strategy on water con-
servation and environmental protection. After that, in 1992, Pakistan’s National
Conservation Strategy (NCS) was established. The NCS covers a variety of environ-
mental issues such as water and sanitation, soil, air, forestry, and climate change.

The Sanitation Policy of Pakistan was launched in 1993-1994. This was the
result of several debates on shifting towards more participatory and localized
approaches to water rights. This policy focused on providing water-related facilities
since the water supply was lacking. Each of the provincial and regional govern-
ments developed a uniform policy under the Social Action Program, which called
for the inclusion of consumer groups in the administration of rural water and sanita-
tion facilities. Rural water supply and sanitation schemes were developed in col-
laboration with user groups, who were expected to take over the operation and
maintenance (O&M) of the schemes after they were completed.

The National Environmental Policy (NEP) was launched in 2005. This policy
aimed to provide a comprehensive framework to solve the environmental problems
associated with freshwater and marine water contamination. The NEP focused on
the country’s climate through a cleaner energy program to enhance citizens’ quality
of life by resolving the environmental issues under changing climate. With recom-
mendations for various sectors, the NEP established a legal and policy structure to
enhance various water treatment facilities, provide clean drinking water, develop
water quality monitoring and surveillance systems, and encourage water use meter-
ing to reduce indiscriminate water usage.

The National Drinking Water Policy was launched in 2009. The main objective
of this policy was to eliminate gaps in access to clean drinking water and to reduce
the number of people who died from waterborne diseases. It was authorized by
the federal cabinet and created in collaboration with UNICEF by the Ministry of
the Environment. It includes specific recommendations to increase access to safe
drinking water, safeguarding and conserving surface and groundwater supplies,
water treatment, community engagement, public awareness, capacity building,
public-private partnerships, research and development, and emergency preparedness
and response. The policy prioritizes the construction of new drinking water systems,
the repair and upgrade of existing water supply systems, the long-term viability of
water supply facilities, water storage, water quality enhancement, and water treat-
ment. Finally, this policy also proposed water quality standards for drinking water.

The Pakistan National Wetlands Policy was launched in 2009. This policy rati-
fied the Ramsar Convention in 1976, which emphasized the development of national
wetlands policies as critical to achieving the Convention’s “Wise Use” principle
for wetlands. According to the Ramsar Convention on Wetlands, “Wise Use” of
wetlands is the maintenance of their ecological character, achieved through the



3 Water Resource Potential: Status and Overview 75

implementation of ecosystem approaches, within the spirit of sustainable develop-
ment. While this policy does make some progress on that front, it is ultimately
insufficient. It addresses a number of issues, including the destruction and depletion
of wetlands; the increased demand for water, soil, and natural resources; a lack of
recognition, coordination, and power between institutions with wetland responsi-
bilities; infrastructure; and a lack of policies, rules, and regulations. The policy tries
to minimize harm to wetlands’ ecological health while also preserving their useful-
ness. Thus, the policy focuses on enhancing wetland productivity for water supply
and food processing, utilizing wetlands for water management, optimizing the dif-
ferent applications of man-made wetlands, utilizing wetlands as an educational
resource, and utilizing wetlands for recreation and tourism.

The National Climate Change Policy (NCCP) was developed in 2013 and then
revised in 2021. The NCCP aims to ensure that climate change is mainstreamed in
the economy’s economically and socially vulnerable sectors and steer Pakistan
towards climate compatible development. The main objectives of the NCCP are:

e Sustained economic growth addressing climate change

* Integrating climate change policy with other inter-related national policies

* Focusing on pro-poor gender sensitive adaptation

e Climate-resilient infrastructure and agriculture

* Reducing the impact of climate change on water, food, and energy security

* Minimizing the risks arising from extreme weather events

e Cleaner, lower emissions and less carbon intensive development

* Achieving the United Nations’ Sustainable Development Goals (SDGs) in the
light of its Sustainable Development Report 2020

o Effective use of the opportunities—mainly financial, public, and private sector
investment in adaptation and mitigation measures

* Enhancing the awareness and capacity of relevant stakeholders

* Promoting conservation of natural resources and nature-based solutions.

The policy measures of the NCCP suggest two principal strategies for developing
climate resilience: mitigation, which concerns all policies and actions aimed at
reducing the emissions of GHG such as CO2 or capturing them in forests, oceans,
or underground reservoirs; and adaptation, which seeks adjustment in natural or
human systems in response to actual or expected climatic stimuli or their effects.

The National Forest Policy was launched in 2015. In accordance with national
goals and international agreements, it calls for the extension, preservation, and
sustainable use and conservation of national forests, watersheds, and natural
ecosystems to reinstate ecological roles and improve livelihoods and human health.
Its main priorities in terms of water conservation are wetlands, protected areas,
and wildlife ecosystems to mitigate degradation and to promote the adoption of
international treaties and agreements relating to forestry, wetlands, biodiversity, and
climate change.

The National Water Policy of Pakistan was launched in 2018. Its goal is to
recognize the looming water shortage and design a robust action plan. Pakistan is
governed by a federal structure, with provinces enjoying significant autonomy due
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to the 18th Amendment to the constitution. As a result, this policy is a national
framework for the provinces to develop their own action plans for water resource
development and management. Provincial responsibilities include agriculture and
irrigation, along with the environment, urban and rural water management, and
other water-related subsectors.

3.2 The Stock of Available Water Resources and Their
Sectoral Uses

3.2.1 Historical Trends in Withdrawals (Surface
and Groundwater) in the Indus Basin

According to the FAO (2017), total water withdrawals (the sum of surface water
withdrawal, which is extracted from rivers, lakes and reservoirs, and groundwater
withdrawal, extracted from aquifers) from the Indus basin are around 200 billion
cubic meters (BCM) (Fig. 3.1). It is predicted that by 2025, the Indus Basin’s irriga-
tion needs will be 250 BCM, with supply predicted to only be 185 BCM. If current
storage capacities are further decreased because of siltation, this would result in a
32% deficit by 2025. If Pakistan proceeds with “business as usual” this will result in
extreme food shortages in the years to come, wreaking havoc on the national econ-
omy and threatening the livelihoods of millions.

Pakistan’s surface water—generated from glacier- and snowmelt, rainfall, and
surface runoff—relies heavily on the Indus River and its tributaries, which include
the eastern rivers of the Sutlej, Beas, and Ravi, and the western rivers Indus, Jhelum,
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Chenab, and Kabul (Nawaz et al., 2021). Annually, the Indus River and its tributar-
ies contribute an average of 175 BCM of water, including 165 BCM from the three
western rivers (Indus, Jhelum, and Chenab) and 10 BCM from the eastern rivers
(Ravi, Sutlej and Beas). The majority of the water (approximately 128 BCM) is
withdrawn for agricultural use; 35 BCM goes to the sea; and 12 BCM is lost due to
system inefficiency (Zuberi, 1997; Ahmad, 2007; Briscoe et al., 2005; Ministry of
Water and Power, 2002). The Indus River flows are quite variable, with minimum
and maximum flows of 114.3 and 256.2 km?, respectively, and an average flow of
182.3 km?. Because of this variability, storage is necessary for regulated flows
(Ahmad, 2016).

3.2.2 Historical Trends: Per Capita Water Availability

Pakistan’s population is growing at a rate of 2.8% each year and is predicted to
reach 250 million by 2025. During that time, the proportion of people living in cities
will rise from 35% to 52%. Consequently, water demand for residential, commer-
cial, and non-agricultural purposes is projected to rise 8% by 2025, accounting for
10% of total usable water supplies (Bhutta, 1999). Pakistan’s water availability per
capita has already declined from 5000 m? in 1951 to just 1100 m? in 2005, and is
expected to drop to 800 m?® by 2025—approximately the point at which there is not
enough water to survive (Engelman & Leroy, 1993; FAO, 2017) (Fig. 3.2). The
amount of agricultural land available to each person is also declining. Additionally,
agricultural land has been damaged by salinity and waterlogging because of the
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lack of high-quality irrigation water and drainage infrastructure. As a result, a
multidimensional approach is necessary for the long-term development of land and
water supplies.

3.2.3 Rainfall Stock in the Indus Basin

Pakistan’s average annual precipitation varies from less than 100 mm in parts of
Sindh and Balochistan to more than 1500 mm in the northern mountains. Pakistan’s
rainfall and precipitation show seasonal variation. Sixty percent of Pakistan’s mon-
soon rains occur between July and September. During the rabi season (October to
March), the average rainfall varies from less than 50 mm in some parts of Sindh to
more than 500 mm in KPK. Meanwhile, the average rainfall in the kharif season
(April to September) ranges from less than 50 mm in some areas of Balochistan to
greater than 800 mm in northern Punjab and KPK (Ahmad, 2007). Surface runoff
from rainfall contributes to river flows which vary seasonally.

The northern part of Pakistan contains a huge area (22,000 km?) with permanent
glaciers, with more than 100 of them longer than 10 km (Ahmad, 2007). The total
ice reserves have been estimated to be around 2738 km?, which is roughly 16 times
the average levels of the annual river flows. The Shyok, Hunza, Shigar, Chitral, and
Gilgit River basins are some of the major contributors to these immense ice reserves
with respective contributions of 32, 30, 21, 9, and 3% (Campbell & Pradesh, 2005).

3.2.4 Water Allocation in Different Sectors of the Indus Basin

The agricultural, domestic, and industrial sectors are the major consumers of
Pakistan’s water. Since Pakistan’s economy is heavily dependent on agriculture, it
also uses the most water. However, domestic water usage is assigned a higher prior-
ity since Pakistan’s Water Strategy of 2012 identifies drinking water as a basic right
(Ahmad, 2016). From the total available freshwater resources, 94% is used for the
agricultural sector, 5% for domestic use and 1%for industrial use (Fig. 3.3)
(Blomquist & Ingram, 2003; Ahmad, 2011; FAO, 2019).

3.2.5 Water Allocation for the Agriculture Sector

As mentioned above, Pakistan is an agricultural economy. The agricultural sector
accounts for 25% of the GDP and 75% of total export earnings, while two-thirds of
the country’s population lives in rural areas with agriculture as their main livelihood
(Ahmad, 2011; Kamal, 2009; Briscoe et al., 2005). However, around 92% of the
country’s land is arid or semi-arid (Kamal, 2009). Therefore, agriculture in Pakistan
must rely heavily on irrigation.
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The Indus Basin comprises around 25% of the total land area, which supports
around 65% of the country’s population. Most irrigated agriculture, which makes up
around 80% of Pakistan’s total cultivated area, is in the Indus Basin and satisfies
90% of its food and fiber requirements.

Cotton, rice, and sugarcane—Pakistan’s main agricultural exports—are all
water-intensive. Sugarcane consumes 60% more water than rice, 170% more water
than cotton, and almost 580% more water than wheat (Tariq et al., 2020). Pakistan
is the tenth largest producer of sugarcane, which accounts for 4.8% of the cropped
area and 11% of the value added from all crops. Sugarcane produces around five
million tons of sugar every year and contributes 3.6% to the GDP. However, the
production of sugarcane and the extraction of sucrose is extremely inefficient.
Pakistan’s average sugarcane yield is 47.5 tons/ha, 24% lower than the world’s aver-
age of 62.5 tons/ha (Tariq et al., 2020). Similarly Pakistan’s sucrose recovery rate is
9% compared to 12—-14% for other countries (Sharma, 2017).

The IBIS is designed as a supply-based irrigation system that cannot adequately
address the change in the demand for water during the cropping season aside from
the variability in the annual river flows resulting in extreme events of floods and
droughts (Faruqui, 2004). Figure 3.4 illustrates the seasonal and annual canal
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diversions from 1960 to 2005, along with the averages of the post-Tarbela period
(1975-2005). In the post-Tarbela period, the seasonal and annual flows show sig-
nificant deviations from the average. In absolute terms, the deviations of flows dur-
ing the kharif season vary from 1.0 to 3.8 km?, 1.2 to 11.6 km® during the rabi
season, and 1.2-15.4 km? annually. Additionally, both the total land under cultiva-
tion and the cropping intensity have increased, reducing canal water availability for
each unit of irrigated land (Bhutta & Smedema, 2007). This, in turn, has led to
higher demand for groundwater because of its availability, reliability, and high pro-
ductivity (Tariq et al., 2020). This is reflected in the fact that farmers with access to
groundwater can cultivate 90% of their total land compared to 63% of those who
relied on canal water (Basharat, 2015). Moreover, farmers who have access to both
groundwater and canal water earn five times more income than those who have
access only to canal water (Faruqui, 2004).

3.2.6 Water Allocation for the Domestic Sector

Access to adequate drinking water is a basic human right, as has been identified in
Pakistan’s Water Strategy of 2012 (Ahmad, 2016) and the Pakistan National Water
Policy of 2018. Domestic water use is not uniform and depends significantly on
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location, household characteristics, and socio-economic variables and increases
corresponding to household size and income (Lyman, 1992; Renzetti, 2002; Bhatti
& Nasu, 2010). Domestic water use in rural areas is 45 litres per capita per day but
jumps to 120 litres in urban areas (Parry et al., 2017).

3.2.7 Water Allocation for the Industrial Sector

Very little reliable information is available on industrial water use. In Pakistan,
urban and industrial water requirements are rarely calculated using real water con-
sumption statistics. Generally, between 2% and 3% has been cited; these values
come from a National Water Strategy document from the 1990s and two older
WAPDA studies from 1976 and 1989.

3.2.8 Water Allocation for the Environmental Sector

The downstream effects of irrigation, such as sea intrusion and other environmental,
ecological, and social consequences of reduced surplus flows, must be thoroughly
investigated. “The need for some minimum escape to the sea below Kotri, to verify
sea intrusion, was recognized,” according to Paragraph 7 of the Water Apportionment
Accord. Sindh’s provincial government believed the optimal standard was 10 MAF
(12.34 BCM), which was extensively debated, and other reports suggest lower or
higher estimates. As a result, it was agreed to conduct further research to determine
the minimum escape requirements downstream of the Kotri barrage. Unfortunately,
no trials have been conducted so far, and there is no agreement on the escape
requirements. Although there is still no agreement about the scope of these studies,
we recommend that they be carried out as part of the National Drainage Program.
To minimize perceived bias, these studies should be assigned to a foreign agency
such as the World Bank, ADB, or FAO (Azad et al., 2003).

3.3 Best Water Use Options Under a Changing Climate

In the last few decades, water has connected various biophysical strategies and poli-
cies. To address the issues in these policies, the scientific options need to be linked
to investments, institutions, water management, farming practices, and capacity
development. These options should address the spatial scale (fields, farms, irriga-
tion schemes, aquifers, transboundary river basins, and at the country level). These
options can be included in adopting big data solutions by introducing machine
learning and artificial intelligence to get information on water use across these spa-
tial scales. GIS and remote sensing solve many challenges, especially at larger
scales (from the irrigation system to the basin level).
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3.3.1 More Storage to Improve Water Availability

Pakistan is very reliant on its water resources and has made significant investments
in them. Most infrastructure has deteriorated because of age and negligence. There
is no new maintenance plan to repair or renovate our irrigation facilities.
Government funds are typically just 5-10% of what is needed to maintain this
infrastructure. The cumulative impact on river barrages and headworks has made
them extremely vulnerable to unanticipated harm, which could have disastrous
consequences. Canal distribution capability is 30% less than designed because of
delayed repairs and lack of reconstruction. As a result, urgent investments are
needed to protect these strategic mechanisms to ensure the food security of
Pakistan’s 220 million citizens.

3.3.2 Improving Agricultural Water Productivity

Successful harnessing of Pakistan’s freshwater resources would have a significant
impact on its future development. If Pakistan is to achieve sustainable growth, it will
have to change the way it uses water dramatically. At current yields, the area grow-
ing wheat would need to increase by 46% to satisfy the country’s food needs.
Similarly, other crop areas would need to be expanded. But given current water
supplies, this is not realistic. As a result, the only way to fulfill this food target is to
improve water quality in order to optimize land and water productivity. Water man-
agement measures such as precise field leveling, zero tillage (ZT), and bed and fur-
row planting can all contribute greatly to increasing water productivity. Farmers
should be requested to employ high-efficiency irrigation technologies such as sprin-
kler and drip irrigation to reduce irrigation water demands.

According to studies undertaken by the International Water Management Institute
(Ahmad et al., 2007), the use of ZT and laser-leveling technologies for wheat grew
from 15% to 35% between 2000 and 2003 in the Rechna Doab subbasin. Between
2003 and 2004, the region using ZT expanded tremendously, with wheat planted on
400,000 acres. Farmers in Punjab already own approximately 5300 ZT drills, and 45
companies produce them. Farmers use Resource Conservation Technologies (RCTs)
for a variety of reasons. Around 97% of farmers deployed new RCTs primarily to
increase farm profitability, while 87% did so to harness scarce water resources.

Farmers in upper Rechna Doab, where rice-wheat farming was predominant,
embraced ZT technology to the greatest extent (27%). Similarly, laser land leveling
was more suitable in the middle and lower Rechna (with 4% and 12% adopting it,
respectively), where wheat and sugar cane are the primary crops and irrigation
water scarcity is a significant issue. Since using ZT and laser land leveling, farmers
in these locations have seen fewer production costs, greater crop yields, and more
net farm revenue.
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3.3.3 Improve Groundwater Use by Rationalizing
Cropping Patterns

Pakistan’s water economy has largely survived over the last few decades due to mil-
lions of farmers, cities, villages, and factories exploiting unmanaged groundwater.
This period of “productive anarchy” is now coming to an end, since freshwater in
most areas has been depleted. As a result, strategies for balancing water withdrawal
with recharge are urgently needed.

Improved irrigation has benefited rice and sugar cane, for example. Given that
rice requires so much water, it is vital to examine if Pakistan can continue growing
rice for export or whether it should divert this water to more competitive crops.
Similarly, we should start developing low-water-use and high-market-value substi-
tutes for sugar cane. Additionally, high-value grains such as sunflower, legumes,
tomatoes, and orchards can considerably enhance agricultural incomes. Indeed, the
world imports more than one billion dollars” worth of edible oils currently.

More than 70% of irrigation water in Pakistan’s rice-growing regions is provided
by tube wells (Awan et al., 2016). Thus, restricting rice production to meet domestic
demand may alleviate groundwater stress. Groundwater can be conserved by using
modern irrigation techniques such as alternate wet and dry rice irrigation. Similarly,
direct-seeded rice requires 23% less water than transplanted rice.

Aquifer management is the most efficient method of achieving a balance between
discharge and recharge. Widely used in developed countries such as Germany,
Switzerland, the United States, the Netherlands, and Sweden, this has resulted in
artificial recharge accounting for 15% to 25% of total groundwater utilization (Li,
2001). In 2021, India took substantial measures to use harvested rainwater to regen-
erate its aquifers, and the central government recently allocated significant funds to
further promote this practice.

Because of Pakistan’s groundwater socioecology, a multifaceted approach is
required. For example, power subsidies need to be revisited in Balochistan Province.
The current annual subsidy for agricultural tubewells is 8.5 billion Pakistani rupees
(US$ 140 million), which encourages unsustainable groundwater mining. In addi-
tion, water availability should be used to calculate harvest regions for various crops.
Finally, farmers in Pakistan’s desert and rainfed regions have invested in rainwater
harvesting systems to complement irrigation and recharge aquifers. The govern-
ment should support these initiatives to ensure the impoverished have a means of
subsistence.

3.3.4 Better Resources Utilization at the Field
and Basin Scales

Pakistan does not have a well-developed drainage infrastructure, which is required
to remove salt from the system. As a result, it is necessary to invest in rehabilitating
current drainage channels and building new drainage systems to control salinity.
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In the long term, transporting excess salts from irrigated areas to the sea is one pos-
sible solution. Construction of a main interprovincial drain to eliminate salt from
the basin should begin immediately and needs the government’s prompt attention.
In Pakistan, technical solutions have gotten too much attention, and management
solutions have not received enough. While technical solutions increase crop yields
and intensities, they do not prevent the emergence of linked environmental concerns
in neighboring areas.

The government should also promote replenishing salt-affected soils using gyp-
sum, acids and other organic materials. The use of enhanced planting techniques
and fertilizers and diverse salt-tolerant crops should be carefully considered as
saline agriculture increases. Many varieties of crops have been adapted to Pakistani
environments. For example, there has been considerable success growing seasonal
fodder grasses, such as tall wheatgrass (Elytrigia elongata), Puccinellia (Puccinellia
ciliata), and Rhodes grass (Chloris gayana). Incorporating salt-tolerant trees and
bushes into agricultural systems on salt-affected soils has the potential to boost crop
and animal yields while also minimizing soil depletion. Our current inefficient
farming patterns can be reversed if land changes are accompanied by better agricul-
tural techniques.

The biological approach prioritizes long-term stewardship of extremely saline
water and soils, as well as enhanced farming practices, by maximizing the positive
use of genetic capital in plants, livestock, birds, and insects. This technique supports
reclamation through the use of salt-tolerant herbs, bushes, trees, and fodder grasses.
Due to their vital role in any region’s hydrological cycle, plants, particularly trees,
are referred to as biological pumps. According to a Pakistani study, extremely saline
streams can be used to cultivate salt-tolerant fodder grasses, hence increasing the
quality and quantity of animal products (Hussain et al., 1990). Chemical additions,
organic matter, and mineral fertilizers, in addition to selective harvesting of salt-
tolerant forages and grasses, are used in these waterways. By acting as biological
drainage agents, trees and plants lower water table depths simply and efficiently.
This is essentially a “pro-poor” strategy that helps disadvantaged farmers, who
would otherwise have to quit their farms, to increase their revenue.

In Pakistan, poplar, eucalyptus, tamarix, mesquite, and acacia can all be used for
bio-drainage. Nonwoody plants, on the other hand, such as trees, sedges, grasses,
and herbs, may have deep-rooted structures that touch groundwater. (Choudhary &
Bhutta, 2000). Any major impact on the water table from such a plantation (woody
and nonwoody) will be anticipated only if water consumption by plants is more than
the water supplies. Planting trees to draw shallow groundwater is a useful tool to
reduce water tables and salinity.

3.3.5 Strengthening Institutions

Agriculture in Pakistan is evolving rapidly through agricultural modernization
implemented by the farmers and the substitution of high-value crops in place of
traditional crops. Water demand is visibly changing as a result of agricultural
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diversification, urbanization, industrialization, environmental consciousness, cli-
mate change, and the evolution of the natural resource base. As a result, a modern
water economy must be more adaptive, with water reallocated from those with the
least need to those with the greatest need. Pakistan must invest in institutions that
will enable it to address future water management concerns.

For example, groundwater is frequently blended with surface water so as to limit
the amount of salt in the water to avoid soil salinization. Surface water and ground-
water are also used concurrently at the canal system’s head and tail ends in the
majority of canal command areas. One of the biggest disadvantages of this is that
upstream regions face rising water tables and flooding, while tail-end users’ salinity
issues are compounded by poor groundwater conditions.

In Pakistan, 32% more canal water is supplied to head-end farmers than to tail-
end and middle-end farmers (Haider et al., 1999). As a result, upstream farmers
should be permitted to use more groundwater (since it is fresh), while downstream
users should be provided with additional surface water sources to lower their reli-
ance on salty groundwater and prevent soil salinization and output loss. To accom-
plish this, the canal department must manage canal flows to suit the needs of tail-end
farmers. While convincing farmers to adopt these techniques may be difficult, con-
tinuous and reasonable motivation may be beneficial. Farmers must also be
instructed on the proper mixing ratios of surface and groundwater supplies to
improve crop yield and prevent soil erosion. Additionally, farmers should diversify
their revenue streams by cultivating high-value cash crops rather than conven-
tional crops.

3.4 Water Governance

The water management is a joint responsibility of the federal and provincial govern-
ments. The Federal Ministry of Water Resources and the federal planning comission
are responsible for policies and planning; the Water and Power Development
Authority (WAPDA) is responsible for major interprovincial dams; the Provincial
Irrigation Departments (PID) and Provincial Irrigation and Drainage Authorities are
responsible for irrigation and drainage up to the field canal intake; the latter are also
responsible for irrigation and drainage beyond the field canal intake. While numer-
ous federal agencies are responsible for various parts of the water sector, there is no
efficient interprovincial body to coordinate water sector planning, development, and
management.

The Water Accord, governed by the Indus River Systems Authority (IRSA),
allots the Indus River Basin’s waters to the provinces. Disagreements about water
allocation are widespread, especially when it comes to sharing water during dry
years. This has resulted in a conflict between provinces, which has hindered water
supply management in recent decades.



86 M. Hafeez and U. K. Awan

Numerous public sector operations, including water supply and sanitation, as
well as on-farm activities, have been decentralized to the district level under the
August 2001 Devolution Plan. Provincial Public Health and Engineering
Departments and On-Farm Water Management Directorates have been downsized
or eliminated. Some are skeptical that district governments possess the technologi-
cal and administrative knowledge necessary to improve rural water supply and sani-
tation and expand water resources. These concerns are expected to be rectified as
district administrators acclimate to their current responsibilities. The districts’ prog-
ress in planning and building rural water supply, sanitation, and watercourse devel-
opment should be monitored to ensure they remain on track and that assistance is
supplied when possible. NGOs, Watercourse Associations (WCAs) at the water-
course level, Farmer Organizations (FOs) at the distributary/minor canal level,
Drainage Beneficiary Groups (DBGs), Community Tube Well Organizations
(CTWGs), and Rural Village Water and Sanitation Groups are all examples of exist-
ing consumer-level organizations (Azad et al., 2003).

A water control case study in Chitral District, Khyber Pakhtunkhwa (KPK),
describes traditional water management techniques, primarily through the prism of
irrigation, such as strategies for sharing water between households and societies,
informal government arrangements known as “grammes,” cooperative water stor-
age, and irrigation channel maintenance schemes (Cooper, 2018).

3.4.1 Water Management and Governance Challenges

Several challenges exist across the provinces about water management and gover-
nance, including:

3.4.2 Fragmentation and Duplication of Roles
and Responsibilities

This has resulted in a lack of consistent reporting lines, a lack of clarity regarding
duties and tasks—which has caused uncertainty about who is responsible for what—
a lack of communication, and the absence of formal coordination processes.

3.4.2.1 Technical Capacity and Human Resources

There is insufficient skilled staff to manage and administer the schemes adequately
or to extend access to services (Cooper, 2018).
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3.4.2.2 Inadequate Operation and Maintenance

Publicly maintained canal networks have deteriorated as a result of excessive use,
interference with control mechanisms, damage to canal banks caused by human and
cattle trespassing, and insufficient maintenance. Budgets for operations and mainte-
nance (O&M) are far less than what is required. Salaries and electricity costs for
tubewells and lift pumps consume the lion’s share of the budget, leaving little room
for maintenance. Apart from the deterioration of transportation networks, several
significant structures, such as barrages and headworks, are exhibiting signs of aging
and extended neglect, which, if left unaddressed, could compromise their structural
integrity.

Additionally, the operation and maintenance plan neglected smaller drainage
channels (distributaries and minors). Small channels frequently operate in the
absence of control systems (gates, regulators). Significant investment has been
made in the past to improve irrigation and wastewater systems. Between 1982 and
1994, two irrigation systems rehabilitation projects (ISRP) were launched to address
the backlog of irrigation canal and surface drain repairs. While the project was suc-
cessful in lowering the maintenance backlog, it did not include the structural modi-
fications necessary to ensure the system’s long-term viability (Azad et al., 2003).

3.4.2.3 Monitoring

There is no standard data collection process for water delivery schemes (WSS)
(IUCN, 2014). Official reporting methods are either underutilized or ineffective.
With UNICEF’s support, a water knowledge management system is being set up in
the Khyber Pakhtunkhwa province. This system aims to bring together data from all
of the province’s schemes, monitor needs in real-time, and make O&M easier.

3.4.2.4 Political Interference

Political interference happens often in the water industry, in the form of government
recruiting, corruption, and biased project site collection.

3.4.2.5 Challenges Related to Financial Stability and Lack of Investment

Crops are heavily reliant on water, and the maintenance of existing infrastructure
and new construction is unquestionably necessary for the growth and proper func-
tioning of this vast system. In Pakistan, the buyer pays for the capital expense of
developing irrigation structures. The part of the cost for operation and maintenance
are dependent upon the water fees received by the provincial governments. However,
the collected fee is insufficient to meet the operation and maintenance costs. It is
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estimated that every province has a shortfall of funds almost greater than 30%.
Operation and management are the shared responsibility of provincial governments
and federal agencies (Saleh, 2016).

3.4.2.6 Challenges Related to Mega-Trends

Rapid urbanization is the competition for water among various users and industries,
leading to groundwater over extraction, declining water quality, and widespread
groundwater table decline.
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Abstract This chapter focuses on the supply and demand of water resources in
Pakistan. Data on the availability and use of water in Pakistan will be used to
develop a water balance for the IBIS. Because the per capita water availability is
less than 1000 cubic meters (m?), Pakistan is currently categorized as a water-scarce
country. However, there is a silver lining in that productivity in the agricultural sec-
tor can be doubled by using better technology and reducing the amount of land that
needs to be farmed, possibly reducing the gap between supply and demand. The
Indus Water Treaty of 1960 has posed serious limitations for both countries in shar-
ing the water supply during dry years. The provinces of Pakistan agreed on the
Water Apportionment Accord in 1991 to resolve the water-sharing conflict. However,
there are still issues between the provinces on sharing during dry years, resulting in
reduced environmental flows to the ecosystems and reduced availability for the agri-
cultural sector. Finally, water is discussed in the regional context of South Asia
which will focus on Afghanistan, Bangladesh, India, and Pakistan. A brief overview
of the current scenario along with historical trends will be provided for these coun-
tries. Then, we provide the successes and gaps related to water, specifically the
measures taken to deal with issues related to climate change, in the four countries.
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4.1 Introduction

This chapter focuses on the supply and demand of water resources in Pakistan.
Precipitation and glaciated resources are the major sources of renewable water in
the country. Rainfall, runoff, glacier- and snowmelt contribute to the main Indus
river and to its western tributaries: the Indus, Jhelum, and Chenab rivers. In addi-
tion, the Kabul river, flowing from Afghanistan, also contributes to the Indus Basin
Irrigation System (IBIS).

A major part of the IBIS was completed in 1880, with the second stage of the
infrastructure developed during the 1960s—70s, after the signing of the Indus Water
Treaty under the Indus Basin Development Programme (IBDP). In 1880, the water
table in the Indus Basin ranged from 46 to 76 meters (m) (150 to 250 feet). Fast
forward 100 years (in 1980), and it was less than 3 m (10 feet) in 42% of the Indus
Basin area. The recharge to groundwater, by the IBIS, created a blanket of fresh
groundwater of at least 2460 cubic kilometers (km?) in the Indus Basin, which is
almost equal to 14 years’ worth of average annual flows to the IBIS.

This chapter uses data to provide the availability of water from all sources of
water (surface and groundwater) and its probability based on the historical data. The
IBIS provides water to 20% of the geographical area of Pakistan. Water scarcity is
extremely severe in areas outside the Indus Basin due to a lack of perennial river
flows. The domestic, agricultural, and manufacturing sectors are the major users of
water. Agriculture consumes the most resources—93%—by far. Because of this, the
demand for water in non-agricultural sectors, in the future, will need to be met by
conserving water in agriculture, since non-agricultural sectors have a higher prior-
ity, especially domestic water use. Thus, the supply of water will increase only by
reducing existing water use.

This data will be used to develop a water balance for the IBIS. The impacts of
climate change on future water availability will also be discussed along with extreme
weather events such as drought and floods, and future projections of water supply
and demand.

Because the per capita water availability is less than 1000 cubic meters (m?),
Pakistan is currently categorized as a water-scarce country. However, there is a sil-
ver lining in that productivity in the agricultural sector can be doubled by using
better technology and reducing the amount of land that needs to be farmed, possibly
reducing the gap between supply and demand. Current weaknesses in water policies
and water governance will also be covered in the chapter.

After establishing an understanding of water supply and demand in Pakistan,
domestic and international water treaties and accords will be discussed. The Indus
Water Treaty of 1960 was signed between India and Pakistan, in which the western
rivers (Indus, Jhelum, and Chenab) were assigned to Pakistan and the eastern rivers
(Beas, Sutlej, and Ravi) were assigned to India. This treaty has posed serious limita-
tions for both countries in sharing the water supply during dry years. Similarly, the
provinces of Pakistan agreed on the Water Apportionment Accord in 1991 to resolve
the water-sharing conflict. However, there are still issues with sharing during dry
years, resulting in reduced environmental flows to the ecosystems and reduced
availability for the agricultural sector.
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Finally, a brief overview of the current water situation in South Asia will be
given, focusing on Afghanistan, Bangladesh, India, and Pakistan, particularly with
regard to the measures taken to deal with climate change.

4.2 Pakistan’s Water Resources

To understand water supply and demand, we need to first look at the historical trend
of river flows in the IBIS along with the future probability of river flows to highlight
the uncertainty involved. The distribution of water resources among the provinces is
briefly discussed here. Further details are provided in Sect. 4.5.2 on the Water
Apportionment Accord of 1991. Finally, some pertinent aspects of water resource
management are also discussed.

4.2.1 Precipitation and Glacial Resources

The average annual precipitation in Pakistan is depicted in Fig. 4.1, which shows
that it ranges from less than 100 mm in parts of Balochistan and Sindh to greater
than 1500 mm in the northern mountains of the country.

The country’s rainfall and precipitation show seasonal variation. Approximately
60% of Pakistan’s monsoon rains take place from July to September. During the
rabi season (October to March), average rainfall varies from less than 50 mm in
parts of the Sindh province to more than 500 mm in the Khyber Pakhtunkhwa
(KPK) province. Meanwhile, average rainfall in the kharif season (April to
September) ranges from less than 50 mm in some areas of Balochistan to greater
than 800 mm in northern Punjab and the KPK province (Ahmad, 2007). Surface
runoff from rainfall contributes to the river flows which varies seasonally because of
the seasonality of rainfall.

The northern part of Pakistan contains a huge area (22,000 km?) of glaciers with
more than 100 glaciers that exceed 10 km in length (Ahmad, 2007). The total ice
reserves have been estimated to be around 2738 km?, which is roughly 16 times the
average levels of annual river flows. The Shyok, Hunza, Shigar, Chitral, and Gilgit
river basins are some of the major contributors to these immense ice reserves with
respective contributions of 32, 30, 21, 9, and 3% (Campbell & Pradesh, 2005).

4.2.2 Indus Basin Irrigation System

The surface water resources of Pakistan—generated from glacier- and snowmelt,
rainfall, and surface runoff—rely heavily on the main Indus river and its tributaries,
which include the Ravi, Sutlej, and Beas rivers in the east, and the Indus, Jhelum,
Chenab, and Kabul Rivers in the west. The IBIS is the largest contiguous irrigation
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Fig. 4.1 Mean annual precipitation in Pakistan. (Source: Meteorology Department of Pakistan)

system in the world and commands an area of around 16.85 million hectares (mha)
and provides water for 90% of Pakistan’s food production (Ahmad, 2007; Briscoe
et al., 2005; GoP Pakistan Water Sector Strategy, 2003; Qureshi, 2011).

4.2.3 Historical River Water Flow Trends

Table 4.1 presents the historical annual flows of the Indus river—covering the east-
ern and western tributaries from 1937-38 to 2012—13. The Indus River flows depict
a high degree of variability with minimum and maximum flows of 114.3 and
256.2 km?, respectively, and an average flow of 182.3 km?. Due to the variability of
river flows in the IBIS, storage is necessary for regulated flows (Ahmad, 1999).

4.2.4 Probability of River Water Availability

There is high variability in daily, seasonal, and annual river flows in the IBIS
(Ahmad et al., 2003; Ahmad, 1993; Bhatti, 1999; Kijine et al., 1992; Mohtadullah
et al., 1991; WCD, 2000; Warsi, 1991) which complicates the assessment of the
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Table 4.1 Historical flows in River flows

the Indus River. Data source: Year (km®)

Indus River System Authorit

(RSA) 2015 y y 1937-38 193.3
1940-41 161.0
1950-51 226.2
1960-61 219.8
1970-71 158.3
1980-81 166.2
1990-91 201.7
2000-01 120.4
2010-11 193.7
2012-13 149.9
Average flows 182.3
Minimum flows | 114.3
Maximum flows | 256.2

Table 4.2 Probability of rim station inflows to the IBIS for the pre-storage period (1937-1967).
Data source: River flows. Water Resources Management Directorate, Water And Power
Development Authority (WAPDA)

Rim station inflows (km?) for the pre-storage period

(1937-1967)

Western rivers Eastern rivers
Probability (%) kharif rabi Annual kharif rabi Annual Total
Minimum 111.0 19.1 134.5 9.6 1.7 11.3 145.8
10 123.9 22.8 143.9 15.6 1.9 17.5 161.4
25 136.2 24.2 163.1 17.9 29 22.3 185.4
50 144.5 26.3 173.0 22.1 33 26.2 199.2
75 155.3 30.5 184.9 27.4 4.9 352 220.1
90 166.8 32.6 198.2 322 8.6 38.1 236.3
Maximum 192.7 40.7 231.7 39.3 18.1 44.5 276.2

storage capacity to regulate river flows. This variability of river flows is better rep-
resented using the probabilities of the flows.

Table 4.2 shows the variability of rim station inflows to the IBIS during the pre-
storage period (1937-1967), i.e., before completion of the Mangla Dam in 1967.
The rim stations for the Chenab, Jhelum, Kabul, Ravi, Sutlej, and Indus rivers are
located at Marala, Mangla, Attock, Balloki, Sulaimanki, and Tarbela, respectively.
In the pre-storage period, the western rivers contributed 144.5 and 26.3 km? during
the kharif and rabi seasons, respectively, in a normal year (50th percentile). Overall,
the western rivers contributed 173.0 km? in a normal year, while the eastern rivers
contributed 22.1 and 3.3 km? in the kharif and rabi seasons, respectively, for an
overall contribution of 26.2 km?>.

River flows are relatively lower during the rabi season because of lower rainfall
along with reduced glacier- and snowmelt. Moreover, eastern rivers have a higher
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variability in flow as shown by the fact that the once-in-ten-years high flows (90%)
are 117.7% greater than the once-in-ten-years low flows (10%) compared to a
37.7% difference for the western rivers. This observation is true for the flows during
both the kharif and rabi seasons.

The probability of rim station inflows to the IBIS during the post-storage period
(1968-2007) is provided in Table 4.3. In a normal year, western rivers contributed
140.4 and 26.9 km? in the kharif and rabi seasons, respectively, making the annual
contribution 167.3 km?®. For eastern rivers, the contribution during the kharif and
rabi seasons was 6.9 and 1.4 km?, respectively, while the annual contribution was
8.3 km?® in a normal year. As in the pre-storage period, river flows are significantly
lower during the rabi season. Moreover, the inflows from the eastern rivers continue
to show higher variability in the post-storage period.

Table 4.4 shows the variability of Indus Basin river flows from 1975 to 2013.
During this period, the normal annual flows were 166.2 km?, whereas the one-in-ten
low and high annual flows were 146.3 and 205.1 km?, respectively. This indicates
that variability in the Indus Basin river flows only differs marginally when compar-
ing the periods 1968—-2007 and 1975-2013. The variability in Indus River flows has
resulted in extreme floods and droughts and driven interprovincial conflicts over
water allocation.

Annual variability is also observed in river flows downstream from the Kotri bar-
rage, which is located on the Indus River between Jamshoro and Hyderabad and
feeds the Fulleli, Pinyari, and Kalri Baghar canals. Table 4.5 shows the probability
of river flows downstream from the Kotri Barrage, showing that in a normal year,
the river flows were measured at 33.2 km?® for the 1975-2013 period.

Before the Kotri Barrage was constructed, there were downstream flows every
single day. However, since the construction of the Kotri Barrage, the seasonal and
annual downstream flows have decreased because of enhanced canal diversions.
These flows decreased even more after the completion of the Mangla and Tarbela
dams due to more canal diversions at the northern upstream commands (S. Ahmad,
2016). Figure 4.2 shows the number of zero-flow days downstream from Kotri dur-
ing the 1975-2013 period.

Table 4.3 Probability of rim station inflows to the IBIS for the post-storage period (1968-2007).
Data source: River flows. Water Resources Management Directorate, WAPDA, and IRSA

Rim station inflows (km?) for the post-storage period

(1968-2007)

Western rivers Eastern rivers
Probability (%) kharif rabi Annual kharif rabi Annual Total
Minimum 934 17.2 110.6 0.5 0.0 5 113.5
10 111.6 20.9 135.5 1.1 0.2 1.4 136.9
25 125.7 23.9 153.5 32 0.6 3.7 157.0
50 140.4 26.9 167.3 6.9 1.4 8.3 175.6
75 157.2 30.5 180.8 12.6 23 154 196.2
90 159.7 343 194.6 18.5 43 20.1 214.7
Maximum 192.6 40.7 231.6 20.4 7.8 24.1 255.7
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Table 4.4 Probability of Indus Basin river
Indus Basin river flows from Probability (%) | flows (km?)
1 to 2013. Dat rce: T
Rgizjr gov?s?IRSZa(si(())li 6 Minimum Ha.2
20 146.3
25 149.6
50 166.2
75 191.8
90 205.1
Maximum 209.8

Table 4.5 Variability of river flows downstream from the Kotri Barrage from 1975 to 2013. Data
source: River flows. IRSA (2016)

The downstream river flows from the Kotri Barrage
Probability (%) (km?)
Minimum 0.4
20 10.9
25 13.6
50 332
75 56.0
90 85.2
Maximum 113.2
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Fig. 4.2 Number of zero-flow days below the Kotri Barrage during the rabi and kharif seasons.
Data source: River Flows. IRSA (2014)
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4.2.5 Groundwater Resources

The Indus Basin is a groundwater aquifer that commands an area of 16.85 mha, of
which 14 mha is culturable. Before the canal irrigation system was developed, the
aquifer was in hydrological equilibrium, i.e., the inflow to the aquifer was balanced
by the outflow and crop evapotranspiration. During the pre-storage period, the
groundwater usage was around 11.3 km?, which was 10% of the total water avail-
able for agriculture (Ahmad et al., 2001). The introduction of the canal irrigation
system resulted in waterlogging and salinity because of increased percolation in the
irrigated areas of the IBIS (Ahmad, 2007). Figure 4.3 shows the rise in the water
table, measured in meters above sea level (masl), in the Punjab province during the
first half of the twentieth century. However, the higher water table allowed tubewell
irrigation in areas with fresh groundwater. The government of Pakistan also encour-
aged tubewell development by providing subsidies, free wells, and soft loans (Lytton
& Ahmed, 2021; Johnson, 1989). This resulted in a significant increase in the num-
ber of tubewells in the Indus Basin, resulting in over 400,000 privately-owned tube-
wells in the early 1990s (van Steenbergen & Oliemans, 1997).

In the post-storage period, the estimated annual groundwater recharge in the
Indus Basin is 67.9 km?, with 44 km?® of this recharge occurring in areas which have
usable groundwater (Zuberi & Sufi, 1992). The development of the irrigation sys-
tem increased the water table to less than 3 m, which is categorized as waterlogged.
In June 2010, 34% of all canal command areas were waterlogged while roughly 13,
72, 41, and 48% of canal commands in Punjab, Sindh, Balochistan, and KPK,
respectively, were waterlogged. During October 2010, 42% of the canal commands
in the country were waterlogged and 22, 86, 46, and 25% of the canal commands in

mASL

190

\Water table 1960
180

170
Water table 192°

Water taple 1910

160 -
Water taple 0"

Fig. 4.3 Increase in the water table in a doab in the Punjab province in masl. (Source: Lytton &
Ahmed, 2021)
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Punjab, Sindh, Balochistan, and KPK, respectively, were waterlogged (Pakistan
Bureau of Statistics, 2011).

4.2.6 Distribution of Water Resources

Ever since the completion of the canal irrigation system in the Indus Basin, the mat-
ter of water allocation has resulted in several conflicts between provinces (Shah
et al., 2003) which were resolved through various commissions before partition in
1947 (Qureshi et al., 2008). Before partition, the water allocation from the eastern
tributaries of the Indus River for Punjab and Sindh was 94 and 6%, respectively
(Khalid & Begum, 2013).

After 1947, water allocation was initially carried out through informal arrange-
ments. However, in 1991, the Water Apportionment Accord was mutually agreed
upon by the four provinces. The Accord is based on historical water use by the
provinces, i.e., 47, 42, 8, and 3% for Punjab, Sindh, KPK, and Balochistan, respec-
tively. The Water Apportionment Accord is discussed in detail in Sect. 4.5.2.

4.2.7 Water Resource Management

Because of the growing population, food requirements are expected to increase sig-
nificantly in the future, whereas expansion of irrigated areas is limited both because
of lower investment in the water sector and environmental and ecological threats
(Qureshi, 2011). Table 4.6 presents projected food requirements and production
estimates for different crops for Pakistan in 2025. Based on these projections,
Pakistan is expected to face shortfalls for all crops. Therefore, better management of
water resources is required to meet the food requirements. Some potential solutions
are provided here.

Pakistan’s agriculture relies heavily on its water infrastructure, but that infra-
structure is in decay due to age and neglect. The government allocates only 5-10%

Table 4.6 Projected food requirements and crop production (million tons) for 2025. Source:
Asian Development Bank 2002

Crops Requirement Production Shortfall
Grains 50.0 31.5 18.5
Sugarcane 82.0 46.4 35.6
Cotton 35 2.7 0.8
Pulses 1.9 1.4 0.5
Oilseed 33 1.5 1.8
Vegetables 14.3 9.0 5.3
Fruits 16.1 9.0 7.1
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of the required amount for repair and maintenance. This has resulted in a 30% lower
delivery capacity of the canals than designed (Qureshi, 2011). Therefore, immediate
investment is required to restore the capacity of the water infrastructure and develop
new storage to ensure future sustainability.

In the recent past, the agricultural sector in Pakistan survived by tapping into the
groundwater. However, that groundwater use was unmanaged and unsustainable,
and as a result, the water table has decreased significantly because of excessive
groundwater abstraction. As such, the government should regulate and devise poli-
cies for bringing water withdrawals into balance with groundwater recharge. In this
regard, electricity subsidies in Balochistan should be reviewed as they lead to exces-
sive extraction of groundwater. Instead, farmers in the Kirthar Range, the riverine
area, and the Tharparkar desert should all be encouraged to invest in water struc-
tures to harvest rainwater to both irrigate and recharge aquifers.

In addition, Pakistan exports rice and sugar, which are water-intensive crops. The
government should assess whether the country should continue to produce these for
export or instead produce enough for domestic consumption and use the remaining
water for high-market-value crops, such as sunflower, pulses, and vegetables
(Qureshi, 2011). This would reduce the pressure on the water resources of the coun-
try and increase production of high-market-value crops, leading to higher incomes
for farmers and import substitution.

Aquifer management is another effective way of balancing discharge and
recharge. This practice— in which interventions were used to artificially increase
recharge to the aquifers—has been used in developed countries such as Germany,
Switzerland, the United States of America (USA), the Netherlands, and Sweden.
The proportion of artificial recharge to total groundwater use ranges from 15 to 25%
in these countries (Li, 2001). Even India has taken steps to harvest rainwater to
recharge its aquifers (Qureshi, 2011). Thus, the government should consider rain-
water harvesting strategies to recharge depleted groundwater resources.

4.3 Demand for Water in Pakistan

This section assesses the allocation of water resources to different sectors in
Pakistan. The focus will be on agricultural water demand as this sector consumes
more than 90% of the available water in any year. In addition, temporal and sectoral
water demand trends and approaches to demand management will also be discussed.

4.3.1 Water Allocation for Sectors of Water Use

As mentioned above, Pakistan’s agricultural, domestic, and industrial sectors con-
sume the majority of water. Since Pakistan’s economy is heavily dependent on agri-
culture, this sector consumes the most water. However, domestic water usage needs
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to be assigned a higher priority because drinking water has been identified as a basic
right according to Pakistan’s Water Strategy of 2012 (Ahmad, 2016). From all avail-
able freshwater resources, 94% is used for the agricultural sector, with 5 and 1% for
domestic and industrial use, respectively (Blomquist & Ingram, 2003; Ahmad,
2011; FAO, 2019).

4.3.2 Demand in Agriculture

Pakistan is an agricultural economy; the agricultural sector accounts for 25% of the
Gross Domestic Product (GDP) and 75% of total export earnings, while two-thirds
of the country’s population lives in rural areas with agriculture as their main source
of livelihood (Ahmad, 2011; Kamal, 2009; Briscoe et al., 2005). However, around
92% of the country’s land is arid or semi-arid (Kamal, 2009), meaning that Pakistan
relies heavily on irrigated agriculture.

The Indus Basin covers around 25% of the total land area which provides a liveli-
hood for about 65% of the country’s population. Most irrigated agriculture, which
makes up around 80% of the total cultivated area, is in the Indus Basin and satisfies
90% of Pakistan’s food and fiber requirements.

Again, as mentioned above, Pakistan’s main agricultural exports consist of cot-
ton, rice, and sugarcane, which are all water-intensive; sugarcane in particular con-
sumes 60% more water than rice, 170% more water than cotton, and almost 580%
more water than wheat (Tariq et al., 2020). Pakistan is the tenth-largest producer of
sugarcane, which accounts for 4.8% of the cropped area and 11% of the value-
added from all crops. Sugarcane is used to produce around five million tons of sugar
every year and contributes 3.6% to the GDP. However, the production of sugarcane
and the process of sucrose recovery from sugarcane is extremely inefficient. The
average yield of sugarcane in Pakistan is 47.5 tons/hectares (tons/ha), 24% lower
than the world’s average yield of sugarcane which is 62.5 tons/ha (Tariq et al.,
2020). Similarly, sucrose recovery from sugarcane is 9% in Pakistan compared to
12 to 14% recovery for many countries (Sharma, 2017).

The IBIS is designed as a supply-based irrigation system that cannot adequately
address the change in demand for water during the cropping season aside from the
variability in the annual river flows (Khan, 2017; Faruqui, 2004). Table 4.7 provides
the seasonal and annual canal diversions from 1960 to 2005 along with the averages
of the post-Tarbela period (1975-2005). In the post-Tarbela period, the seasonal and
annual flows show significant deviations from the average. In absolute terms, the
deviations of flows during the kharif season range from 1.0 to 3.8 km?, 1.2 to
11.6 km?® during the rabi season, and 1.2—15.4 km® annually. Additionally, there has
been an increase both in the cultivated area and in the cropping intensity which has
reduced canal water availability per unit of irrigated land (Bhutta & Smedema,
2007). These factors have led to the popularity of groundwater due to its on-demand
availability, reliability, and high productivity (Tariq et al., 2020). This is reflected in
the fact that farmers with access to groundwater can cultivate 90% of their total land
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Table 4.7 Seasonal and annual canal diversions to the IBIS. Data source: River flows. Water
Resources Management Directorate, WAPDA, and IRSA

Canal Diversions (km?)
Key influences Period Kharif Rabi Annual
Pre-Mangla 1960-67 74.2 34.0 108.2
Post-Mangla 1967-75 80.3 37.1 117.4
Post-Tarbela 1975-80 83.7 47.0 130.7
Post-Tarbela 1980-85 84.1 45.9 130.0
Post-Tarbela 1985-90 81.6 46.4 128.0
Post-Tarbela 1990-95 81.5 47.3 128.8
Post-Tarbela 1995-00 86.5 453 131.8
Post-Tarbela 2000-05 79.0 324 111.4
Post-Tarbela 1975-2005 82.7 44.1 126.8

compared to 63% for farmers who only rely on canal water (Basharat et al., 2015).
Moreover, farmers with access to both groundwater and canal water have five times
more income than farmers with access to only canal water (Faruqui, 2004).

Pakistan has groundwater potential of 68 km? per annum and around 75% of this
amount is being abstracted. From the groundwater abstracted annually, 82% is used
in Punjab, 8% in Sindh, 5% in KPK, and 1% in Balochistan (Sarwar, 2000). The
extensive groundwater abstraction has resulted in a continuous decline of ground-
water tables (Tariq et al., 2020).

4.3.3 Demand for Non-agricultural Sectors

Access to adequate drinking water is a basic human right and has been identified as
such according to Pakistan’s Water Strategy of 2012 (Ahmad, 2016). Domestic
water use is not uniform and depends significantly on location, characteristics of the
household, and socio-economic variables, as it is positively correlated to the size
and income of the household (Lyman, 1992; Renzetti, 2002; Bhatti & Nasu, 2010).
Domestic water use in rural and urban areas is 45 and 120 liters per capita per day,
respectively (Parry et al., 2017). Figure 4.4 shows the breakdown of daily household
water use. The three household activities that consume the most water are bathing
and showering, which comprise 29% of domestic water use; toilet use at 19%; and
kitchen use at 16%. In contrast, drinking water makes up only 1% of daily water use.

Industrial water use is usually positively correlated with the growth rate of indus-
trial GDP. However, the extent of that relationship is unclear in the context of
Pakistan because of a lack of data (Parry et al., 2017). However, demand levels have
been estimated using various rates of economic development using Thailand as a
case study (Parry et al., 2017; Suttinon et al., 2009), presented below.
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Fig. 4.4 Daily household water use (%). (Data source: Bhatti & Nasu, 2010)

4.3.4 Temporal and Sectoral Trends in Demand

The main determinant for the water demand of a country is its population. Pakistan
is the sixth most populous country in the world and makes up roughly 2.8% of the
world’s total population. From 1960 to 2019, the average annual population growth
rate has been 2.66%. Based simply on population growth, this suggests that, on
average, water demand in Pakistan should have grown at least around 2.66% per
year, absent any improvements in water use efficiency, from 1960 to 2019. Table 4.8
shows the historical water demand for the agricultural, industrial, and domestic sec-
tors. The data shows that as a percentage of total water demand, agricultural usage
made up 94-98%, industrial use comprised 0.8-2%, with domestic use making
up 1-5.3%.

Using the data in Table 4.8, the average annual growth rates in water demand by
sector since 1975 are provided in Table 4.9. Since 1975, the average annual growth
in water demand ranged from 0.01 to 0.42% for the agricultural sector, —0.28 to
3.27% for industrial use, and 3.05 to 5.71% for domestic use. The average annual
growth rate in total water demand since 1975 varied from 0.09 to 0.54%. The growth
rate in domestic water demand reflects the impact of an increasing population.
However, the growth rates for the agricultural sector remained low which indicates
an increase in the efficiency of water usage.

Parry et al. (2017) use five different scenarios to make projections of water
demand by sectors for 2030 and 2050 using 2015 as the baseline period. The five
different scenarios are as follows:
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Table 4.8 Historical water demands by sectors. Source: FAO (Parry et al., 2017)

Year | Agriculture (km*/year) |Industry (km*/year) | Domestic (km*/year) | Total (km*/year)
1975 [ 150.3 1.534 1.534 153.4

1991 | 150.6 2.5 2.5 155.6

2000 | 162.7 3.47 6.39 172.6

2008 | 172.4 1.4 9.65 183.5

Table 4.9 Average annual growth rate of water demand by sectors since 1975

Year Agriculture (%) Industry (%) Domestic (%) Total (%)

1991 0.01 3.05 3.05 0.09

2000 0.32 3.27 5.71 0.47

2008 0.42 -0.28 5.57 0.54

Business-As-Usual This baseline scenario assumed that the United Nations’ popu-
lation projections (total and proportion living in urban areas) are realized, rates of
rural and urban water use per capita per day remain unchanged, a medium level of
economic growth occurs (leading to an industrial GDP growth rate of 6.9%), and
irrigation efficiency remains at 30%. Any potential impacts of climate change were
not considered.

Moderate Water Demand Management Scenario Under this scenario, all assump-
tions within the baseline scenario remained constant with the exception of an
assumed increase in irrigation efficiency (the average delivery ratio) from 30% to
37%, which could be achieved by applying more sustainable irrigation methods
such as sprinkler or drip irrigation.

Strong Water Demand Management Scenario In this scenario irrigation efficiency
is increased from 30% to 45%, while all other factors remain constant.

Above Business-As-Usual Scenario with Exceeded Extrapolation of Current
Water Demands This scenario projects water demand will be greater than the base-
line, business-as-usual scenario due to a higher level of economic growth (leading
to an industrial GDP growth rate of 9.7%) and an increase in population 15% greater
than the United Nations’ estimate. All other factors remained constant.

Climate Change Impact Scenario The scenario assumes that temperatures increase
by 3°C, which would lead to an increase in agricultural water requirements of 6%
by 2025 and 12 to 15% by 2050 according to research conducted by Amir and Habib
(2015). All other factors remain the same (Parry et al., 2017).

Table 4.10 presents the projection results. The results highlight the importance of
population growth, climate change, and water demand management in determining
water demand in Pakistan in the future.
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Table 4.10 Projections of water demand (km?) by sectors in 2030 and 2050 using 2015 as the
baseline period. Source: Parry et al. (2017)

Water demands in km?
Year Scenario Agriculture Domestic Industry Total
2015 Actual 173.0 5.1 2.3 180.4
2030 (1) 177.0 7.2 2.6 186.8
2) 166.0 7.2 2.6 175.8
3) 163.0 7.2 2.6 172.8
4) 177.0 8.2 4.7 189.9
5) 187.6 7.6 2.6 197.8
2050 (1) 182.0 10.0 2.7 194.7
2) 170.5 10.0 2.7 183.2
3) 166.0 10.0 2.7 178.7
4) 182.5 114 5.8 199.7
(5) 206.2 10.7 2.7 219.6

4.3.5 Demand Management Approaches

Water use in the agricultural sector makes up 94-98% of total water use in Pakistan.
Therefore, any attempt to manage water demand should focus on agricultural use.
Water demand management is a policy that focuses on better using the existing sup-
ply instead of developing new resources (Winpenny, 1997). Therefore, water
demand management aims to improve productivity in water use. In Pakistan, per
unit productivity of agricultural water use is lower than in other countries in the
world. For example, Pakistan grew 0.13 kilogram (kg) of cereal using 1 m?® of water
compared to 1.56 kg of cereal per m? in the US, 0.82 kg per m? in China, and 0.39 kg
per m?® in India. This indicates that the USA, China, and India are 12, 6.3, and 3
times more productive, respectively, compared to Pakistan.

Various water demand management practices can be used to increase water use
productivity. Some of these approaches are described below:

Deficit irrigation is a strategy where a crop is irrigated during its drought-
sensitive growth stages. Outside of these periods, irrigation is limited or unneces-
sary if there is some amount of rainfall. The main purpose of deficit irrigation is to
maximize crop water productivity, instead of crop yields, by maximizing the pro-
ductivity of irrigation water (English, 1990; Zhang & Oweis, 1999).

Technical and other interventions can be used to reduce irrigation losses.
Alternatives to traditional irrigation methods, such as drip irrigation or sprinklers,
can be used. In addition, precision land leveling (laser land leveling) can be used
which can reduce water use by 25% while also increasing the crop yield by 23%.

Cultivation of drought-resistant crops can prove to be beneficial as these crops do
not lose their biomass production in arid or drought conditions. These crops could
be especially useful in avoiding production losses accompanied with deficit
irrigation.
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Pakistan currently produces several water-intensive crops: cotton, rice, and sug-
arcane (Tariq et al., 2020). Replacing these crops with less water-demanding crops
will reduce the water requirements in the agricultural sector.

Soil mulching is a process of covering the soil with some material, such as plastic
sheeting or organic material (leaves, wood chips, straw, etc.). This process can
maintain soil moisture and thus reduce crop water requirements.

Conservation tillage is a tillage or tillage-and-planting combination used to
retain at least 30% of the crop residue on the soil surface to enhance water use
efficiency.

Economic measures such as establishing water markets or setting water prices.
For example, during the 6 year drought in California, USA, a water market was set
up where 1.048 km?® water was sold by farmers to urban users and environmental
resource agencies (Dziegielewski et al., 1993). The state government, acting as the
water broker, purchased the water from the farmers at US $0.10 per m* and sold it
at the rate of US $0.14 per m®. Bringing market forces into action through such
economic measures can lead to increased water productivity and even reallocation
of water resources to more productive activities. Therefore, water markets can play
an important role in managing water demand in the future. Similarly, water prices
can be adjusted to manage water demand, especially as a rationing function during
periods of shortages. For example, the price of water was raised 27 times over the
normal price during the 1988 water shortages in Santa Barbara, California, USA, to
deter uses other than the most essential ones (Ferguson & Whitney, 1996).

4.4 Water Balance

This section brings together the supply and demand for water to discuss the balance
of water. Water balance will be explored in the context of climate change and the
occurrence of extreme events (floods and droughts). Finally, a brief overview of the
weaknesses in water governance and policies will also be identified.

4.4.1 Equating Demand and Supply

Since 1960, Pakistan’s population growth rate has averaged at around 2.66%. The
relatively high population growth rate and rapid urbanization have resulted in
decreases in per capita water availability. Figure 4.5 shows the decreasing per capita
water availability along with the increasing population. Water availability per capita
was 5650 m? in 1951, which declined to around 1000 m* by 2010 and is projected
to be 800 m? by 2025 (Yu et al., 2013). At the current level of per capita water avail-
ability, periodic water shortages are expected, whereas based on the 2025 projec-
tions, the country could soon face water scarcity (Larsen, 2011). So the gap between
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Fig. 4.5 Per capita water availability in Pakistan (m® per capita per year). (Source: WWF-
Pakistan., 2007). Released as CC-BY

the demand and supply of water is expected to increase—a huge concern for the
country.

4.4.2 Water Balance and Climate Change

Parry et al. (2017) consider the climate change scenario for the projected sectoral
water demands in 2030 and 2050. In this scenario, Parry et al. (2017) assume an
increase of 3 °C in the average temperature which increases agricultural water
demand by 6% in 2025 and 12 to 15% in 2050. As shown in Table 4.10, in the pres-
ence of climate change, compared to actual water demand in 2015, agricultural
water use will increase by 8.4 and 26.9% in 2030 and 2050, respectively, whereas
domestic use will increase by 49.0 and 109.8%. Total water demand in 2030 will
increase by 9.6% and by 21.7% in 2050 in the climate change scenario.

Yu et al. (2013) consider a broader range of climate change scenarios—inflows
range from 10 to 90% exceedance probability and the crop water requirement cor-
responds to an increase in temperature ranging from 1° to 4.5 °C—to generate pro-
jections using computable general equilibrium and Indus Basin Model Revised.
Figure 4.6 presents the estimated results and shows that, on average, GDP, agricul-
tural GDP, and household income will annually decline by 1.1, 5.1, and 2.0%,
respectively. In the most severe conditions—inflows at 90% exceedance probability
and a 4.5 °C increase in temperature—the annual decrease in GDP, agricultural
GDP, and household income is calculated to be 2.7, 12.0, and 5.5%, respectively.

These two projection results indicate the pressure climate change can pose on
economic activity and future water demand, further worsening the gap in the
demand and supply of water.



108 S. Ahmad and G. Ahmad

Percent change
i‘ | | | 1
(=] [=+] L)) - ] [=1
L 1 1 1 L ]

L
[

GDP Ag-GDP " Household income

Fig. 4.6 Boxplots for impacts of climate change scenarios on GDP, agricultural GDP, and house-
hold income with second and third quantiles shown in orange and blue, respectively. CC-BY-3.0:
(Source: Yu et al., 2013)

4.4.3 Role of Extreme Events: Floods and Droughts

In addition to the issues of a widening gap between demand and supply, and the
effects of climate change, Pakistan also faces a declining per capita water storage.
Figure 4.7 presents the projections of per capita water storage in Pakistan measured
in m? per capita per year from 2020 to 2100. The per capita water storage decreases
from around 140 m? per capita to roughly 70 m? per capita over 80 years, even when
construction of additional storage is considered (Yu et al., 2013). This indicates that
constructing additional infrastructure for water storage is not the solution for declin-
ing water storage.

Floods are particularly common in Pakistan because of the heavy monsoon rains
over the Indus Basin. The flood of 2010 affected around 20 million people, with
aftereffects lasting around 6 months (Ali et al., 2020). Since mid-June 2022, mon-
soon rains have caused urban and flash floods, landslides, and glacial lake outburst
floods (GLOF) across Pakistan affecting more than 33 million people, with over 1.1
million houses damaged or destroyed, resulting in more than 1300 fatalities, and
injuring more than 12,700 people by the beginning of September 2022, according to
the National Disaster Management Authority of Pakistan. Droughts are also com-
mon, and they can affect agriculture, forestry, livestock, fisheries, banking, energy,
transportation, inflation rate, and unemployment (Mazhar et al., 2015). The lower
storage per capita worsens the impacts of floods and droughts. This concern may be
more apparent by comparing Pakistan’s storage capacity with that of other semi-
arid countries as provided in Fig. 4.8. This figure shows that the USA has the high-
est per capita water storage among semi-arid countries, with around 40 times the per
capita water storage in Pakistan.
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4.4.4 Weaknesses in Water Governance and Policies

In Pakistan, the water sector faces various institutional and policy challenges. These
challenges include the need for sectoral integration (water, agriculture, environ-
ment, climate, etc.) across the country, national and provincial coordination, and
resolution of interprovincial water conflicts.
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The government has attempted to respond to these issues by establishing the
Water And Power Development Authority (WAPDA) as a semi-autonomous agency
and founding the Indus River System Authority (IRSA) for coordination between
the provinces and the federal government and institutions. Moreover, the Planning
Commission’s Vision 2030 (GPPC, 2007) and reports of the task force on food
security (GPPC, 2009) and climate change (GPPC, 2010) provide integrative analy-
ses and recommendations.

Even with existing efforts, a lot more coordination and integration are needed
across institutions along with the resolution of interprovincial conflicts to deal with
the substantial issues of climate change and water, and their implications for the
agricultural sector. The policy challenges are further complicated by various pres-
sures and institutional shifts in the Indus Basin. The floods, droughts, and earth-
quakes have resulted in the establishment of national and provincial disaster
management agencies which, however, are inadequate. Additionally, because of
growing concerns regarding climate change, a national climate change policy was
adopted in 2012 and, subsequently, the Ministry of Climate Change was
created (Yu et al., 2013). These developments are promising but water and
agricultural institutions still require additional capacity-building, integration, and
coordination.

These changes occurred during the constitutional devolution from the national
to the provincial level under the 18th amendment which was passed in 2010. This
devolution requires stronger policy linkages and coordination between the fed-
eral water sector and the provincial agricultural and irrigation sectors. Moreover,
adaptations to climate change should increasingly rely on provincial planning,
management, and governance. Most of the development plans (national and pro-
vincial) continue to focus on the role of infrastructure to address such challenges
even though recent studies have identified the increasing importance of improv-
ing irrigation efficiency, yields, and the irrigation revenue system especially
since these relate to climate change adaptation. Water management plays an
important role in agricultural productivity; however, this relationship is not com-
prehensively addressed in federal and provincial planning, which should be tack-
led in future policies related to irrigation, agricultural, and climate change
policies.

4.5 Water Treaties and Accords

This section focuses on the Indus Water Treaty (IWT) of 1960 and the Water
Apportionment Accord of 1991. The specifics of these are discussed briefly along
with the current gaps that can be improved in the future.
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4.5.1 Indus Water Treaty

After the independence of the subcontinent in 1947, east and west Punjab became
part of India and Pakistan, respectively. Moreover, the states of Jammu and Kashmir,
which cut across the head of the tributaries to the Indus, were placed in transitional
status. This resulted in uncertainties for the development of both Pakistan’s and
India’s irrigation systems. After intensive negotiations, with assistance from the
World Bank, the countries agreed on the IWT in 1960 which led to a massive engi-
neering and investment framework for the IBDP in Pakistan (Michel, 1967). Under
the IWT, the eastern rivers of the Beas, Sutlej, and Ravi were allocated to India, and
the western rivers of Chenab, Jhelum, and Indus were assigned to Pakistan. The
treaty also provided specifications for any future upstream development of the
Chenab, Jhelum, and Indus rivers (Yu et al., 2013).

The IWT and IBIS have reshaped the IBIS by enabling the construction of
replacement works (which move water from the western rivers to the eastern rivers)
in Pakistan, including the Mangla and Tarbela dams and link-canals to transfer
inflows from the western half of the Indus Basin to canal commands that were for-
merly supplied by the eastern half (Wescoat et al., 2000).

4.5.2 Pakistan Water Apportionment Accord

The Water Apportionment Accord was agreed on by the provinces in 1991 to resolve
interprovincial water conflicts. The Accord distributed the annual flows between the
provinces based on a 5-year record of pre-Accord historical canal diversions.
Assuming an average annual flow of 141.05 km? in the IBIS, the Accord allocated
69.0 km? to Punjab, 60.15 km? to Sindh, and the remaining 11.90 km? to be split
between KPK and Balochistan (Mustafa & Wrathall, 2011). The seasonal distribu-
tion of the allocations to the provinces, based on the Accord, is provided in
Table 4.11. Additionally, according to the Accord, Punjab, Sindh, Balochistan, and
KPK will receive 37, 37, 12, and 14%, respectively, of the water exceeding
141.05 km?® in any year. The Accord also set up IRSA, in 1992, to regulate and
monitor the distribution of water resources to the provinces from the IBIS.

Table 4.11 Water allocation based on the Water Apportionment Accord (km?®). Source: Mustafa
and Wrathall (2011)

Province Kharif Rabi Total

Punjab 45.73 23.28 69.01
Sindh 41.86 18.28 60.14
KPK 4.29 2.84 7.13
Balochistan 3.52 1.26 4.78
Total 95.40 45.66 141.06




112 S. Ahmad and G. Ahmad
4.5.3 Gaps in the Water Treaties and Accords

Over time, the IWT has faced various challenges and pressures over the develop-
ment of the upper basin to the eastern rivers (World Bank, 2012). For the case of the
Baglihar Dam on the Chenab river, a neutral expert was appointed for resolution of
the matter between the two countries in 2007. Similarly, the International Court of
Arbitration was summoned to address Pakistan’s concerns about the Kishanganga
project in 2010. So far, the IWT seems to have worked reasonably even with the
increase in the scale of hydropower generation in India and Pakistan. However, the
IWT is expected to be tested again amid growing concerns of climate change result-
ing in issues related to food and water security across the two countries.

While the Water Apportionment Accord has provisions to allocate flows exceed-
ing 141.05 km?® between the provinces, it does not specify the mode of operation
during periods of extremely low flow or the possibility of negotiated transfers
among the provinces. This is concerning because, as shown in Table 4.3, in one-in-
ten years the inflows to the IBIS will be lower than 141.05 km?.

Another issue with the Water Apportionment Accord is that IRSA does not have
effective methods and processes in place to regulate its political, technical, and
administrative roles. This was observed in 2010 when IRSA was almost dissolved
after rising tensions led to various resignations.

4.6 Water in the Regional Context

Water-related issues are discussed for the South Asian region with a focus on
Afghanistan, Bangladesh, India, and Pakistan. Some data is provided to understand
the current water scenario in these countries along with providing historical trends.
Finally, regional successes are provided that can potentially be adopted in other
countries of the region for an improved water outlook.

4.6.1 Water Resource Planning for Regional Sustainability

Water resource planning and management is a key developmental challenge in
South Asia. The region is densely populated and extremely vulnerable to climate
change. South Asia houses around 24% of the global population but contains only
4.6% of the world’s renewable water resources (Hirji et al., 2017). The main chal-
lenge is a reliable supply of water for domestic, industrial, and agricultural use for
sustaining economic growth, a growing population, urban areas, and rural liveli-
hoods, especially in the presence of variable river flows. Due to water-related losses
in agriculture, health, income, and damage to human settlements and infrastructure,
the GDP growth in South Asia could decline by as much as 6% by 2050 (Hirji et al.,
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Table 4.12 Ranking of climate change-related risks. Source: Hirji et al. (2017)

Country High-risk level Medium-risk level Low-risk level
Afghanistan | Flash flood Drought Glacial Lake outburst
Landslide Erosion/siltation flood
Riverine flood Groundwater depletion Storm/inland storm
Bangladesh | Riverine flood Erosion Flash flood
Storm/cyclone Drought Landslide
Coastal floods Groundwater depletion
Siltation Coastal aquifer
salinization
Bhutan Landslide Erosion/siltation Storm/inland storm
Flash flood Riverine flood Groundwater depletion
Glacial Lake outburst Drought
flood
India Drought Landslide Glacial Lake outburst
Riverine flood Storm/cyclone flood
Flash flood Coastal aquifer Erosion/siltation
Groundwater depletion salinization
Nepal Glacial Lake outburst Drought Riverine flood
flood Erosion/siltation Storm/inland storm
Flash flood Groundwater depletion
Landslide
Pakistan Drought Riverine flood Coastal flood
Groundwater depletion Glacial Lake outburst Storm/cyclone
Landslide flood
Flash flood
Erosion/siltation
Groundwater salinization
Sri Lanka | Storm/cyclone Flash flood Groundwater depletion
Riverine flood Landslide
Coastal flood Erosion/siltation
Drought
Coastal aquifer
salinization

2017). Moreover, climate change is a major concern in the region where each coun-
try faces a different climate change risk profile. Table 4.12 gives the rankings of the
risks for these countries based on water-related extreme events in the past. However,
it does not include the gradual changes that may arise due to climate change
over time.

Improved water resources planning and management require that the region’s
existing water resources be used more efficiently. This may include improved water
use efficiency, recycling and reuse, emphasis on demand management, and regulat-
ing the use of surface and groundwater. Moreover, a cost-effective adaptation oppor-
tunity exists in the South Asian region where the massive natural storage of the
aquifers can be used effectively to deal with water shortages. However, this would
require a proper understanding of the existing resources, managing and regulating
the groundwater recharge, storage, and discharge, and protecting the groundwater
quality.
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4.6.2 Water Scenarios in Afghanistan, Bangladesh, and India

Compared to Pakistan, per capita water availability in Afghanistan, Bangladesh, and
India is better. Based on the water availability per capita in 2015, provided in
Table 4.13, India and Pakistan were water-stressed whereas Afghanistan and
Bangladesh were not. The situation in India and Pakistan suggests the occurrence of
periodic water shortages in the countries (Larsen, 2011).

The annual water usage in these countries, by sector and source, is provided in
Table 4.14.

The data shows that agricultural use makes up most of the water consumption in
Afghanistan, Bangladesh, India, and Pakistan; highest for Afghanistan at 98% and
lowest for Bangladesh at 87.7%. Industrial water use is low in these countries with
a maximum of 2.23% for both Bangladesh and India. In terms of water sources,
Afghanistan, India, and Pakistan largely rely on surface water use which makes
roughly 82, 70, and 66% of total water use, respectively, whereas surface water only
makes around 21% of the total water use in Bangladesh. Even though Bangladesh
relies heavily on groundwater, it only makes up around 2% of the total renewable
water resources compared to 34, 53, and 24.8% for Afghanistan, India, and Pakistan,
respectively.

Table 4.13 Per capita water availability (m? per capita per year) in Afghanistan, Bangladesh,
Pakistan, and India in 2015. Source: World Bank (2016) Investment Reality Check, and FAO
Aquastat

Per capita water availability (m? per capita per
Country year)
Afghanistan 2008
Bangladesh 7622
India 1458
Pakistan 1306

Table 4.14 Water usage in Afghanistan, Bangladesh, India, and Pakistan (km® per year). Source:
World Bank (2017)

Afghanistan Bangladesh India Pakistan
Agricultural water use 20.0 31.5 688.0 172.4
Industrial water use 0.2 0.8 17.0 1.4
Domestic water use 0.2 3.6 56.0 9.7
Total water use 20.4 35.9 761.0 183.5
Surface water use 16.7 7.4 531 121.9
Groundwater use 3.7 28.5 230 61.6




4 Water Supply and Demand: National and Regional Trends 115
4.6.3 Historical Trends of the Region

The available data on freshwater resources for Afghanistan, Bangladesh, India, and
Pakistan was retrieved from Our World in Data. Figure 4.9 shows the available data
on total water use in km? per year. It shows that total water use has increased mar-
ginally for Pakistan, has increased significantly for India, while the trend is incon-
clusive for Bangladesh and Afghanistan due to lack of data.

Figure 4.10 shows the trend of per capita water use in m? per capita per year. It
shows that per capita water use has declined in Pakistan and decreases marginally
for India. However, this figure does not highlight whether this decline in water use
is due to lower demand or lower supply of water. Thus, it is important to observe the
trend for renewable water resources in these countries.

Figure 4.11 shows the per capita renewable internal freshwater resources which
refer to the renewable water resources from internal river flows and groundwater
from rainfall. This shows a significant decline in the availability of internally gener-
ated water resources for the four countries since 1962. However, the figure excludes
externally generated water resources, which can be misleading since internally gen-
erated water resources make roughly 72.3, 8.6, 75.7, and 22.3% of total renewable
water resources for Afghanistan, Bangladesh, India, and Pakistan, respectively
(FAO, 2019).
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Fig. 4.9 Total water use (km? per year) for Afghanistan, Bangladesh, India, and Pakistan. (Source:
Our World in Data-CC-BY-4.0)
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Fig. 4.11 Per capita renewable internal freshwater resources (m* per capita per year) in
Afghanistan, Bangladesh, India, and Pakistan. (Source: Our World in Data-CC-BY-4.0)

4.6.4 Comparative Study of Regional Successes and Gaps

To combat issues related to climate change, Bangladesh, India, and Pakistan have
adopted different varieties of crops. The salinity of soil is a growing concern for
Bangladesh, especially in the coastal agricultural areas. To deal with this situation,
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Bangladesh has utilized high-yielding and salt-resistant rice varieties: CSR 26 and
CSR 43 (Aryal et al., 2020). Similarly, India has introduced short-duration varieties
of pigeon pea, soybean, wheat, and sorghum, which has increased the yield by 75,
15, 27, and 91%, respectively (Sonune & Mane, 2018). India has also relied on crop
selection to deal with various climate change-related issues. For example, by grow-
ing sorghum in areas at a higher risk of droughts and leguminous crops in areas that
are subject to erosion or excess flooding to supplement nitrogen in the soil (Satapathy
etal., 2011). In Pakistan, several varieties of maize have shown reasonable tolerance
to heat along with higher grain yield per unit area, compared to the regular variety
of maize, under high-temperature conditions (Rahman et al., 2018). However, fur-
ther improvements are still needed as other crop varieties can greatly benefit the
region, especially with drought-resistant varieties of rice (Mottaleb et al., 2017;
Reyes, 2009).

Rainwater harvesting is another farming practice that can help with irrigation in
areas that have a water deficit. This is practiced in India (Satapathy et al., 2011) and
almost 35% of the households in the coastal areas of Bangladesh rely on it (Ferdausi
& Bolkland, 2000). Farmers in the riverine areas, Kirthar Range, and Tharparkar
desert of Pakistan use spate irrigation, which relies on the seasonal floods to fill
water storage canals, which are then used for irrigation purposes.

Aside from relying on different crop varieties, cropping patterns, or alternate
methods of irrigation, some technical and agro-ecological adjustments have also
been adopted. In Afghanistan, the Participatory Management for Irrigation System
project has experimented since 2007 with the System of Rice Intensification (SRI)
to replace the highly water-consumptive traditional method of rice cultivation. The
SRI is a water-saving method which uses 25-47% less water (Barah, 2009; Wu
etal., 2015; Reeves et al., 2016), which is used to enhance productivity of irrigated
rice by changing the management of water, soil, and eliciting greater root growth.
This can be adopted by upstream farmers to increase water availability for down-
stream farmers. Moreover, rice grown using the SRI matures quicker and is more
resistant to heat, drought, and floods (Wu et al., 2015). In 2009, the farmers using
the SRI method had an average yield of 9.3 tons per ha, which was substantially
greater than the yield from traditional rice farmers (Thomas & Ramzi, 2011).
Similarly, India has also relied on the SRI for rice farming (Barah, 2009). Aside
from the SRI, in the Haryana and Punjab provinces of India, farmers have adopted
laser land leveling to cope with the variability of rain and declining groundwater.
Laser land leveling can substantially improve the efficiency of water use, by ensur-
ing even coverage of water, which is why laser land leveling has become particu-
larly popular in the irrigated systems of India that grow rice and wheat (Jat et al.,
2015; Aryal et al., 2015).

A major water-related gap in the region is the absence of joint efforts to deal with
climate change-related issues. These countries rely on the perennial rivers
(Brahmaputra, Ganges, and Indus) emerging from the Himalayas. Therefore,
regional cooperation and integration of climate change policies and adaptations can
better resolve water scarcity issues. However, this would require a suitable and
acceptable institutional framework to develop cooperation and policy linkages
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across the countries to manage and reduce the future impacts of climate change
(Mirza et al., 2019).

4.7 Conclusion

For a comprehensive appreciation of water-related issues and the vulnerability of a
country or region to climate change, it is imperative to understand the current situa-
tion of supply (based on the water resources) and demand (based on water use from
different sectors) for water. This helps in identifying future issues and concerns
especially related to climate change.

Identification of these issues is the first step in devising climate change adapta-
tion to ensure sustainable economic growth, food security, and water security. In
this context, the approach should be regional rather than country-specific due to the
transboundary nature of the water resources. The next step is recognition of the suc-
cesses and lessons learned in the region that can be utilized in improving the situa-
tion in other countries of the region.
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Chapter 5
Water Quality and Salinity

Muhammad Ashraf, Saiqga Imran, and Abdul Majeed

Abstract Water quality is one of the most important factors for any sector that uses
water. However, despite its importance, it has been grossly neglected in Pakistan.
This deterioration in water quality has caused human and animal health to suffer,
land and water productivity to decline, and Pakistan’s ability to support aquatic
wildlife to decrease. The causes of this deterioration are easy to understand. They
include the disposal of untreated wastewater into freshwater bodies and healthy
ecosystems, a lack of understanding by both the general public and the institutions
responsible on how to prevent and mitigate the effects of declining water quality,
prolonged use of low-quality groundwater and, above all, poor water governance.
Since the economy is largely dependent on agriculture, which consumes the most
water, using poor-quality water for agriculture is a major threat to Pakistan’s
economy. Since approaches focused on engineering have not successfully or
sustainably managed salinity—because of environmental issues and large O&M
costs—it is time to learn to ‘live with salinity’. This approach involves managing
salinity below the root zone and using saline agriculture and saline aquaculture
techniques in affected areas to improve productivity to support livelihoods.
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5.1 Introduction and Context

Pakistan has one of the largest contiguous irrigation systems in the world, irrigating
about 17 Mha of land. This extensive network has helped develop one of the largest
alluvial aquifers in the world after China, India, and the USA, and supplements
irrigation supplies by over 60% and domestic water supplies by over 93%. Almost
100% of industrial water also comes from it. Groundwater has significantly
contributed to increasing the overall cropping intensity in Pakistan from about 63%
in 1947 to over 150% in 2015 (Khan et al., 2016).

The country is fast becoming water scarce, as annual per capita water availability
has decreased from 5000 m® in 1947 to less than 1000 m? in 2005 (Ashraf, 2016).
Water quantity and quality are closely linked and any reduction in water quantity
has a direct bearing on overall water quality. Because of climate change, the
increasing spatial, temporal and spatio-temporal variations in surface water supplies
are stressing groundwater resources, leading to the salinization of irrigated areas
(Ashraf, 2021). Disposal and use of untreated wastewater from municipal, industrial,
and agricultural activities is one of the major sources of pollution. The twin menaces
of waterlogging and salinity in the Indus Basin, which have prevented Pakistan from
reaching optimal levels of land and water productivity, have already made millions
of hectares of previously productive irrigated lands unproductive. The government
has taken several measures—engineering-based, institutional, and legislative—to
control the situation. This chapter describes the current status of surface and
groundwater quality, the implications of deteriorating quality on ecosystems, the
underlying issues—including the history and efforts to meet the challenges faced by
the country—and suggestions for the way forward.

5.2 Situation Analysis

5.2.1 Groundwater Quality

The Indus Plain, covering about 20 million hectares (Mha), has one of the largest
reservoirs of groundwater in the world. Yet it is being contaminated in many ways.
Contaminated water is being disposed of in open areas, contaminants are seeping
into groundwater through deep percolation, saline water and drainage effluents are
being dumped into canals, and saline water is moving into freshwater zones.

In Pakistan, groundwater is contaminated from both point and non-point sources.
One of the major point sources of contamination is disposal of untreated industrial
and domestic waste in open ponds and water bodies. The major non-point pollution
source comes from indiscriminate use of heavy amounts of fertilizers and pesticides/
herbicides, which continuously adds heavy metals, trace elements, and organic
contaminants to aquifers and surface water bodies. Solid municipal waste sites in all
cities are a permanent source of organic and biological pollution. Liquid and solid



5 Water Quality and Salinity 125

domestic waste sites not only cause environmental hazards but also become hotspots
for all kind of epidemics. The irony is that, in the absence of any safe disposal
facilities, highly hazardous hospital waste also finds its way into open water bodies
and groundwater.

Environmental protection departments have issued guidelines on how to manage
hazardous and domestic waste. Similarly, industrial units are encouraged to install
effluent treatment plants, so that these effluents do not contaminate water directly or
indirectly. Unfortunately, these efforts have not been very successful, mainly
because of ineffective regulations, poor implementation, and little information
about the nature and extent of industrial effluents and illegally installed industrial
units. There is no restriction on chemical factories that prevents them from
discharging their effluents directly without treatment. However, recently in the
Kasur district, the government of Punjab has commissioned a treatment plant to
treat effluents from tanneries.

The native groundwater in the Indus Plain is saline because of its marine origins.
Seepage from conveyance and irrigation networks has deposited freshwater layers
of varying depth over the deeper saline groundwater. The depth of fresh groundwater
increases when it is closer to the recharging sources and decreases the further it is
from the recharging sources (Ashraf & Saeed, 2006; Ashraf et al., 2012; Igbal et al.,
2020). Pumping groundwater from such aquifers is a complex operation since
excessive pumping leads to the mixing of the deeper saline water with the upper
freshwater layers via up-coning. Using this saline-freshwater mix to irrigate is likely
to have disastrous effects on the soil and make it less productive. Despite this issue,
the growth of tubewells has mushroomed in the past few decades. While Pakistan
had 20,000 tubewells in 1960, there are now over 1.2 million. This indiscriminate
installation of tubewells, without any consideration of saline-freshwater interaction,
has disturbed the hydro-salinity balance in the Indus Basin. Moreover, in some
regions, groundwater abstraction has already surpassed safe annual yields, resulting
in a decline of the water table. Because tubewells are improperly designed and
installed, the cost to operate them increases and also leads to secondary salinization
(Ashraf et al., 2012). Unfortunately, there is no framework in place to regulate how
many tubewells are installed, their pumping capacity, or how many hours they
pump. Wells are drilled based entirely on the advice of local drillers and the wishes
of farmers. This has depleted groundwater and worsened water quality. Bhutta et al.
(2000) have reported that the water table was declining in 26 out of 43 command
areas because of excessive groundwater abstraction. Qureshi and Barrett-Lennard
(1998) reported that over 70% of tubewells in the Indus Basin were pumping
sodic water.

An estimated 28.2 tonnes of salts are annually brought to the surface through
extensive tubewell pumping. Since most of this pumping is in Punjab, salt
accumulation there is also higher (24.7 tonnes/year) than in Sindh (3.5 tonnes/year)
(Qureshi et al., 2008). In Pakistan, about 6.3 Mha are impacted by salinity in some
way or another, of which nearly half are irrigated agriculture. About 30% of this
area is in Punjab (Qureshi et al., 2008).
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Another one Mha are affected by waterlogging. Tarar (1995) reported that after
a monsoon, about 4.7 Mha (30% of the irrigated area) have groundwater levels
within the active root zone of 1.5 m. Punjab and Sindh have about 25% and 60%,
respectively, of their irrigated areas severely waterlogged. This rising water table in
turn may cause more waterlogging and soil salinity and increase drainage flow
downstream. This drainage water usually transports a variety of chemicals (salts,
pesticides, etc.) (Bos, 2004; Hussain et al., 2007).

Although salt accumulation in Sindh is much lower than in Punjab, there needs
to be more of an effort to eliminate salts through drainage and reclaim salinized
land. However, drainage water disposal is much more difficult in Punjab since the
drainage effluent is reused and then disposed of in evaporation ponds usually located
at the edge of irrigated lands. Moreover, drains can only handle a limited amount of
water because of their location and capacity. Disposing saline effluents in rivers
merely transports the salts further downstream where they can end up on irrigated
land at the tail end of the system. However, this is not an environmentally friendly,
long-term solution. On the other hand, since Sindh is close to the sea, this problem
can be managed. In Sindh, saline effluents are discharged into the sea via the Left
Bank Outfall Drain (LBOD) (Qureshi et al., 2008).

5.2.2 Surface Water Quality

River Water Quality Pakistan’s water comes from a variety of sources, including
rainfall, glacial melt, rivers, and groundwater. The upper reaches of the Indus River
are highly turbid and torrential. The flow of water in the Jhelum and Chenab rivers
decreases during the winter season with a corresponding increase in pollution. The
water quality of surface water bodies in the upper Indus, the western rivers and most
of the reservoirs, in spite of pollutants, was found to be acceptable both for drinking
(after treatment of microbial contamination and turbidity) and for irrigation.
However, in the eastern rivers water quality was not adequate because of the low
flow and high pollution load from domestic and industrial wastes from surrounding
cities, which increased the values of total dissolved solids (TDS), hardness, boron,
chemical oxygen demand (COD), biochemical oxygen demand (BOD) and total
coliforms, especially in the dry season. Similarly in low reaches of the Indus River
(below Thatta and Manchar Lake), the quality of drinking and irrigation water was
compromised because of pollution and higher salt content (Imran et al., 2022).

The Indus Waters Treaty of 1960 gave India full control of the eastern tributaries
of the Indus River—the Ravi, Sutlej and Bias—which reduced the flow in these
rivers and consequently increased pollution. In addition, the dumping of untreated
municipal and industrial waste from the surrounding areas into these rivers, through
12 major drains in the Ravi river and three drains in the Sutlej river, increased the
pollution load manyfold. The Hudiara Drain, originating from India, carries heavy
loads of industrial and domestic effluents from India as well as from Lahore, where
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more than 450 industrial units are pumping untreated toxic industrial effluents into
the drain at different points. This drain ultimately falls into the Ravi river at Manga
Mandi (Imran et al., 2018).

This has an extreme impact on the levels of TDS, hardness, boron, COD, BOD
and total coliforms in the rivers. The dissolved oxygen (DO) levels in the Ravi River
drops to zero during the dry season, in which no aquatic life can survive. Very high
concentrations of organochlorine pesticides (OCPs) were detected in the Ravi and
Sutlej rivers at the point the river enters Pakistan, as well as at the confluence of the
drain with the rivers, showing transboundry contamination (Imran et al., 2018).
However, the SAR and the RSC values of the eastern rivers were within irrigation
water quality standards in both seasons. The TDS level increased further downstream
and from the wet to the dry season, possibly because of the increased mineral
content downstream (Imran et al., 2022).

In Balochistan, no rivers have large perennial flows. In addition to the Indus
Basin, Balochistan has the Coastal Basin and the Closed Basin of Kharan. The
Coastal Basin is drained by the Hingol and Dasht rivers, while the Closed Basin is
drained by the Pishin-Lora and other smaller rivers. After heavy rains, these rivers
become raging torrents and so the quality of the surface water is still high. There are
no seasonal changes in water quality in this region as are evident in the Indus System
(Imran et al., 2022).

Water Quality of Reservoirs and Lakes Unlike flowing rivers, these water bodies
have some contaminants, such as heavy metals and persistent organic pollutants
(POPs), which settle with the suspended particles and are dissolved again whenever
the volume of water changes. Pakistan has about 60 lakes and some of them are
highly polluted. In Manchar Lake, many fish species have become extinct because
of the pollution and especially high salinity. Manchar Lake is one of the largest
living lakes in Asia. It is the floating village of Pakistan, and the only lake that is
home to generations of fishermen who have been living on wooden boathouses for
hundreds of years (Soomro et al., 2017). Other reservoirs and lakes are also facing
the same situation. Figure 5.1 shows seasonal trends in DO levels in Pakistan’s
reservoirs. Restoring these lakes will improve biodiversity for lake-dependent
species and promote ecotourism and agriculture.

Drinking Water Quality The Pakistan Council of Research in Water Resources
(PCRWR) has been monitoring drinking water quality in major cities in Pakistan
since 2002. Figure 5.2 shows the results for 29 of Pakistan’s major cities. According
to the survey, in 2002, more than 80% of samples were unsafe for human
consumption; even with a slight improvement after 2014, more than 60% of the
samples from major cities were not safe for human consumption (Fig. 5.2).

Bacteria, arsenic, nitrate, and fluoride were the major contaminants found.
Another survey was conducted by the PCRWR in the rural areas of Pakistan from
2004 to 2011. Table 5.1 shows that out of 14,000 samples collected, only 2550
(18%) were found to be safe.
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Fig. 5.1 Level of DO in major reservoirs in Pakistan. (Source: Imran et al., 2022)
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Fig. 5.2 Drinking water quality of major cities in the country. (Source: Rasheed et al., 2021)

The PCRWR also surveyed over 10,000 existing piped water supply schemes
from 2006 to 2012 throughout the country. About 72% of water supply schemes
were functional. Out of those 72%, only 23% in urban and 14% in rural areas were
providing safe drinking water (Ashraf, 2016). The major contaminants found were
microbiological with faecal coliform, arsenic, nitrate, and fluoride (Table 5.2).

Throughout Pakistan, about 57% of drinking water contamination is microbial
(Imran et al., 2016). The main causes of microbial contamination are anthropogenic,
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Table 5.1 Drinking water quality profile of rural areas (2004-2011). Source: Ashraf (2016)

‘ No. of water samples
Sr. Union Samples ~ Safe Unsafe
No. | Province Districts | Tehsils | councils | Villages | collected |No. |% | No. %
1 Punjab 12 49 1227 2090 10,440 218321 | 8257 |79
2 Sindh 3 12 54 149 745 212 |28 |533 72
3 KP 4 6 211 240 1200 89 |7 1111 |93
4 Balochistan |4 12 54 298 1465 05 0.3 /1460 |99
5 Federal 1 1 21 30 150 61 41 |89 59

Capital Area

Total 24 80 1567 2807 14,000 2550 18 | 11,450 | 82

Table 5.2 Water quality assessment of water supply schemes (2006-2012). Source: Ashraf (2016)

Water Surveyed water supply Samples safe

Districts supply schemes for drinking (%)
Province surveyed | schemes Total Urban | Rural | Functional | Urban Rural
Punjab 33 4100 3883 746 | 3137 | 2725 17 23
Sindh 22 1300 1247 123 | 1124 529 5 5
KP 16 3000 2203 474 11729 | 1710 63 26
Balochistan | 14 1600 1034 480 554 968 20 13
GB/AJK/ 10 2000 1794 18 1776 | 1379 8 2
FATA
Total 95 12,000 10,161 | 1841 |8320 (7311 23 14

such as open defecation, untreated municipal wastewater, dumping high fecal loads
in surface water bodies which cause contamination of groundwater sources through
deep percolation. This problem is exacerbated by the lack of treatment facilities at
water sources and distribution systems. High arsenic contamination was found in
the groundwater along the Indus Basin, particularly in southern Punjab and upper
and Central Sindh (Imran et al., 2016; Podgorski et al., 2017).

Other contaminants, such as nitrates and fluorides, in drinking water are also
commonly found (Imran et al., 2016). High levels of nitrates were detected in
groundwater sources near agricultural areas in the Khyber Pakhtunkhwa (KPK),
Rawalpindi, and Islamabad districts, especially in rural areas. One possible reason
for this is nitrates from fertilizers and animal manure leaching into the aquifer via
heavy rains or flood irrigation. The groundwater of rural areas in the Lahore and
Kasur districts, some areas of Balochistan, and the Thar and Cholistan deserts are
contaminated with fluoride. In these areas the alkaline pH is accelerating the
dissolution of fluoride in the groundwater.

Poor-quality drinking water is responsible for waterborne diseases, accounting
for about 50% of diseases and 40% of deaths in Pakistan, according to community
health studies (Daud et al., 2017). These diseases are particularly dangerous for
children under the age of five. In 2017 alone, diarrheal diseases caused 74,647
deaths, almost half of which were children under the age of five (Ritchie et al.,
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2018). And this public health crisis is responsible for an economic loss of 25-28
billion PKR annually—approximately —1.44% of the country’s GDP (Bashir
et al., 2021).

5.2.3 Waterlogging and Salinity

Salinity and waterlogging are usually referred as irrigation-induced problems and
generally occur together. However, they are actually two rather different processes
that do not always happen simultaneously. For instance, irrigation during the rainy
season may lead to waterlogging with no salinization, whereas salinization may
occur with no waterlogging when there is insufficient fresh water to counteract
leaching and/or there is no drainage. Both problems impact surface and groundwater
quality.

Waterlogging and salinity are major bottlenecks to raising land and water pro-
ductivity to optimal levels. Moreover, secondary salinization caused by shallow
groundwater tables and the use of poor-quality groundwater for irrigation has
further aggravated the problem of salinity. The problem was most serious in the
1970s—-1980s, when 20-30% of irrigated land was at risk of lost productivity.
(Bhutta & Smedema, 2007).

Waterlogging is more harmful to crop production when there is a shallow saline
groundwater table because salts build up in the soil surface through capillarity. Over
1.30 Mha of the country’s irrigated land is estimated to have severe surface salinity
with 20% affecting lands in Sindh and less than 2% in Punjab. In 2010, between
20,000 ha and 40,000 ha of cultivated land was reported to have been lost (Anjum
et al., 2010). Out of the 79.61 Mha of Pakistan’s total area, 4.5 Mha are salt-affected
(Aslam, 2016; Qureshi & Perry, 2021).

5.3 Infrastructure Development

In 1975, the Drainage and Reclamation Institute of Pakistan (DRIP) of the PCRWR
was established with the mandate to conduct research on salinity control, land
reclamation, irrigation, drainage, and seawater intrusion. DRIP played an important
role in mitigating these twin issues (waterlogging and salinity) in the Lower Indus
Plain (LIP) and worked extensively on horizontal (tile) drainage systems between
1985 and 2017. Apart from tile drainage, the Institute has conducted different
research studies on the reclamation of salt-affected soils and conjunctive management
of water (1989-2011).

The government enacted several laws including the WAPDA Act of 1958, the
Provincial Irrigation and Drainage Authorities Act of 1997, and the Pakistan
Environmental Protection Act of 1997 and initiated six salinity control and
reclamation projects (SCARPs) and Left Bank Outfall Drain & Right Bank Outfall
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Drain projects. The International Waterlogging and Salinity Research Institute
(IWASRI) was created in 1986 under WAPDA primarily to conduct research and
gather scientific information on waterlogging and salinity. This had been preceded
by various other institutions/projects like the Mona Reclamation Experimental
Project (MREP), SCARPs Monitoring Organization (SMO), and the Lower Indus
Water Management and Reclamation Research Project (LIM).

The 18th Amendment to the Constitution of Pakistan turned water into a provin-
cial matter. A variety of institutions—including tehsil municipal administrations
(TMAs), water and sanitation agencies (WASAs), public health engineering depart-
ments (PHEDs), and provincial environment protection departments (PEPD)—are
responsible for managing the water quality in their respective provinces, with the
Capital Development Authority (CDA) managing water quality in the Islamabad
Capital Territory (ICT). While provincial irrigation departments do handle salinity
to a certain extent, there is no dedicated department at the provincial level that is
responsible for managing it.

At the federal level, PCRWR and IWASRI are working on water quality and
salinity research. While PCRWR maintains a database on drinking water, surface
water, and groundwater quality (including salinity) at the national level, IWASRI
and its subsidiary organizations maintain an extensive database on waterlogging
and salinity.

Based on research conducted in the country in 1950s, tubewells and surface and
subsurface drains were installed between the 1960s and 2000 to control waterlogging
and salinity. The government has promoted using gypsum, acids, and organic matter
to reclaim sodic soils. Over the last few decades, there has been research on saline
agriculture such as how to profitably integrate the natural abilities of plants, animals,
fish, and insects and how to improve agricultural practices. However, the fruits of
this research have not been able to reach farmers because of poorly administered
extension services. Therefore, farmers need to be properly trained and there should
be mechanisms in place to effectively disseminate knowledge on how to reclaim
sodic soils.

5.4 Projects to Control Waterlogging and Salinity

Various types of drainage projects from the 1960s onward were undertaken to con-
trol waterlogging and salinity. They are briefly described below:

5.4.1 SCARP Projects

SCARPs were introduced to reduce waterlogging and salinity by pumping ground-
water to lower water tables (SCARP I to SCARP VI). In fresh groundwater (FGW)
areas, tubewells were installed both as drainage and as additional irrigation.
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However, in saline groundwater (SGW) areas, drainage tubewells were installed.
On the left bank of the River Indus in Sindh, Scavenger Wells (SW) were installed,
separately pumping freshwater for irrigation and saline water for drainage. In areas
where tubewells were not feasible, sub-surface tile drainage systems were installed
to control waterlogging and salinity (Table 5.3).

5.4.2 SCARP Transition Pilot Project

The 14.9 million dollar SCARP Transition Pilot Project (STPP) was implemented
from 1987 to 1990 in the SCARP I area of Khanqah Dogran, Punjab. The objective
was to reduce the financial burden of SCARP Projects on the government by
transferring the responsibility for fresh groundwater pumping in the SCARP area
from the public to the private sector. The SCARP tubewells were gradually replaced
by private tubewells.

5.4.3 National Drainage Program

The National Drainage Program (NDP) was launched with the goal of minimizing
drainage surplus and facilitating the eventual evacuation of the saline drainage
effluent from the Indus Basin to the Arabian Sea. The program component included
institutional reforms, sector planning, research, investment, coordination, and
supervision (Table 5.4).

Table 5.3 Summary of SCARP Projects. Source: (Basharat & Rizvi, 2016)

‘ Subsurface drainage

Gross Surface Tubewells (Nos.) Tile drainage

area CCA |drains ID | Length |Area(Ma)
Province (Mha) | (Mha) | (km) FGW |SGW | SW | (km) | (km) GCA |CCA
Punjab 4.19 3.73 3402 8065 | 1985 |- |6 2810 0.1 10.07
Sindh 2.72 2.31 9031 4190 | 1587 361|154 |2046 0.04 |0.04
KPK 0.36 0.36 971 491 - - 7756 0.27 10.06
Balochistan | 0.07 0.07 322 - - - - - -
Total 7.35 6.39 13,726 12,746 | 3572 | 361 | 160 |12,612 0.40 |0.16

FGW Fresh Groundwater, SGW Saline Groundwater, SW Scavenger Wells, ID Interceptor Drains
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Table 5.4 Major activities under NDP
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Activities Extent of work
Remodeling/Extension of existing surface drains 10,000 km
Number of saline groundwater wells rehabilitated/replaced 1150
Installation of pipe drains in new areas 100,000 ha
Number of watercourses lined in saline groundwater areas 1050
Construction of interceptor drains 400 km
Reclamation of waterlogged-areas through biological drainage 16,000 ha
Number of tubewells installed in fresh groundwater areas transferred to 1500
farmers
Rehabilitation and modernization of canal command in pilot areas One in each
province
Mobile pump stations 3,10

5.4.4 Private Sector Groundwater Development

The private sector groundwater development project (PGWD) (1997-2001), worth
33.5 million USD, aimed to increase the scope and productivity of Punjab’s
irrigation and drainage subsector and increase farmers’ incomes. Over 6700
community tubewells (CTWs) were set up and independent monitoring declared
85% of these to be “successful.” Two thousand Water User Associations (WUAS)
were established. Promising new agricultural technologies have been introduced to
conserve resources, such as zero tillage for wheat on 60,000 ha (over 2800 sites),
and laser-guided land levelling on 22,250 hectares.

5.4.5 Left Bank Outfall Drain Project (LBOD)

The Left Bank Outfall Drain (LBOD) provides drainage disposal for an area of
516,000 ha and subsurface drainage for about 392,000 ha on the left side (east bank)
of the Indus river at the cost of US $150 million from 1986 to1997. The project
comprised: (i) remodeling and completion of the main outfall drain to the sea; (b)
construction of surface and subsurface drainage systems over about 970,000 ha; (iii)
remodeling and rehabilitation of associated irrigation works; (iv) consulting services
and training; and (v) a monitoring and impact evaluation. This project involved the
construction of 1950 km-long surface drains, 2000 tubewells, 5000 structures, and
2000 km-long buried pipes for subsurface drainage and improvement in irrigation
supplies (Qureshi et al., 2008). Under the LBOD project, 361 scavenger tubewells
were installed in two districts (Nawabshah and Sanghar) in Sindh at a cost of
US$12.75 million which was funded by the World Bank.
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5.4.6 Right Bank Outfall Drain Project (RBOD)

The Right Bank Outfall Drain (RBOD) was a long-term project to drain out sewer-
age and water from towns and agricultural lands on the right bank of the River
Indus. It was designed to dispose of saline water directly into the Sea. However, the
project was never completed because of issues such as land acquisition, stakeholder
conflicts, and price increases.

5.5 Outcome and Impacts of Drainage Projects

In addition to controlling waterlogging and salinity, the SCARP tubewells provided
additional irrigation water. The additional water and the associated drainage
increased cropping intensity from 84% to 115% in most SCARP areas. Qureshi
et al. (2008) presented a detailed review on the causes, sources, and levels of
waterlogging and salinity in the Indus Basin. While drainage systems were initially
effective in lowering water tables, poor operation and maintenance and insufficient
disposal facilities to drain saline effluent hindered its long-term success. Later on,
there were more problems with sump pumps not working and the blockage of
surface drains. However, the lack of farmers’ participation, high operating costs,
frequent energy failures, and repeated waterlogging resulted in the shutting down of
these tubewells. The STPP, NDP, LBOD, and RBOD were only partially successful
because of poor planning, a lack of coordination among the stakeholders, and the
absence of participatory and integrated approaches. In a nutshell, while tubewells,
tile drains, and surface drain systems solved many of the area’s waterlogging
problems, overall there have been various sustainability issues with these solutions.
Most of these stem from poor operation and maintenance and lack of participation
and ownership from farmers in these interventions.

5.6 Policies and Standards

Policies are the guiding principles when solving problems and Pakistan is very good
at developing policies. However, the implementation of these policies leaves much
to be desired. Following we give details of some policy documents and policy
instruments which directly or indirectly relate to water quality and salinity.
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5.6.1 Pakistan Water Vision 2025

Pakistan’s Water Vision 2025 addresses issues of water security and aims to increase
water storage capacity, improve agricultural efficiency by 20 percent, and ensure
that all Pakistanis have clean drinking water by 2025.

5.6.2 National Water Policy, 2018

The National Water Policy, adopted in 2018, highlights the importance of monitor-
ing water quality across the country through a well-established network, developing
water quality zones, protecting water bodies, recycling and reusing wastewater, and
applying the “polluter pays” principle. The policy places special emphasis on
solving waterlogging and salinity concerns by using a holistic approach at the basin
level, developing a national surface drainage system, and reusing drainage effluent.

5.6.3 National Drinking Water Policy, 2009

In September 2009, the government of Pakistan approved the National Drinking
Water Policy, the goal of which is to provide safe drinking water to every Pakistani
by 2025 affordably, efficiently, and sustainably. This will improve quality of life by
reducing the incidence of death and illness caused by waterborne diseases.

5.6.4 National Environmental Policy, 2005

In 2001, the Pakistan Environment Protection Council approved the National
Environmental Action Plan (NEAP), to address environmental problems including
air pollution, water and sanitation, land, forestry and climate change. The National
Environment Policy, prepared under NEAP and published by the Ministry of
Environment in 2005, provides an overarching framework for addressing the
pollution of freshwater bodies and coastal waters. It also aims to protect, conserve,
and restore the country’s environment in order to improve quality of life through
sustainable development. In addition, it issues guidelines on how different sectors
can take action.
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5.6.5 Environmental and Water Quality Standards

National Environmental Quality Standards (NEQS) were established in 1993. They
became effective in the year 2000 after being revised in 1999. In accordance with
the Environmental Protection Act 1997, any entity that discharges contaminated
effluents causing air or noise pollution that exceeds the limit set by NEQS is
responsible for paying the government pollution reversal charges. However,
government functionaries are hesitant to enforce these laws, either because of the
difficulty in monitoring emissions or political pressure. Similarly, the National
Standards for Drinking Water Quality (NSDWQ) were adopted in 2010 to improve
the quality of drinking water. The process was completed in 3 years through
intensive consultation, discussions, and the use of reading literature provided by the
WHO and the Ministry of Health.

5.6.6 Provincial Water Policies

Some provincial governments also have policies that address water quality and
salinity. Balochistan was the first province to have substantial water policies, such
as the Ground Water Rights Ordinance in 1978, the Integrated Water Resources
Management (IWRM) Policy in 2006, and the Balochistan Environmental Act in
2012. The government of Punjab has approved Drinking Water Policy 2011, Water
Policy 2018, and Punjab Water Act 2019. Similarly, KPK has approved Drinking
Water Policy 2016, IWRM Strategy 2019 and Water Act 2020. Sindh’s drinking
water and other water policies are currently undergoing the approval process. In
addition, other policies that affect water quality and salinity have also been passed,
such as local government, environment protection and irrigation and drainage laws.
However, there have been some challenges to implementing these policies fully.

5.7 International Obligations—SDGs

In 2016, Pakistan’s Parliament unanimously approved the adoption of Sustainable
Development Goals (SDGs) as part of the national development agenda. SDG 6
seeks to ensure safe drinking water and sanitation for all, focusing on the sustainable
management of water resources, wastewater and ecosystems, and acknowledging
the importance of an enabling environment, which means the need for all
stakeholders—governments, civil society and the private sector—to work together
in true partnerships for the realization of the agenda.

To achieve these goals, the Ministry of Planning, Development & Special
Initiatives (PD&SI), and the Planning & Development departments of provincial
governments, with the support of UNDP, launched a 5-year joint project titled
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“National Initiative for Sustainable Development Goals” to institutionalize the SDG
2030 Agenda. A federal SDG Support Unit was established at the PD&SI ministry
with the mandate to ensure early institutionalization of SDGs and to provide
coordination and advisory services to the provinces, respective ministries and line
departments. However, even after 4 years, no baselines for any indicator except
drinking water quality have been established. Without appropriate baselines, it is
impossible to set realistic targets or allocate adequate resources to achieve the SDG
6. There is a fear that if Pakistan keeps on its current path, it will not be able to
achieve the 2030 milestones set by the SDG.

5.8 Lessons Learnt

5.8.1 Management and Governance Issues

Most water quality issues are because of poor water governance. TMAs, WASAs
and PHEDs suffer from a lack of capacity in terms of both human resources and
management systems. Wastewater and waste management remain serious challenges
while in major cities, service providers lack capacity, infrastructure, and working
systems, including functioning water treatment plants (Cooper, 2018). In the
absence of adequate capacity and authority, the responsible institutions cannot
regulate and enforce the environmental regulations to protect water resources from
deteriorating.

5.8.2 Financial Instability in Water Supply Infrastructure

It is unfortunate that most organizations operate on the principle of “build-neglect-
rebuild”, with the major focus on infrastructure development. Service delivery or
maintenance is generally not on their agenda. Organisations that provide services
are not financially viable because low revenues and tariffs cannot cover the O&M
costs. Revenue collection is generally lower in rural areas than urban areas (Cooper,
2018). There are almost no laws punishing those who do not pay water bills or have
illegal water connections, thus leading to deterioration in the quality of drinking water.

5.8.3 Over-Exploitation of Groundwater Sources

Increased population, urbanization, industrialization, and agricultural activities
have put great pressure on groundwater resources. As a result, groundwater is being
depleted in all canal command areas, particularly in the middle and tail reaches, and
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in almost all urban centers. With increased water table depths, installing and
operating tubewells has become highly uneconomical (Ashraf, 2021). Moreover,
this also causes the pumped water to deteriorate.

5.8.4 Control of Salinity and Waterlogging

There has been limited success in managing salinity because most efforts have
focused almost exclusively on engineering solutions. Although these solutions help
increase cropping intensities and yields, they fail to stop the emergence of similar
environmental problems in adjacent areas. Thus, controlling salinity also requires
selecting salt-tolerant crop varieties and using improved cultural practices (Ashraf
& Saeed, 20006).

5.9 The Way Forward

More investment in Pakistan’s water sector is the best way to advance sustainable
social and economic development while ensuring that nobody is left behind. And
for this, Pakistan needs a sound implementation framework of the National Water
Policy in order to balance socio-economic development, management, and
conservation of the country’s water resources to address the challenges of climate
change. Various action items are described in the following sections.

5.9.1 Control Wastewater Pollution

Disposal of untreated wastewater is one of the most important factors responsible
for poor water quality and environmental degradation. Wastewater needs to be
treated at the source, with polluters being held responsible for cleanup, adopting the
“polluter pays” principle, since large centralized wastewater treatment plants have
mostly failed because of poor operation and maintenance and a lack of capacity.

When water pollution originates from diffused sources, such as agricultural use
of fertilizers and pesticides, best environmental practices should be used to minimize
non-point source pollution. For example, giving farmers guidance on what fertilizer
to apply, along with how much and when, can prevent or reduce pollution in
water bodies.
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5.9.2 Investment in Wastewater Infrastructure

Investing in wastewater treatment infrastructure is necessary to protect the water
quality of available freshwater. It is especially important that the wastewater from
municipalities, cities and industries should be treated before it is dumped into water
bodies. At present, only Islamabad, Karachi, and Faisalabad have limited wastewater
treatment facilities, and these are only partly functional because they do not have
the financial resources to meet operation and maintenance costs and technical
capacity. Therefore, massive investment is required to install and operate sustainable
wastewater treatment facilities. Further, a mechanism needs to be developed to
recover O&M cost from beneficiaries.

5.9.3 Rehabilitation of Existing Water Supply Infrastructure

Most water supply infrastructure is outdated. This is one of the major causes of
drinking water quality deterioration. Therefore, the existing infrastructure for
domestic water supply needs to be revamped with proper water treatment facilities.
The domestic water supply should be metered and consumers should be charged
based on the water they consume. This is a necessary improvement in the
management of the water supply schemes that are required for financial sustainability.

5.9.4 Regular Monitoring of Drinking Water Sources

If you cannot monitor a thing, you cannot improve it. Therefore, regular monitoring
of the water supply at the consumers’ end is very important. It should be separate
from the service providers, as a regulator cannot be a monitor. This would also help
provide data to policy makers and planners to develop effective plans to maintain,
manage, and restore drinking water quality as well as for SDG 6 reporting.

5.9.5 Enforcement of Water and Environmental Legislations

The Pakistan Environmental Protection Act 1997 is a regulatory framework for pol-
Iution control. But there are still significant administrative weaknesses, including
unclearly defined roles for relevant institutions, work plans and targets, and
ineffective coordination and communication between federal, provincial, and local
administrative entities. The Federal Ministry of Climate Change and responsible
provincial EPA departments need to enforce the legislative measures. The industrial
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sector should also be compelled to treat its wastes before discharging into
water bodies.

5.9.6 Rain Water Harvesting and Artificial Ground
Water Recharge

Increased urbanization is responsible for reduced recharge into the aquifers. In the
absence of recharging, urban flooding becomes intense, as has recently been seen in
Karachi and Lahore. It is important to make rainwater harvesting and groundwater
recharge an integral part of any water development scheme intended for water
supply. This would not only help recharge the aquifers but also help reduce the
frequency of urban flooding. PCRWR has developed simple and smart technologies
and practices for rainwater harvesting and groundwater recharge and demonstrated
them throughout the country. Some organizations, such as the Capital Development
Authority (CDA), have started taking up this concept. However, such interventions
should be made part of groundwater regulations.

5.9.7 Control Waterlogging and Salinity

In order to achieve sustainable irrigated agriculture and improve farmers’ liveli-
hoods, it is necessary for more people to work together, at both the private and
public levels, to manage salinity and waterlogging. Salinity is a dynamic rather than
static phenomenon. It is difficult to remove it from the system. However, it can be
managed by using salt tolerant crops and saline aquaculture. Going forward, we
need focus on enhancing research capacity on certain aspects of engineering, recla-
mation, and biological approaches. In addition, we need to focus on the most seri-
ously affected areas, building the capacity of farmers through efficient irrigation
practices, introducing groundwater extraction regulations, and promoting saline
agriculture.
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Chapter 6 )
Groundwater Governance in Pakistan: Creck fo
An Emerging Challenge

Ghulam Zakir-Hassan, Catherine Allan, Jehangir F. Punthakey,
Lee Baumgartner, and Mahmood Ahmad

Abstract Water is an essential ingredient for life on this planet; major human civi-
lizations settled along waterways. Control of water has remained central to all rul-
ers. Water was under the jurisdiction of the national/federal government until the
18th amendment in the constitution of Pakistan in 2010. Groundwater has also
become vitally important as demand for it has increased over the years in order to
fill water supply-demand gaps and to safeguard against climate changes. Currently,
surface water can irrigate only 27% of Pakistan’s land, while the remaining 73% is
irrigated directly or indirectly with groundwater. Punjab uses around 90% of the
country’s total extracted groundwater and is thus its food basket. Groundwater has
become a source of drought mitigation and has thus helped in bringing a green revo-
lution in the IRB. Uneven spatial and seasonal availability of surface water coupled
with unplanned, unregulated, and poorly governed use of groundwater has resulted
in multifarious and complicated water issues in the country, such as the over-mining
of aquifers in freshwater areas, waterlogging and salinity, deterioration of quality,
increasing energy use and overall extraction costs and interprovincial disputes.
Climatic changes have aggravated the situation. After the 18th amendment, water
policy was subject to the provinces and they have started to promulgate relevant
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policies and regulatory framework. Punjab has taken the lead in this area. This chap-
ter encapsulates the recent policy paradigm shifts by the Punjab government to
combat the challenges of water scarcity. Current initiatives by the Punjab govern-
ment, including the Punjab Water Policy 2018, Punjab Water Act 2019, Punjab
Local Govt Act 2019, The Punjab Khal Panchayat Act 2019, Punjab Local Govt
Ordinance 2021, Punjab Water Resources Commission 2021, Punjab Water Services
Regularity Authority 2021, have been discussed and evaluated as to how they can be
helpful in mitigating the water crisis.

Keywords Groundwater extraction - Tail-end farmers - Open access regime -
Water policy in Pakistan

6.1 Introduction

The use of groundwater in Pakistan—as in many other parts of the world—has risen
rapidly over the past half century, bringing some prosperity but also new and now
pressing problems of management and governance. In this chapter we consider the
current situation with regards to groundwater governance by first situating Pakistan’s
groundwater use in the broader contexts of global water use and the country’s total
water use. The surface and groundwater challenges are then presented, with the
contention that management and governance in Pakistan require an integrative
approach. With these challenges in view, the policy, economic, and environmental
perspectives of managing groundwater in Pakistan are considered, with Integrated
Water Resource Management (IWRM) presented to integrate these issues in the
context of rapidly changing policies.

6.2 Groundwater in the Global Context

Groundwater is a significant component of the hydrological cycle and is the largest
source of fresh accessible water on the earth (Gleeson et al., 2020; Reinecke et al.,
2020). Groundwater is the most important share of the water resources in many
countries (Gorelick & Zheng, 2015). For example, in Tunisia 95% of water used is
from groundwater sources, while in, Belgium it is 83%, and in the Netherlands,
Germany and Morocco it is 75% (Gleeson et al., 2020). While groundwater is used
in industrial and domestic sectors (Chesnaux, 2012), most of the 750-800 billion
m?/year of global groundwater withdrawals are used for agriculture (van Engelenburg
et al., 2017; Shah, 2007). Groundwater is particularly important for countries with
arid and semiarid climates, including southern and western areas of the United
States of America, parts of Africa, Spain, Greece, Iran, India, and Pakistan (Shah
etal., 2007; UNESCO, 2012). The unsustainable use of groundwater is a big threat
for humanity (FAO, 2016), with overextraction essentially mining aquifers (Kahsay
et al., 2018; Shrestha et al., 2020).
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Groundwater pumping in the South Asian regions accounts for about one-third of
global extraction (WB, 2020). The introduction of small pumps and drilling rigs in
the 1970s brought a revolution in groundwater irrigation which the then-existing
water administrations were unfamiliar with (Shah et al., 2006). For example, until
the 1960s, India had been a minor user of groundwater, but the number of private
tubewells increased from 150,000 in 1950 to 19 million in 2000; and by 2008 India
was extracting 220-230 billion cubic meters per year (BCM/year) (Shah, 2009).
This enabled India’s groundwater-irrigated area to increase 178% between 1970
and 1999. Another example is Bangladesh, where groundwater contributes to 18.6%
of GDP, and 80% of its population rely on groundwater for drinking and irrigation
(Bhattacharjee et al., 2019).

Pakistan has been blessed with a large groundwater aquifer under a surface area
of 16 million ha in the Indus Basin (Khan et al., 2017; LEAD, 2016). Groundwater
in Pakistan has become source of livelihood and a safeguard against climate change,
although it remains a poorly understood resource (Lytton et al., 2021; Mekonnen
et al., 2016). Because of its ever-increasing use—indeed, mining—of aquifers,
Pakistan has become the fourth largest user of groundwater after India, the United
States, and China (Qureshi & Perry, 2021), with groundwater contributing about
45% of crop water requirements. It has thus attained a significant role in the national
economy and in rural livelihoods (Hassan et al., 2019).

6.3 Groundwater in the IRB

Shah et al. (2007) points out that for millennia shallow wells and muscle-driven lift-
ing devices have commonly been used in many parts of the world. In British India
(which included current-day India, Pakistan, and Bangladesh), groundwater was
used for over 30% of irrigated land even in 1903, when only 14% of the total
cropped area was irrigated. During the 1970s, the introduction of pumping and drill-
ing machinery, along with other factors (Fig. 6.1), gradually increased the amount
of groundwater being pumped in the Indus Basin to the present alarming levels.
Groundwater provides some resilience against climatic changes and their impacts
like droughts and floods. It has helped in increasing the cropping intensity in the
country from about 63% in 1947 to more than 120% in 2018 (Hassan et al., 2019;
Qureshi & Ashraf, 2019). Groundwater is now being pumped by about 1.2 million
(M) tubewells (Fig. 6.2) to meet 60% of irrigation water demand, over 90% of
drinking water and almost 100% industrial water requirements (Qureshi &
Ashraf, 2019).

While groundwater use can be beneficial, excessive extraction of groundwater
impacts negatively on the social and economic development of the nation. These
impacts include deterioration of groundwater dependent ecosystems and depletion
of surface water resources. This depletion leads to increasing depth of wells, higher
pumping costs, hence more energy consumption, higher costs of production and
greenhouse gas release. The quality of groundwater is also impacted, including
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Fig. 6.1 Factors in the increasing use of groundwater in Pakistan. Source: modified from Shah
et al. (2007)
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Fig. 6.2 Growth of private tubewells in Pakistan. (IRI, 2019b)

through saline intrusion from brackish groundwater areas, and sea water intrusion
in coastal aquifers. Salinization and land subsidence reduces farm incomes.
Additionally, competition among users and consumers results in social and political
stresses and conflicts (Qureshi, 2018; Shah et al., 2007).
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6.4 Poor Management of Infrastructure

Agriculture meets the growing demands for food and fiber for humans. The basic
pre-requisites for successful agriculture include land, water, seeds, fertilizer, sun-
light, and the labor or machinery. Irrigation is delivering water to where it is needed
to support plant growth in agricultural fields. From an overall perspective, deliver-
ing water for irrigation entails the following components: (a) storage (dams/reser-
voirs); (b) diversion of water (barrages); (c) conveyance of water (canals); (c)
distribution and application of water (water courses) to fields; and (d) drainage or
removal of excess water from fields (drains) (PID_MIP, 2016). Successful irrigation
systems require a network of infrastructure from the large, e.g., dams and barrages,
right down to farm-scale watercourses, via canals and distributaries, minors, sub-
minors, water courses, drains, escapes, flood-bunds (levees), small dams, and wet-
lands of various size. In Pakistan the infrastructure is centuries old and needs
periodic maintenance. Although irrigators pay for their access to water, generally
the fees coming into the system are much less than what is needed to cover the
maintenance and operation costs; that is the government subsidizing Pakistan’s sur-
face irrigation system.

Groundwater infrastructure generally consists of different types of wells and
pumps. Speaking historically, these include step-wells, Persian wheels, hand pumps,
open/dug wells, and tube-wells. The type of structure varies from site to site,
depending on the when it was built, what the underground water levels were, how
much demand there was for groundwater, the type of aquifer and the quality of the
groundwater, along with other factors such as the social, cultural and financial cir-
cumstances of the communities in which they were built.

Current groundwater pumping technology in Pakistan includes centrifugal
pumps, submersible pumps, and deep vertical turbines. Groundwater energy sources
include diesel (either by tractor or diesel/petrol engine) and electricity, with solar
energy becoming more because of diesel costs and interruptions to the electricity
supply. In contrast with the centralized surface water system, ownership in much of
the groundwater infrastructure is dispersed. The number of tubewells is increasing,
with current estimates suggesting that Punjab alone has 1.2 million private tube-
wells, mostly installed by farmers (Fig. 6.2). These extract about 50-62 BCM of
groundwater annually.

Another, relatively new practice in the groundwater system is the monitoring of
the network for levels and quality. Both WAPDA and the provincial irrigation
departments are involved in this monitoring.
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6.5 Public Perception and Cultural Aspects of Groundwater

While groundwater can be considered a public good, its hidden nature often leads it
to be treated as private property. Countries approach ownership of groundwater
through their own legal frameworks, with the result that it is often the case that the
owner of the land has the right to extract it. In Islamic law groundwater is consid-
ered a public good, but the ownership of a well entails ownership of a certain amount
of adjacent land called harim, or the forbidden area (Caponera & Alheritiere, 1978).
As per Easement Act 1882 (Govt of India, 1882), groundwater under an aquifer
belongs to the owner of land. It is not well understood that groundwater is a com-
mon pool resource (CPR) (Mbeyale et al., 2006). Because groundwater is mostly
out of sight, the size of the resource and threats to it are often poorly understood—
indeed to some it seems an infinite resource. This reduces the apparent urgency for
action to manage groundwater better.

Many researchers like such as Agrawal (2001) and Ostrom (1990) have demon-
strated that self-governance by communities—developing and enforcing their own
rules and regulations for management of CPRs—can be more operative and effec-
tive on sustainable basis. They can decide as to who, when, where, and how a par-
ticular CPR can be used. (Meinzen-Dick et al., 2018) have described a pilot study in
the Andhra Pradesh state of India in which groundwater was considered to as a CPR
just like other natural resources, such as forests and fisheries.

6.6 Poor Economic Goals

The problems related to overuse of water, groundwater depletion, water logging and
salinity highlighted in the above section are symptoms of much deeper problems
embedded in policy and institutional failure both in the agriculture and water sectors
(Ahmad et al., 2000). The “value” of groundwater currently reflects the cost of on-
farm extraction, and this is complicated by the range of government subsidies and
price distortions. For example, until 1991, Pakistan had metered electricity tariffs
for irrigation tubewells, but in response to farmer complaints a flat tariff for the
irrigation tubewells was introduced (Qureshi, 2018). Farmers in general supported
this, since a flat tariff enabled higher pumping rates and longer hours. While this
was to reduce pilfering and meter tampering, it also tends the water markets to seri-
ously undervalue groundwater.

This policy failure is reflected in underpricing groundwater, as reflected in the
investment and energy costs and the collection of only part of those costs (Kemper
et al., 2004). Institutional failure is reflected in open access and a “race to the bot-
tom” and market failure is embedded in rarely accounting for the external and
opportunity costs.
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Indian Punjab Guidelines for Groundwater Extraction and
Conservation

The Punjab Water Regulation and Development Authority in Punjab India
published the “Punjab Guidelines for Groundwater Extraction and
Conservation” which shall apply to all commercial and industrial water users
in the state of Punjab. Agriculture being the main user (95), the implementa-
tion mechanism is being proposed through any Water User or group or asso-
ciation of Water Users at their own level. Such Water Users shall earn
appropriate Water Conservation Credits which shall effectively reduce their
volumetric Groundwater Charges. The scheme incentivizes farmers through
appropriate Water Conservation Schemes for water conservation in important
sectors such as agriculture, groundwater recharge, urban rainwater harvest-
ing, industrial wastewater treatment and reuse, and rural wastewater manage-
ment. The tool proposed include conservation credits by water saving in
existing crops; replacing paddy cultivation with other crops that consume
less water.

A few examples are provided from the guidelines that identify feasible
interventions (technologies or practices) that result in water saving, and thus
cost-saving and also improve crop competiveness. For example, by delaying
paddy transplanting to June 25th or later can result in water savings of
100-200 mm or 1000 to 2000 m? per hectare. Similarly, alternate wetting and
drying, with a maximum water depth of 50 mm in the paddy field could result
in saving 150-250 mm or 1500-2500 m?* of water per hectare. Rice paddies
can also be replaced with crops that consume less water in the kharif season.
For example, planting maize could save a whopping 10,000 m?® per hectare,
while pulses pulses (moong bean) could save 11,000 m? per hectare.

For wheat and rice zones (also relevant with regards to Pakistan) the use of
small irrigation plots (6—8 plots per acre) for wheat can save up to 35 mm or
up to 350 m? of water per hectare. Sowing wheat directly in standing paddy
stubble, using zero-till drills such as Happy Seeder or Super Seeder, have
been documented to save up to 70 mm or up to 700 m? per hectare. And the
most desirable intervention—furrow irrigation in bed-planted wheat—can be
a major game changer by saving up to 75 mm or 750 m? of water per hectare.

This box also supports the case being made in Chap. 8 for a major para-
digm shift in agriculture development—from traditional agricultural practices
that waste water and degrade our soils to ones that look for nature-based or
Regenerative Agriculture solutions. This can also, as discussed in Sect. 4.2,
build on opportunities of the Punjab Local Govt Ordinance 2021 (GoPb_
LG&CD, 2021).

Source: Adopted from Punjab Water Regulation and Development
Authority 2020 ‘“Punjab Guidelines for Groundwater Extraction and
Conservation,” Chandigarh.
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6.6.1 Three Policy Responses to the Challenges with a Focus
on Groundwater

Institutional reform requires a change in mindset; policy must move from business-
as-usual to benefit-sharing mechanisms between provinces so that the needs and
priorities of all provinces are met by the new water management legislative and
institutional frameworks.

Policy is implemented partly through rules and regulations The existing regula-
tory framework in Pakistan deals mainly with the operation of the surface water/
canal irrigation network. We list the policies and regulatory frameworks for water
sector in Pakistan elsewhere in this chapter.

Prior to 2018, there was no comprehensive regulatory and policy framework to
facilitate integration. However, current instruments such as the National Water
Policy 2018 (GoP, 2018) and Punjab Water Policy 2018 (GoPb_PID, 2018) cover
the development, exploitation and protection of groundwater resources thoroughly.

Punjab’s government has enacted Punjab Water Act 2019, which deals with sur-
face and groundwater in integrated mode under IWRM framework. This act envi-
siges the registration, licensing, permits, and pricing for groundwater.

Effective responses to the multiple challenges presented above require multiple
and integrated approaches. Policy reform should seek to enable:

(i) improved coordination of surface and groundwater planning and management

(i1) better understanding of groundwater resources, including recharge
management
(iii) increased awareness of groundwater issues in the general population
(iv) improved economic levers
(v) improved on-farm water use efficiency
(vi) integrated action (IWRM)

Major Water Laws and Policies in Pakistan
Federal/National Level
The Easements Act of 1882
Land Improvement Loans Act (1883)
The Constitution of Pakistan 1973
The Pakistan Water and Power Development Authority Act (1958)
Indus Water Treaty (1960)
Water Apportionment Accord (1991)
Indus River System Authority (IRSA) Act (1992)
Pakistan Environmental Protection Act (1997)
Pakistan Water Vision 2025 (2001)
Pakistan Water Resource Sector Strategy (2002)
National Environment Policy (2005)

(continued)
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National Sanitation Policy (2006)

National Drinking Water Policy (2009)

18th Amendment in the Constitution of Islamic Republic of Pakistan
Pakistan Water Vision/Framework for action 2025 (2010)
National Climate Change Policy (2012)

Pakistan Climate Change Act (2017)

National Water Policy (2018)

Provincial Level

The Canal & Drainage Act (1873)

Punjab Minor Canals Act (1905)

Soil Reclamation Act (1952)

On Form Water Management Ordinance (1981)

Punjab Water-User Association Ordinances (1981)

Water Apportionment Accord (1991)

The Punjab Irrigation and Drainage Authority Act (1997)
Punjab Government Rules of Business (2011)

Punjab Water Policy (2018)

Punjab Water Act (2019)

Local Level

Punjab Development of Cities Act 1976

Punjab Local Government Act (2019)

The Punjab Village Panchayats and Neighborhood Councils Act (2019)
The Punjab Local Govt Ordinance 2021

Punjab Khal Panchayat Act (2019)

While the new policies demonstrate a desire for more holistic and integrated
management, implementation is still a work in progress. The actions taken by
Punjab’s government, discussed in Sect. 3.1, test ways to best implement new
national and provincial policies.

6.7 Punjab Government — Some Recent Responses

6.7.1 Improving Coordination of Surface and Groundwater
Planning and Management

Different steps have been and are being taken by the Punjab government to manage
groundwater in conjunction with surface water, taking into account best practices
around the world. A water resources zone has been created within the PID to moni-
tor and help in regulating groundwater. The following steps have been taken:



152 G. Zakir-Hassan et al.

(i) Monitoring of groundwater (level and quality) biannually and mapping
throughout the Punjab province
(ii) Establishment of Punjab Water Resources Commission
(iii) Establishment of Punjab Water Services Regularity Authority
(iv) Establishment of Water Resources Zone in PID

6.7.2 A Better Understanding of Groundwater Resources
and Recharge Management

6.7.2.1 Resource Assessment

To properly manage groundwater, it is imperative to properly assess the nature
of the aquifer and its potential. The Punjab government is taking steps to monitor,
manage, and regulate groundwater resources to use it sustainably. In Punjab about
3000 piezometers were installed in 2006 and onward to monitor groundwater levels
in canal command areas, which is about 50% of the area of the province (IRI, 2019b;
Zakir-Hassan et al., 2020). These steps include:

(i) Monitoring/ mapping/modelling
(i) Geo-referencing of all tubewells in the Punjab
(iii) Strengthening of groundwater monitoring network (addition of 2000 observa-
tion points to cover the reaming areas and fill the gaps in existing network)
(iv) Introduction ICTs in monitoring loggers, sensors, and transmitters to improve
the quality and frequency monitoring system in the province
(v) Demarcation of basin/subbasins (Fig. 6.3)
(vi) Development of hydrogeological zones

6.7.2.2 Resource Protection and Conservation

To sustainably use groundwater, it is of the utmost importance that it is assessed,
protected, and regulated. In this respect, PID has executed some important research
studies through thee Irrigation Research Institute (IRI). A few are mentioned in
Table 6.1.

6.7.3 Increased Awareness of Groundwater Issues
in General Population

Another step in raising awareness for stakeholders was a series of national seminars
and six field workshops on groundwater governance and management that were
held throughout Punjab. A few examples are given in Table 6.2.
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Fig. 6.3 Hydrological Zones in Punjab for groundwater management. (IR, 2015)

6.7.4 Integration

The Punjab Water Act 2019 has been formulated and promulgated within an IWRM
framework (GoPb-PID, 2019). All water resources are treated as one source and all
demands/consumers have been assigned a priority for water, allocated according to
the Punjab Water Policy (GoPb_PID, 2018). Dealing with each water resource (canals,
rainfall, groundwater, rainfall, wastewater) in isolation leads to the uneven and uneq-
uitable distribution of water resources over time and space. The government is taking
action to integrate functions: for example, management, regulation, and governance
have all been entrusted to the department responsible for surface water resources. This
means that all concerned stakeholders are working together under one umbrella—a
body comprising of 22 departments headed by the Chief Executive of the Province
i.e., the Punjab Water Resources Commission. This is the first time in Pakistan’s his-
tory that a high-level body has been established in the province, which is evidence of
ownership by the government and makes water a priority on its agenda.

6.8 Improved Economic Levers

Water discourse can be redefined in terms of unbundling land and water rights.
Pricing policies could be developed to enable farmers to meet their crops’ water
needs while also restricting unnecessary exploitation of groundwater.
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Table 6.1 Research studies from Irrigation Research Institute (IRI)

G. Zakir-Hassan et al.

Sr# | Title of research study/report References
i Improving groundwater management to enhance agriculture and | Punthakey et al.
farming livelihoods in Pakistan: (2021b)
ii. Improving groundwater management to enhance agriculture and | Khan et al. (2021)
farming livelihoods: Integrating web and mobile based
applications for groundwater management:
iii. | Improving groundwater management to enhance agriculture and | Anjum et al. (2021)
farming livelihoods: Groundwater model for the lower Bari Doab
Canal, Punjab, Pakistan.
iv. Recharge of aquifer for groundwater management in Punjab (old | IRI (2020b)
Mailsi Canal project)
V. Feasibility of rainfall harvesting for artificial recharge of IRI (2019a)
groundwater
vi. | Artificial aquifer recharge by rainwater harvesting at experimental | IRI (2020a)
Research Station Thokar Niaz Beg Lahore
vii. | Historical sustainability of groundwater in Indus Basin of Hassan et al. (2019)
Pakistan:
viii. | Sustainable use of groundwater for irrigated agriculture: A case Hassan and Hassan
study of Punjab, Pakistan (2017)
ix. | Impact of drainage effluents on groundwater quality—a case Zakir-Hassan et al.
study from Lahore Pakistan (2017)
X. Plastic pollution, canal irrigation and groundwater contamination | Zakir-Hassan et al.
in Punjab, Pakistan (2021)
xi. | Environmental issues and concerns of groundwater in Lahore Zakir-Hassan et al.
(2016)
xii. | Research studies on artificial recharges of aquifer in Punjab. IRI (2013)
xiii. | Groundwater investigations for water supply to FDA-city housing | IRI (2012)
scheme Faisalabad
xiv. | Research studies on artificial recharge of aquifer in Punjab; IRI (2009)
preliminary activities for identification of potential sites for
recharging of aquifer in Punjab
xv. | Seepage measurement and soil investigation from channels IRI (1998)
proposed for lining under PPSGDP: Punjab private sector
groundwater development project (PPSGWDP
xvi. | Lining of distributaries and minors in Punjab; canal seepage and | IRI (1996)
groundwater investigations: JICA-funded study
xvii. | Groundwater behaviour in Rechna Doab-Punjab- Pakistan IRI (2015)
xviii. | Impacts of flood on groundwater — Example shown in Fig. 6.4 IRI (2016) and
Zakir-Hassan et al.
(2021)
xix. | Awareness raising and capacity building of FOs/farmers regarding | IRI (2017)

“groundwater governance and management in Punjab”
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Table 6.2 Workshops given to raise awareness among stakeholders
Seminars/Workshops Location Date
Seminar on the use of geosynthetics as canal IRI Lahore Auditorium 28-05-2013
lining material
Seminar on groundwater issues and way forward | IRI Lahore Auditorium 10-06-2013
Seminar on groundwater governance and IRI Lahore Auditorium 25-10-2017
Management in Punjab
Three Nos workshop on groundwater issues and | Kamalia, District Toba Tak 28-11-2015
Management in Punjab Singh
Pir Mahal, District Toba Tak 20-02-2016
Singh
Pabbarwala Disty, District 23-04-2016
Faisalabad
Three Nos workshop on groundwater issues and | Nai wala Bangla, District 25-11-2017
Management in Punjab Sahiwal
Farooqabad, District 9-12-2017
Sheikhupura
Ada Musafir Khana, District 21-12-2017
Bahawalpur
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Fig. 6.4 Impact of flood 2014 in Rechna Doab area in Punjab, Pakistan

There is some movement towards clearer pricing signals. The flat tariff policy for
tubewells was discontinued in 1999 and a flat-cum-metered tariff was introduced in
2000. The new incentive policy was designed to set a different tariff schedule, with
fixed-cum-variable pricing—in addition to a cost per unit, consumers were charged
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a flat rate of approximately Rs. 400, Rs.700, or Rs.1050 per month for 5-, 7- and
10-horsepower motors, respectively. So the government is moving to a more ratio-
nal pricing policy to cover not only the financial cost (fixed cost) but also the eco-
nomic cost (the variable part), thus minimizing the risk of water overuse. The case
study of Oman illustrates how it is moving towards monitoring,

Case Study: Smart Meters—The Case of Oman

In 1992, the government of Oman took an important step towards groundwa-
ter monitoring that included (1) performing a national inventory of installed
tubewells, with GPS locations for each (2) considering the possibility of
groundwater monitoring through individual quotas. The law or regulatory
decree (MD 264/2000) stipulates that “The Ministry shall determine the quan-
tity of water to be taken from each well,” thus moving a step forward in their
ability to monitor the wells and regulate how much water is extracted. The
idea is that farmers use sanctioned water to grow more high value crops and
use groundwater storage as a hedge against drought.

The feasibility of the above-mentioned policy was evaluated using the
MODFLOW groundwater simulation model. The results revealed that the Net
Present Value of measuring and monitoring groundwater extraction using cli-
mate smart water meters was $790 million (41,332/ha/year) with an internal
rate of return of 93%—a very good return on the investment. Further, the
research shows that the sustainable use of aquifers results in a 20% reduction
in groundwater extractions, with a change in cropping pattern and 42% of the
least efficient farmers exit farming when they have the option to convert the
land for other uses. (Zekria et al., 2017).

Pricing irrigation groundwater is not politically feasible, nor is increasing electric-
ity prices. A number of researchers argue that the best solution is to allocate ground-
water shares to each farmer according to farm size and historical cropped area. Oman’s
case, in which 40 farms have benefitted from the installation of intelligent energy and
water meters. The objectives are to reduce the cost of monitoring, to allow weekly/
monthly observation of groundwater abstraction and send early alerts to those farmers
who are in danger of exceeding their allocated water quota. India is a success story
and an example for other regions/countries that are facing groundwater depletion. The
successful farmer-managed groundwater systems initiative, Andhra Pradesh Farmer
Managed Groundwater Systems (APFMGS), offers useful lessons on participatory
groundwater management.' Collective action has resulted in sustainable ground water
management, reductions in cost, and more growing of high value crops. While we in
Pakistan continue to promote rice and sugarcane, we cannot justify growing either of
them in conditions of water scarcity, unless we ration water use in agriculture, and
more specifically for these two thirsty crops.

"Participatory Ground Water Management in AP; Draft Outline of the legal framework emerging
following discussions with the Principal Secretary, RD, Govt of AP on 10th August.



6 Groundwater Governance in Pakistan: An Emerging Challenge 157

It is often suggested that creating water rights and a water market would alleviate
the problems of water allocation, availability, and accessibility, but the question is
whether it would lead to water saving. This is true especially where water rights are
not well defined or enacted. Pakistan provides an interesting case: while water mar-
kets are illegal, more than 70% of farmers trade water on the watercourses to meet
scarcity and improve supply (World Bank, 1994). In Pakistan, given its social setup,
the paramount concern is that legalizing water trading would add to the existing
inequity between upstream and downstream users and so from that perspective, put-
ting a value on water rights is not desirable. It is hard to stop illegal water markets
for urban supply since there is much more willingness to pay in urban areas than in
agriculture. Even if a regulatory structure was set up to manage the sale of water,
underground markets will still exist. One must weigh these negative externalities
against the expected benefits from this policy shift, keeping in view the facts on the
ground. We should focus more on whether water rights should be tied to the land or
whether they can be traded separately.

In summary, the energy pricing and load shedding policies have shown to play an
important role in controlling overexploitation of groundwater; in addition, farmers
who purchased water from tubewells with diesel pumps found them to be more reli-
able than tubewells powered by electricity. The introduction of water metering,
though costly (though the cost is coming down) is a prudent policy option in order
to ration water use in agriculture. In order to implement water metering, agencies
must have the authority to enforce compliance on tubewell owners and formulate
incentives to enforce metered tariffs.

6.9 Improved on Farm Water Use Efficiency

Inefficient use of water in agriculture is a big challenge for Punjab, since agriculture
consumes more than 90% of total water resources while contributing only 22%
to GDP.

Steps to Improve the Water Use Efficiency at Farm Level
(i) Groundwater Management to enhance agricultural farming
community participation in water management
(i) Reliability in water supplies
(iii) Water recycling/reuse at least in agriculture sector
(iv) Precision irrigation and precision agriculture
(v) Improved crop varieties and cropping pattern- climate smart agriculture
(vi) Improved cultural practices — shift from lower to higher value crops
(vii) Highly efficient irrigation techniques- shift from flood method
(viii) Rationalization of surface water allowances- in conjunction with
groundwater
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6.10 Integrated Water Resources Management
(IWRM) Framework

6.10.1 Integrated Water Resource Management (IWRM)
Policy Framework

Integrated Water Resources Management (IWRM) is “a process which promotes the
coordinated development and management of water, land and related resources, in
order to maximize the resultant economic and social welfare in an equitable manner
without compromising the sustainability of vital ecosystems” (UN_Water, 2007). In its
broadest sense, IWRM is a framework which mainstreams water for all needs of the
society, involves stakeholders in decision making, integrates demand and supply man-
agement, invokes gender issues, accounts for the all water sources—waste, sewage,
groundwater, rainfall, surface-water—faces the challenges of climate change that lead
to floods and droughts, and to adaptive management. IWRM is understood to be cru-
cial for water stressed areas to enable water management to integrate with the broader
contexts of economic and social development and of environmental sensitivity (Chéné,
2009). Critics of IWRM have noted that it is vague in conceptualisation and difficult to
find in practice. For example, (Biswas, 2008) attempts at IWRM in South Africa,
(Colvin et al., 2008) in Nepal (Birendra et al., 2021), and Ghana (Frimpong et al.,
2021) partly bely these claims, but also reveal just how difficult integration is. These
and other works show that while specific tools are necessary, IWRM also requires an
emphasis on governance (Katusiime & Schiitt, 2020; Lankford & Hepworth, 2010).
Food security and IWRM are strongly linked as IWRM can contribute significantly to
meeting the increasing demands of food security. IWRM can allocate water for agro-
ecosystems as well as for non-agricultural ecosystems (Boelee, 2011).

The Integrated Water Resource Management (IWRM) approach requires defin-
ing hydrological basins and sub-basins which are clearly represented/demarcated
with boundaries and empowered basin/sub basin authorities, with sustainable finan-
cial resources and an IWRM framework. The challenge of implementing the IWRM
approach is to bring about institutional and legal processes, decision-making, trans-
parency, and a participatory approach to decision making as opposed to the tradi-
tional departmental hierarchical decision making process. Main components of
IWRM framework are shown in Fig. 6.5.

6.11 Groundwater Governance Might Work Within
an IWRM Framework: A Case Study in Punjab

6.11.1 Punjab Groundwater Management

With a large groundwater aquifer, Punjab is the most blessed province of Pakistan.
Only 1.23 billion cubic meter (BCM) of groundwater was pumped in 1965, using
the old Persian wheels. This has increased to 55 BCM at present, through 1.2
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Fig. 6.5 Components of complex IWRM framework

million private sector tubewells (GoPb_PID, 2018). After the introduction of
SCARP tubewells in the public sector during the 1960s, there were rapid advances
in private groundwater development in Punjab (PID_MIP, 2017). To monitor rising
groundwater tables, some 14 lines of open water table observation wells (called
provincial well-lines) were installed across the doabs of Punjab by WAPDA. Some
records of groundwater levels are available from 1882, but systematic observations
started in 1886 (Bhutta & Smedema, 2007).

In 2006, the Punjab Irrigation Department also installed about 3000 observation
wells (OWs) and started monitoring the depth to water table twice in a year: pre and
post monsoon season. Locations of these observation wells are shown in Fig. 6.6.

Observation wells have been installed only in Punjab’s canal command areas leaving
large geographical areas of the province unmonitored, as shown in Fig. 6.7. These
observation wells have also deteriorated over time. Some points have become dry
because of falling water levels and presently only 50% of the wells are active. Because
of this, human error, and the low frequency of sampling, the data from this monitoring
isunlikely to represent the true impact on aquifers by recharge and discharge components.
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Fig. 6.6 Locations of observation wells in Punjab (Source: Punjab Irrigation Department)

Recently, with guidance from two projects—one funded by the World Bank, the
other by ACIAR (Punthakey et al., 2021a, b), about 12 loggers have been installed
to monitor the continuous fluctuations of groundwater table and transmit them
directly to the main server at the Lahore head office.
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Fig. 6.7 Canal command areas in Punjab. (Punjab Irrigation Department)

In addition to depth, the quality of the water table quality is also being monitored
for about more than 2500 farmers’ tubewells in the canal command of the Punjab.
Groundwater quality is mostly monitored and tested in labs for irrigation purposes.
Groundwater quality status in Punjab for the year 2020 is shown in Fig. 6.8.
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Fig. 6.8 Groundwater quality status of Punjab in 2020. (Punjab Irrigation Department)

Maps detailing depth to water table and groundwater quality are being prepared
and placed on the website of the department. Different research studies and investi-
gations are being carried out by Groundwater Management Cell established by PID
in the Irrigation Research Institute (IRI). The Punjab province has been divided into
different hydrogeological basins (doabs) for groundwater investigations and model-
ling studies. At present groundwater is contributing about 35-45% of Punjab’s irri-
gation requirements (IRI, 2013). Extensive and unplanned pumping of groundwater
has put the groundwater budget in the danger zone. The depth to water table map for
the year 2020 is shown in Fig. 6.9, which indicates that southeastern areas of the
province are badly depleted. The recharge to the aquifer has decreased while the
pumping rate has increased. Punjab, as the largest food producer of Pakistan, is
more stressed with respect to falling water levels—after Baluchistan—and deterio-
ration of groundwater quality. At present, no comprehensive law or monitoring
framework is in place for proper assessment of this natural resource, but the Punjab
government is taking concrete steps to improve the system.

The quality of groundwater in the province is also deteriorating due to the inter-
mixing of fresh and brackish ground waters which are further aggravated by the
leaching contamination from domestic, industrial, and agricultural effluents (Zakir-
Hassan et al., 2017). Groundwater quality in Punjab is shown in Fig. 6.10, which
indicates that groundwater quality in many areas is not fit for irrigation purposes
based on three criterions indicated in the figure.
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Fig. 6.9 Depth to groundwater table map (Punjab Irrigation Department)

Over time, many piezometers have become dead and dry and at present less than
two thousand are functional as per 2018 records.

Keeping in view the importance of groundwater management and groundwater
recharge under the National Climate Change Policy (GoP_MoCC, 2012) and
National Water Policy (GoP, 2018), the Government of the Punjab under Punjab
Water Policy (GoPb_PID, 2018) has clearly given the future line-of-action for ben-
eficial use of floodwater. The policy outlines the guiding principles for
implementation:

(i) Construction of flood channels to divert flood waters to desert areas like
Cholistan, Thal and other similar areas.
(i) Allow flood waters to spread overland through pre-planned breaches
(iii) Harness flood waters in Hill Torrent areas like DG Khan through construction
of storage and delay action dams, dispersion, and diversion structures
(iv) Augment artificial recharge of aquifer from flood water

Globally, a lot of work is being done on managed aquifer recharge (MAR) using
flood water (Rawluk et al., 2013).

As is the case anywhere, the use of groundwater in Punjab is a complex issue
beset by numerous governance challenges. Governing and managing groundwater
is difficult in conjunction with the planning and management of surface water, since
the institutions that govern both are different (Fullagar et al., 2009).
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Challenges for Groundwater Governance

e Groundwater use much beyond the sustainable limits

e Multiple groundwater uses.

e Complexities in defining groundwater entitlements and enforcement.
e General lack of awareness and capacity among the stakeholders.

* Slow implementation of regulatory framework

¢ Deterioration of groundwater quality

e Increasing cost of groundwater pumping with decline in water table.
¢ Poor and inadequate resource monitoring
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6.11.2 Potential Integrated Approach for Groundwater

Groundwater is extracted mostly (90%) by farming communities for agricultural
use. Participatory management of groundwater, through consultation, “bottom-up”
planning and collaboration is most likely to result in positive on-farm groundwater
management. One potential way to achieve this is to build on opportunities of the
Punjab Local Govt Ordinance 2021 (GoPb_LG&CD, 2021). Village-scale Aquifer
User Associations, (or Water User Associations, or Village Development Societies,
or Village Councils) could be established and supported, initially by PID. The aim
would be to strengthen and empower them to manage groundwater better through
information sharing, training, and incentives. Resources for these associations may
include extension services providers, agricultural machinery, community tubewells,
village ponds, market access, surface water availability, rainfall harvesting infra-
structure, soil and water testing facilities, high efficiency irrigation systems, updated
information about subsidies from the government, flood and weather alerts. Other
services which can be integrated at the grassroots level include measuring soil mois-
ture and crop water needs, access to fertilizers and pesticides, value addition to
agricultural products, storage facilities, guidance about latest tools and models such
as tunnel farming, zero-tillage, hydroponics, land care services, protection of water
quality, solid waste management, disposal of village effluents, cottage industry and
handicrafts development centre, groundwater recharge facilities, on-farm storage
options, smooth implementation of the warabandi system, mechanized farming,
precision agriculture, use of ICTs, introduction of bio-fertilizers and pesticides, cli-
mate smart, energy auditing, taping the potential of solar energy, livestock and dairy
development, aquaculture service, media and training centre. The village should be
a strong institution that provides access to resources, information, and infrastruc-
ture, and focus on both sharing and maintenance (Fig. 6.11).

6.11.2.1 Vertical and Horizontal Linkages

Policies have been developed at the national, provincial, and local (grass root) levels
to streamline water governance. This setup can support the groundwater governance
if “implementation is carried out in both letter and spirit (Fig. 6.12).

The Punjab Khal Panchayat act 2019
— Establishment of Khal Panchayat.

(1) There shall be a Khal Panchayat for each water course.

(2) Every farmer entitled to obtain water for irrigation purposes under the Act
shall be a member of the Khal Panchayat of a water course.

(3) Every Khal Panchayat shall have a President and a General Secretary to
be elected through votes of all eligible members or the shareholders of a
water course.

(continued)
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(4) The term of President and General Secretary shall be 3 years.

(5) The elections of a Khal Panchayat shall be conducted by a person nomi-
nated by the Authority.

(6) No person, who is in arrears of payment of abiana, shall be eligible either
to vote or contest for the election of President or General Secretary.

4) Functions and duties of Khal Panchayat.

(1) Every Khal Panchayat shall submit a warabandi to the Sub Divisional
Canal Officer on the prescribed form.

(2) The Sub Divisional Canal Officer shall approve the warabandi after such
modifications and changes as he deems necessary.

(3) Where a Warabandi is not submitted to the Sub Divisional Canal Officer
by Khal Panchayat within 60 days, the Sub Divisional Canal Officer shall
formulate a Warabandi and provide a copy of such warabandi to the Khal
Panchayat for its implementation.

(4) A Khal Panchayat may lodge complaint to the Sub Divisional Canal
Officer or the Deputy Collector Irrigation that a warabandi is being vio-
lated or water theft is being committed.

(5) Every such complaint shall be duly inquired into as soon as practicable,
and the outcome thereof shall be communicated to the Khal Panchayat.

(6) The Sub Divisional Canal Officer shall inform the Khal Panchayat about
rotational running of channels and the Khal Panchayat shall inform all
members of the Khal Panchayat of such rotational running of channels.

(7) A Khal Panchayat shall mediate in disputes between farmers for equitable
distribution of water.

(8) A Khal Panchayat shall check cattle trespassing on canal or drainage
channels, right of way and report to the concerned Canal Officer for
appropriate action.

(9) A Khal Panchayat shall help in preparation and distribution of abiana bill
when so requested by the Sub Divisional Canal Officer.

Punjab Local Government Ordinance 2021
— Functions and powers of Neighborhood Council and Village Council.—

1. The functions and powers of Neighborhood Council and the Village
Council shall be to:

a) approve its budget;

b) approve the levy of tax and fee etc.

c) collect approved taxes, fees, rates, rents, tolls, charges, fines and
penalties;

(continued)
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d)
e)

f)

g

h)
i)
)

k)
)

m)

n)
0)

p)
Q

r)
s)

t)
u)

enforce this Ordinance, rules and bye-laws regulating its functioning;
nominate members of the Community Councils in its respective urban
area and monitor their performance;

nominate members of the Panchayats within its respective rural area
and monitor their performance;

mobilize the community:

i. for maintenance of public ways, public streets, streetlights, cul-
verts, bridges, public buildings and local drains;
ii. for plantation of trees, landscaping and beautification of pub-
lic places;
iii. for prevention and removal of encroachments on public ways,
streets and places;

provide and maintain public sources of drinking water, such as wells,
water pumps, tanks and ponds, and open drains;

coordinate with the community organizations for proper maintenance
of water supply schemes and sewerage in the prescribed manner;
manage and maintain grazing areas, common meeting places and other
common property

hold local fairs and recreational activities;

registration of births, deaths, marriages and divorces; (m) promote
local, school and traditional sports;

promote local, school and traditional sports;

take other measures likely to promote the welfare, health, safety, com-
fort or convenience of the inhabitants of its local area;

identify deficiencies in delivery of services and make recommenda-
tions for improvement of services;

execute small scale development works relating to its functions;
report illegal excavation of earth, sand, stones or other material to the
relevant authorities;

celebration of public festivals;

assist the relevant authorities in disaster management and relief
activities;

manage properties, assets and funds vested in it; and

maintain such statistics and data as may be prescribed and disseminate
information on matters of public interest; and

2. A Neighborhood Council and the Village Council may perform any other
function entrusted to it by the Government or its respective upper level
local government, in whose local area the Neighborhood Council or as the
case may be the Village Council is situated.
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Fig. 6.11 The village council as a central hub

6.12 Conclusions and Recommendations

6.12.1 Conclusions

To share a scarce resource while limiting environmental damage, it is imperative to
limit future water use. Important ways to grow enough food with limited water are
to increase the productivity of water in irrigated and rainfed areas, in animal hus-
bandry and in aquaculture; improve water management in low-yielding rainfed
areas; change food consumption patterns; and (possibly) by enabling trade between
water rich and water scarce countries and areas. Increasing the water use efficiency
of crop, livestock, and aquatic production, while preserving the functioning of water
bodies in a context of increased demand for food and energy, is a real challenge.
Consideration of the various ecosystem functions in irrigated and rainfed
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agroecosystems is crucial, as is effective water governance at different and appro-
priate scales to help ensure sustainable use of water resources. Water storage options
along the continuum, from soil and groundwater to natural wetlands and dams, can
make water more accessible at different spatial and temporal scales. This is espe-
cially important in rainfed agriculture, where other water management options and
appropriate farming practices can help increase agricultural and water productivity
through various water management options. Support should be given to systems and
approaches that ensure high water productivity as well as gender and social equity
and contribute to closing the water cycle to the benefit of many ecosystem func-
tions. Sustainable livestock production systems should be encouraged in order to
respond to changing diets and the increased demand for animal products while
maintaining environmental flows and ecosystem services. The resulting improved
livestock water productivity would allow more animal products and food to be
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produced without increasing the volume of water depleted. For aquaculture, various
practical approaches and policies to enhance water use have been developed in dif-
ferent geographical settings all of which have potential to be useful elsewhere.
Greater awareness of these amongst producers and policy-makers.

could encourage more cost effective water management strategies that would
concomitantly reduce animal, environmental, and public health risks. Mass media
campaigns are needed to raise awareness among the general public.

6.12.2 Recommendations

As mentioned earlier in the chapter, we need to manage groundwater on both sides
i.e., demand (manage the people) and supply side (mange the resource/aquifer).
Some recommendations for sustainable groundwater governance and management
are tabulated in Table 6.3.

The monitoring of groundwater is a prerequisite for its proper management, gov-
ernance, development and utilization. “If we cannot monitor, we cannot manage”
(Zakir-Hassan et al., 2020). At present the state-of-the-art in monitoring groundwa-
ter is still not up to the mark. About 50% area of the province, including the Pothohar
region (districts Chakwal, Jhelum, Rawalpindi, Attock), the Thal area, and the
Cholistan area do not have monitoring network coverage. About half of the existing
piezometers have become dead and dry and need replacement. Safety of observation
points is another challenge in the field. Monitoring equipment needs to be upgraded
and the capacities of human resources also need to be enhanced. For more frequent,
consistent, reliable and more accurate data acquisition, some automatic loggers

Table 6.3 Options for the management of water resources

Supply side

Demand side

Improved O & M

Regulatory framework-policy/law
Resource development

Monitoring GW—Aquifers mapping
Protection of GW quality

Rainwater harvesting

Groundwater recharge—Natural and
managed

Watershed management

Water education/professional capacity
building

Storage capacity increase

Storage of flood water in aquifers
Construction of storage dams

Reduced pumping

Efficient use of available surface water resources
Improved land and water productivity—More
crop per drop

Enhancing capacity and awareness

Reliability in water supplies-supply based
Precision irrigation/high efficiency systems
Institutional strengthening

Water & climate smart crop

Irrigation scheduling (how much, when, and how
to irrigate)

Reallocation of water-higher values crops
Cropping patterns/agro ecological zones

Water recycling/waste water use for agriculture
Conjunctive use/water quality management
Awareness and capacity building

Skimming well technology

On-farm storages (supply based to demand based)
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equipped with sensors and transmitters are required to be installed at some safe
points. A framework for the monitoring grid for the Punjab province would look
like this:

Proposed Framework for Installation of Groundwater Monitoring Network

 Division of the province into monitoring zones/basins and sub-basins.

e Coverage of non-canal commanded areas- whole geographical area.

*  Monitoring may vary for basin to basin or sub-basin.

* Demarcation of critical zones.

* Intensive monitoring grid for critical areas/locations like steep slopes/hydraulic
gradients; high depletion rates, extensive extraction like industries, water supply
schemes; fresh-saline interface, potential sites for MAR and rainfall harvesting.

* Monitoring points may be installed away from water bodies to avoid misleading
observations.

*  Water quality shall also be part of monitoring framework.

 Different grids for rural and urban areas.

e Priority to be given to the restoration of dead points-data continuity.

* Build on existing network, instead of complete net network.

» Transboundary location (international, provincial, regional sub-basins).

* Overlapping with other agencies (SMO/WAPDA, PCRWR, and others) shall be
checked.

Demarcation of basins and sub-basins is another important and complex challenge
for the proper management, governance, and monitoring of groundwater resource.
The nature of groundwater is more complex, since it is a hidden and invisible resource,
and does not follow geographical or administrative boundaries. Therefore, its divi-
sion into basins and sub-basins is very complex, and hydrogeological boundary con-
ditions are imperative, which can help in studying the aquifer system and its modeling
for future decision making. A proposed framework for demarcation of groundwater
basins and sub-basins in Punjab is given in Sect. 6.12.2.1.

6.12.2.1 Proposed Parameters for Demarcation of Groundwater Basins
and Sub-Basins in Punjab

* The size of the area- whole province

* Geological conditions/Hydrogeological boundaries

» Topography/Physiography

e Aquifer parameters with a relatively high permeability (aquifers), zones with
limited permeability (aquitards) and zones with virtually no permeability
(aquicludes)

» Sizes of the aquifer/depth

* Land use of the area (cropped, built up, rural, urban, desert, hilly, plain)

» Lithology, (lithological and geophysical)

e Groundwater system (groundwater levels, quality, critical zones, depleting areas),

e Surface water systems (canals, rivers, lakes, drains)
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e Climatic parameters (rainfall, temperature, rainfall, evapotranspiration,
droughts, floods)

» Cropping patterns, cropping zone, crop calendars

» Physiography, i.e., desert, hills, plains

* Aquifer recharge sources

e Climatic Conditions of the Area (rainfall, temperate, drought)

» Existing monitoring systems.

* Population of the area

e Aquifer hydraulic gradient

* Agro-ecological zones

e Current and future use of groundwater

6.12.2.2 Gaps Identification

Although many policies have been approved and implemented to tackle the looming
water crisis in the country, to achieve the objective of bottom-up governance of
groundwater, gaps have been identified for further improvement:

(1) As far as the institutional setup is concerned, there are very few human
resources to manage groundwater as compared to surface water. Therefore,
more dedicated staff with the appropriate capacity are needed.

(il) Management of groundwater at the provincial level may entail transboundary
issues among the provinces, which may require another look at the Water
Apportionment Accord of 1991 (GoP-IRSA, 1991), as in its current iteration,
does not take groundwater into account.

(ii1) Interlinkages between different national and provincial policies and regula-
tions are required to develop a sustainable management plan for ground-
water use;

(iv) At the grassroots level, the Khal Panchayat Act, Punjab Local Government
Ordinance 2021, Punjab Water Act 2019, and other relevant regulations and
policy frameworks may be read together to strengthen the integrated ground-
water governance model at the grassroots/village level;

(v) The Punjab Water Act may be a good initial step, but with the passage of time,
it may not be able to cover the full governance and regulatory challenges of
managing groundwater, since it is much more different and complex as com-
pared with surface water management.

(vi) v) Implementation frameworks for the existing regulatory framework are not
very clear, leading to very slow on-the-ground implementation.

(vii) Consultation with the community/stakeholders on developing IWRM frame-
works is still lacking.

(viii) Proper monitoring and feedback mechanisms need to be embedded in the
regulatory framework.
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(ix) To implement policies, cooperative governance through top-bottom collabo-
ration is imperative. Failure to recognize the role of local bodies/councils
would be a departure from the stated objectives.

(x) Historically, the capacity of local councils at the grassroots level to handle
water management issues has hindered groundwater governance. This aspect
will need to be taken up in integrated mode. Providing training and institu-
tional support at local level is a prerequisite to this.

(xi) The use of solar power in the private sector to pump groundwater is rapidly
taking root in rural areas; proper policy and regulation in this regard is
required. If there is a failure to do so, or if it delayed too long, we will repeat
the history of using up groundwater (as we did in Balochistan) because of
electricity subsidies given to pump groundwater (Khair et al., 2015).

(xii) All water sector challenges must be linked logically with relevant policy
intervention.

(xiii) Generally, policies can not be successful due week and ambiguous, and non-
practicable regulatory framework. Therefore, and well thought regulatory
framework coupled with IWRM framework will warranty the success of
policies.

(xiv) All policies and regulations must be published widely in local languages, so
that these can get public acceptability.

(xv) Role of women and youth needs to be highlighted at policy and implementa-
tion level.
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Chapter 7
Storage and Hydropower

Muhammad Aslam Rasheed and Daud Ahmad

Abstract Pakistan’s economy is heavily dependent on water for use in agriculture
and hydropower generation. The country’s water resources are shrinking, causing a
big gap between allocations and the actual availability of water for irrigation,
municipal, industrial and environmental uses. The storage capacity of existing dams
is decreasing because of siltation. Additional storage is required to bridge this gap
and increase water availability during periods of low supplies.

This chapter is an overview of the developments in water storage and hydro-
power production in Pakistan. It evaluates existing and under construction water
storage capacity to enhance agricultural output and hydropower generation.

The energy sector faces serious supply shortages and financial losses. Initially
Pakistan relied heavily on dams to produce electric power. Subsequently, the focus
shifted to thermal power, which resulted in increased production costs because of
imported fuels. Pakistan’s energy mix became a major issue. Now the emphasis on
hydel power production has again gained momentum, with several new hydel proj-
ects under construction or being planned. Future demand and supply situations have
been analyzed.

Keywords Hydropower generation - Water storage - Supply shortages - Thermal
power - Energy mix - Indus River Basin
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7.1 Land Resources

The total land area of Pakistan is 79.6 million hectares (mha), of which 70 mha is
arid to semi-arid, or about 88% of its total geographical area (PADMU,' 1983). 41
mha of Pakistan’s land is classified as arid, of which 11 mha include the main des-
erts (where climate is hyper arid) (Kahlown & Majeed, 2004). The total cultivated
area is about 22.25 mha, with 8.29 mha classified as culturable waste (Pakistan
Economic Survey 2020-21, 2021), which can be cultivated if irrigation water is
available.

7.2 Rivers and the Irrigation System

Pakistan has six major rivers: the Indus, Jhelum, Chenab, Ravi, Sutlej, and Kabul.
There are three major storage reservoirs —Tarbela and Chashma on the Indus and
Mangla on the Jhelum River. 19 barrages, 12 inter-river link canals, 45 major canal
commands, and over 120,000 watercourses which divert water for irrigation to one
of the largest canal irrigation systems in the world. Pakistan’s current river and
irrigation system is shown in Fig. 7.1.

7.3 Population

Pakistan’s estimated population was 215.25 million in 2020 (Pakistan Economic
Survey 2020-21, 2021). The UN population projections for Pakistan are 309 million
in 2050, which corresponds to a rate of 1.2% from 2021 to 2050 (UNO, 2015). The
population growth rate in the 2017 census was 2.4 percent (Pakistan Economic
Survey 2020-21, 2021). Therefore, the UN population projections seem unrealisti-
cally low. Assuming a rationalized growth rate of 2%, the population in 2050 is
estimated to be 390 million. The substantial increase in population will increase the
demand for both water and power as depicted in Fig. 7.2.

7.4 Water Demand

Water demand has been calculated as per Parry et al. (2016). Parry calculated water
demand for five scenarios considering UN population projections and varying
growth rates, demand management scenarios, and climate change impacts.

Desertification Monitoring Unit of Pakistan Agriculture Research Council.
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Fig. 7.1 Pakistan’s rivers and irrigation networks. (Source: Authors” work)

As discussed, above, the UN population projections are on the lower side. The
authors have accordingly adjusted Parry’s 2016 scenario 4 demands for 2% population
growth. The total water demand of 180.4 billion cubic meters (BCM) in 2015 is
expected to increase to 210.4 BCM by 2050, which is about 3% lower than the demand
of 219.6 BCM projected in Table 4.10 of Chap. 4: Water Supply and Demand: National
and Regional Trends. The difference in the two estimates is negligible and can probably
be attributed to a difference in assumptions, including the population growth rate.

7.5 Water Sector Dilemma

7.5.1 Coping with Growing Demand

Because of its rapidly increasing population, Pakistan faces a difficult situation in
terms of water availability and the sustainability of irrigated agriculture—and hence
food security—in the years to come. Chapter 4 of this book has evaluated the food
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Fig. 7.2 Anticipated population growth, water demand, and power demand. (Source: Authors’
work using data from Parry et al., 2016)

requirements for 2025, which are expected to increase significantly. Table 4.6 in
Chap. 4 summarizes the projected requirements and production of different crops in
2025. It indicates that food grains will fall short by 37%; sugarcane by 43%; cotton
by 23%; pulses by 26%; oilseeds by 55%; vegetables by 37%, and fruit by 44%.
Pakistan has already become a net importer of food items, including wheat,
sugar, edible oils, and pulses, etc. Therefore, better management of water resources
is needed to meet food requirements. While additional storage is required to provide
water to extend agricultural areas, storage alone cannot solve all the problems since
there are only limited unutilized water resources available to store. Additional
measures are required to meet food and fiber requirements. Some of these include
increasing crop yields, water conservation and management, rain water harvesting,
high efficiency irrigation systems, and rationalization of cropping patterns, including
substituting crops that need more water with those needing less water. Treatment
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and the reuse of sewage effluent also need to be considered. These measures have
been discussed in Chap. 3 and are not repeated here.

With the rapid growth in population and urbanization, municipal and industrial
water demands have also increased and compete with irrigation demand.

The availability of surface water flows varies significantly from year to year. Too
little water is available when it is needed; too much when it is not. Water availability
can be increased in three ways: the rational use of groundwater, conservation of
seepage losses, or through the creation of carryover storage to store surplus water so
it can be released, when needed most, during low flow periods.

Groundwater use in the Indus basin has more or less reached the upper limit and
there is very little potential to increase it further (World Bank, 2004). The presence
of saline water below the freshwater zone poses the risk of saltwater intrusion from
over-pumping fresh groundwater and limits the possibility of any significant
increase in groundwater use.

It is often argued that water conservation is a cheaper alternative to storage to
make additional water available and that it is preferable. Water conservation
measures can potentially save about 5.8 BCM of seepage losses (Rasheed & Ehsan,
2004). But it should be be noted that all of this water is not currently lost and some
is later pumped back as groundwater. As such, water conservation should be
approached with caution, as its effect on the availability of fresh groundwater has
been established. Also, savings are linked to canal diversions and can be used at the
same time, either for crop intensification or to irrigate additional areas in the same
canal command. Another drawback to this approach is that the water can only be
used when available and cannot be used in other seasons. Water conservation cannot
solve the problem in periods of shortages or help extend irrigation into new areas.

Considering the limitations of both additional groundwater use and water con-
servation, the only viable option to increase water availability seems to be the con-
struction of storage reservoirs. The downstream impacts of storing water, such as
sea intrusion, along with other environmental, ecological, and social impacts from
the reduction in surplus flows, need to be studied in detail. The Water Apportionment
Accord (Sect. 7.8.3) mandated that further studies would be undertaken to establish
the minimal escape needs downstream of Kotri Barrage. Both Sindh and Punjab
have carried out separate studies to determine the escape needs downstream of
Kotri, reportedly with different results. Still, as there is no consensus on the escape
needs, the allocation of the balance river supplies (unused river supplies after divert-
ing authorized shares to the provinces) which could be shared by the provinces, as
per the provisions of the Water Apportionment Accord, remain undecided.

Storage reservoirs would also have the significant additional benefits of provid-
ing hydropower and flood control. In recent years, the development of large dams
has been looked upon unfavorably because of the significant environmental, social,
and cost implications. However, most of Pakistan’s water needs will be within the
Indus system and, given the size of the Indus, large storage is the only realis-
tic option.
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7.5.2 Coping with Floods

Pakistan is one of five South Asian countries that have the highest annual average
number of people physically affected by floods (UNDP, 2001). The alluvial plains
of the Indus river system formed as flood plains and remain vulnerable to recurrent
flooding. Riverine floods occur during the summer monsoons. Flash floods and
hazardous landslides occur frequently in the northern and western mountains.
Districts along the Indus plain are particularly affected by riverine floods, while hill
torrents tend to affect the hilly districts located in the northern and western parts of
Pakistan.

The flood situation has worsened because of climate change. Pakistan is
extremely vulnerable to the effects of climate change, including the rapid melting of
glaciers that increase the base flow in rivers, and variability in rainfall patterns. In
2022 extremely heavy rains occurred in southwestern areas which normally received
less rainfall.

The floods in 2010 and now in 2022 are often called super floods. These floods
were mainly triggered due to unusually high rains. As per news reports, the 2022
floods in Sindh and Balochistan received almost more than six times the average
rainfall of the last 30 years. Similarly, heavy rains occurred in Southern Punjab,
Khyber Pakhtunkhwa and Gilgit Baltistan, and have caused extensive damage in
these areas. About 1500 people have lost their lives and about 15,000 have been
injured (as of September 2022) and 33 million people have been affected. About 7.6
million people were temporarily displaced and 575,000 people are still living in
make shift camps. About 1.8 million houses have been either partially or fully
destroyed. More than 936,000 livestock have been killed. About 800 health facilities
have been damaged, of which 180 are completely damaged, leaving millions of
people lacking access to health care and medical treatment. Over 18,000 schools
were damaged or destroyed. At least 5000 km of roads and more than 150 bridges
have been damaged or destroyed. Nearly 40 small dams have been overtopped and
damaged. Crops over an area of nearly 1 million ha have been destroyed. The overall
damage because of the floods has exceeded $10 to $12 billion so far (UNOCHA,
2022), which is likely to go up when the full damage assessment is available.

Three types of flooding occurred, including: (i) Urban flooding in several cities
and urban centers. (ii) Flash floods from hill torrents which spread over vast areas
(iii) River flooding.

7.5.2.1 Rainfall

Parts of Pakistan received excessively heavy rainfalls in July and August 2022, the
most over a 62-year period. In July 2022, rainfall was 450% above average for
Balochistan & 307% above average for Sindh, with both experiencing the wettest
months ever during the past 62 years. (PMD, 2022).
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The excessive rainfall continued in August 2022, with it being 590% above aver-
age in Balochistan, 726% above average in Sindh, 233% above average in Gilgit
Baltistan, 58% above average in Punjab and 52% above average in Khyber
Pakhtunkhwa; meanwhile, rainfall in Azad Jammu & Kashmir was 3% below
average. (PMD, 2022).

On the flip side, despite unusually heavy rains in the southern and western areas
of Pakistan, there was insufficient rain in the catchment of the Jhelum river. As a
result, the Mangla dam reservoir was only half full and was unlikely to be filled
in 2022.

The torrential rains caused massive floods in Balochistan, Sindh, and southwest
Punjab, as discussed in the following sections.

7.5.2.2 Urban Flooding

Urban flooding occurred because of excessive rainfall and a lack of outfall capacity
to drain the accumulated water. Extensive urban flooding occurred in Karachi,
Hyderabad, Quetta, Khairpur, Larkana, Nowshera, and several other urban centers.
Over time, the carrying capacity of the cities’ drainage channels has decreased,
resulting in the rise of water levels in the streets and roads practically being turned
into rivers. Water entered houses and damaged appliances and furniture. This type
of flooding can be controlled or minimized by improving the flood carrying capacity
of various carrier channels through the removal of encroachments, the construction
of flood containment dykes along the carrier channels, and by ensuring proper
outfall capacity and maintenance of unhindered water ways.

7.5.2.3 Flash Floods

High-speed flash floods flowed from hill torrents in Balochistan, Sindh, Southern
Punjab, and DI Khan, which, on reaching the plains, covered vast areas, resulting in
the loss of human lives and livestock, and damaging houses, agriculture, and
infrastructure. These flash floods most likely caused maximum damage, including
the failure of more than 40 dams.

Management of flash floods calls for a comprehensive approach, including build-
ing properly designed and maintained dams where feasible, constructing delay
action dams, improving the flood carrying capacity of various carrier channels
through the removal of encroachments, constructing flood containment dykes along
the carrier channels, and ensuring proper outfall capacity and maintenance of
unhindered water ways. Because of the steep slopes in these areas, high dams would
need to be built to store even small quantities of water, which would then be more
expensive. And because of the variability in rainfall, the dams might not be filled
every year and so there would be a low cost-benefit ratio. It may be pointed out that
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Drawat Dam in Sindh, completed in 2014, was only filled for the first time in 2022.
The 41 m high dam has a live storage of 110 million cubic meters and a command
area of 10.117 ha. As such, the construction of dams in hill torrent areas can only be
justified for flood control benefits, with limited irrigation benefits.

7.5.2.4 River Flooding

River flooding occurred due to a combination of various factors, including the early
melting of glaciers, bursting of glacier lakes, and excessive rainfall in part of the
catchment. The Swat River was badly affected as roads, bridges, and more than 50
hotels and restaurants built on the edge of the river were washed away. The Munda
Headworks was also damaged. The cofferdam of the Mohmand Dam, currently
under construction, was breached and water entered the under construction
diversion tunnel.

The upper reaches of the Indus river were also flooded, resulting in damages to
bridges and washing out the employees’ camp of the Dasu Dam, also currently
under construction. As of September 6, 2022, the flood wave was passing through
the lower reaches of the Indus and about 17,108 m’/s was approaching Kotri
Barrage.

Flood-protection infrastructure in Pakistan comprises about 6800 km of flood
protection embankments and 1410 spurs, which protected most vulnerable reaches.
More embankments and spurs are needed to protect the presently unprotected
areas. In Sindh, as the river flows over relatively higher ground and the overflow
water does not return to the river, two lines of flood protection embankments have
been provided. Provincial Irrigation Departments maintain this flood infrastructure.
During the current floods the flood protection infrastructure worked reasonably well
except at a few locations. Because the water level in Manchar Lake rose alarmingly
high, the protection bund was purposely breached at three places in order to prevent
uncontrolled breaches and save those nearby. Still, the water level could not be
controlled and ultimately breached the main embankment, flooding large areas.
Evaluation of the flood protection infrastructure may reveal that some additional
embankments and spurs might be needed.

Building storage on the Indus and its tributaries could mitigate flood magnitude
and resulting damage. While there is the common perception that if Kalabagh dam
had been built, the damage could have been avoided, Kalabagh alone could not have
absorbed all the flood peaks. Kalabagh would not have relieved any of the urban
flooding or flash flooding from hill torrents. To minimize flash flooding several
storage dams as well as delay action dams are required on the hill torrents. Kalabagh
would have reduced flooding on the Indus river downstream of Kalabagh, but more
dams are also needed in addition to Kalabagh Dam. A dam on the Swat River near
Kalam would reduce flooding in the upper reaches of the Swat River, where
significant damage occurred this year. The under construction Mohmand Dam will
reduce flood magnitude and resulting damages in Nowshera.
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7.6 The Challenges of Hydropower in Pakistan

At the time of independence in 1947, Pakistan had an installed power generating
capacity of only 60 MW, which increased to 119 MW by the late 1950s. In 1959,
the Water and Power Development Authority (WAPDA) was established to
develop and manage Pakistan’s water and power resources, except for the
Karachi area, which was being served by the Karachi Electric Supply Company
(KESC). During the 1960s and 1970s, WAPDA undertook development of major
hydropower and irrigation projects under the Indus Basin Program, through
which large dams such as the Mangla and Tarbela and an integrated network of
barrages and link canals were constructed. Power generation capacity reached
about 3000 MW towards the end of the 1970s. The hydropower development
program hit a major snag in the 1980s when the proposed Kalabagh Dam, which
was deemed to be the next logical project, faced major political opposition and
could not be implemented.

Electric power demand has been higher than the population growth rate because
of increased agricultural and industrial demands, higher living standards and the
extension of the power distribution network to new areas. During the past three
decades, power demand has been increasing around 8% per year. The average
annual growth in power generation has lagged behind demand between 2 to 8%
during this same time period. Pakistan started to face serious power shortages in the
late 1980s, when demand exceeded supply by 2000 MW. Since then, power
shortages have become a serious and chronic problem hampering Pakistan’s social
and economic growth.

Unable to pursue the hydropower route, different political governments opted
for alternative power generation sources—thermal and renewable energy—
mainly through private sector investments. A large number of natural gas plants
were installed in the late 1990s and early 2000s. Subsequent shortages in natural
gas supply affected this mode of production. Pakistan then started to look to
imported fuels for energy generation. Earlier administrations generally favored
importing coal and liquid natural gas (LNG), while later administrations favored
importing fuel oil. They also tried rental power plants, which did not work.
Starting in 1995, there was a major shift in the energy generation mix towards
thermal plants, resulting in much higher production costs, and imported fossil
fuel bills resulting in huge government subsides. An over-reliance on imported
fuels, which are subject to price fluctuations, for thermal generation is at the
core of Pakistan’s energy crisis. Hydropower, which once underpinned the
country’s power sector, accounting for nearly 50% of power generation in 1991,
now only comprises 28%.

The growth in population, together with an improved standard of living, will also
give rise to a significant increase in power demand. Currently, about 61.4% of power
is generated through thermal power plants, which mostly depend on costly imported
fuel such as RLNG, furnace oil, and coal, etc. Diesel-operated plants are being
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Fig. 7.3 Power demand, production capacity, and supply trends. (Sourced from: http://www.ntdc.
com.pk/Files/PSS%?2043rd%20Edition.pdf. Public domain)

phased out. Nuclear generation accounts for 6.7%, whereas renewable energy
resources, such as wind, solar, and bagasse make up a meagre 5.4%. Hydropower
can be generated both from storage reservoirs and runoff river projects. The
government has planned to increase the share of hydel generation to 40% by 2030
(NTDC, 2021).

Figure 7.3 shows the supply and demand curve for power in Pakistan along
with its production capacity. Pakistan’s average annual power demand growth is
around 8%, and the average supply growth rate since 1990 has been around 4.6%.
Population growth alone adds about 1000 MW of power demand every year.
According to the World Bank, taking into account expected economic growth,
Pakistan’s energy demand over the next 15 years is expected to grow at a rate of
between 4.4 to 6.1% per annum. A striking feature of Pakistan’s power situation
is a mismatch between production capacity, demand and actual supply. Currently
Pakistan has nearly 150 operational power plants, with a potential to produce
37,000 MW, but actual production has only averaged about 15,000 MW in the
last decade.

Despite significant increases in production capacity in the last 5 years, mainly
through China Pakistan Economic Corridor (CPEC) projects, Pakistan is still facing
power shortages because of various technical, financial, and management factors
that will be discussed later. This electricity crisis is estimated to have cost the
economy at least 2% of GDP ($5 to 6 billion) annually in terms of lost output—and
a further 1.2% of GDP each year, on average, in terms of fiscal costs to the budget
between FY2007 to FY2019. From an economic perspective, it is distressing to see
that the circular debt that stood at Rs.1.2 trillion in 2018 was reported to be Rs.2.3
trillion in December 2020. The government subsidies to the power sector during FY
2011-14 averaged 91% of total government subsidies (Asian Development
Bank, 2014).
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Salient Features of Pakistan Water Policy (2018) regarding Storage and

Hydropower

1. The “Indus Basin Replacement works” (dams in particular) are approach-
ing the end of their designated life span because of siltation, requiring
replacement storage.

2. Storage is the most important instrument of mitigation against the impact
of climate change.

3. The impact of climate change shall be minimized by storing water in carry
over surface storage.

4. Water availability can be enhanced through reduction in water loss, addi-
tional water storage through large, medium and small dams, recycling used
water, desalinization of sea water, and more efficient water use.

5. The existing water storage capacity of 17.3 BCM shall be increased by
immediately starting construction of the Diamer-Bhasha Dam Project with
7.9 BCM live storage.

6. The accelerated development of hydropower shall be treated as a high-
priority objective. Water projects with power generation potential shall be
given preference.

7. The government shall encourage private power producers to develop
hydropower.

Source: (Pakistan Water Policy, 2018)

7.7 Policy Perspective on Storage
and Hydropower Generation

The Pakistan Water Policy (2018) recognizes the importance of storage and hydro-
power generation in Pakistan and sets out targets for the future development of stor-
age and hydropower generation. It provides a set of agreed-upon national targets for
water conservation, water storage, water treatment, and clean drinking water, and
envisages hydropower development in order to increase the share of renewable
energy. Relevant abridged extracts from the Water Policy relating to storage and
hydropower have also been given in the sidebar.

7.8 The Need for Storage in the Indus Basin

The need for storage in the Indus Basin is dictated by climatic and hydrologic fac-
tors to provide the required amount of water in different seasons.? Only 9% of
Pakistan receives more than 50 cm of rain per year. A further 22% receives between

%A typical water year in Pakistan commences from April. Period from April to September is known
as kharif season while period from October to March is called rabi season
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20 to 50 cm and the remaining 69% receives less than 25 cm. 70 to 80% of the total
annual rainfall of Pakistan occurs in the monsoon months of July, August, and
September (UNO, 2000). Scarcity and uneven rainfall give rise to the need for irri-
gated agriculture which in turn depends on water released from storage.

About 79% of the flow of the Indus River and its tributaries occurs during the
summer season (kharif season) while the remaining 21% occurs during the winter
season (rabi season). Even within the kharif, most of the flow occurs during the
90-day period from mid-June to mid-September. As such there is a need to store
water during the flood season in order to meet the irrigation demands of low flow
periods. Besides hydrological factors, there are several other factors which dictate
the need for storage in The Indus Basin System (IBS). These include:

e The Indus Waters Treaty between India and Pakistan (1960), which has created
the need for storage to transfer the water from the western rivers to the eastern
rivers allocated to India.

e To meet the shortfall in water allocation under the Water Apportionment
Accord, 1991

» To replace the capacity of existing storage lost due to sediment deposits in the
reservoirs.

* To generate hydropower

The IBS not only has to meet the irrigation requirements as agreed under the 1991
Water Accord, but also provide enough water supplies to increase the irrigated area,
and to meet the demands of a growing population. This can only be done by storing
surplus flood flows during the summer and releasing them during the winters when
river inflows are low.

Existing large storage facilities as well as future large storage sites all lie in the
Indus Basin (IBS) on the river Indus and its tributaries. Accordingly, all analyses of
water resources, water use, and storage potential are restricted to the Indus Basin
System (IBS). Small storage reservoirs constructed for local use, both in the Indus
Basin and in other smaller basins, have small storage capacities and do not have any
noticeable hydropower potential. As such, small dams have not been covered.

7.8.1 Contribution of Existing Storage Reservoirs to Increased
Water Availability

The Tarbela and Mangla reservoirs, constructed as replacement works under the
Indus Water Treaty, have substantially contributed to water availability in the IBS as
shown in Table 7.1.

The average canal diversions before the completion of the Mangla Dam stood at
104.64 BCM which increased to 116.95 BCM after its completion. Similarly,
average canal diversions in the 1977-82 period increased to 124.33 BCM after the
completion of the Tarbela Dam. The overall average annual canal diversions for
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Table 7.1 Historic canal Canal head

water diversions Year diversions BCM | Remarks
1949-50 82.48 Just After Independence
1959-60 104.64 Before Indus Basin Treaty
1967-68 116.95 Post Mangla
1975-76 124.33 After Tarbela Commissioning
1977-82 128.59 Post Tarbela (average)
1991-92 128.19 After Water Accord
1977-2019 | 125.09 Post Tarbela Average

Source: Based on data from Water Resources Management
Directorate, WAPDA

irrigation in the Indus Basin for the post-Tarbela period (1977-2019) have now been
reduced to 125.09 BCM due to the combined effects of sediment deposits reducing
the reservoir storage capacity and the drought of 1998-2002.

7.8.2 Indus Waters Treaty

When Pakistan and India achieved independence in 1947, the borders of the two
countries divided the Indus River Basin, leaving India the upper and Pakistan the
lower riparian state. In 1960, Pakistan and India concluded the Indus Water Treaty
mediated by the World Bank. Under the treaty, Pakistan was allocated unrestricted
use of the western rivers (the Indus, Chenab. and Jhelum) and India was given unre-
stricted use of the eastern rivers (the Ravi and Sutlej) (Birch et al., 2006).

In order to supply water to the irrigation systems that used the eastern rivers’
water prior to the treaty, two large storage dams (the Mangla and Tarbela), six
barrages, and eight inter-river link canals were constructed. The Chashma Barrage
also has a small storage reservoir.

Under the Indus Water Treaty, a permanent Indus Water Commission, compris-
ing one commissioner each from India and Pakistan, monitors the implementation
of the treaty. The two countries are required to share data on common rivers. The
commission holds regular meetings and any points of disagreement are discussed.

7.8.3 Water Apportionment Accord

The Water Apportionment Accord on the distribution of water in the Indus River
System was reached between the provinces in 1991. The actual average system uses
for the period 197782 were utilized as guidelines for developing future regulation
patterns. Actual water use during the 1977-82 period was 128.59 BCM. However,
after adjusting for the provinces’ future planned projects, 140.89 BCM (95.36 BCM



194 M. A. Rasheed and D. Ahmad

in kharif and 45.63 BCM in rabi) was distributed among the provinces.* An addi-
tional 3.7 BCM were allocated for civil canals in NWFP (now Khyber Pakhtunkhwa,
or KPK). The shortfall in actual water use prior to the accord and accord allocations
can only be met by building additional storage and diversion capacity in the system.

The water distribution in the light of the accord is managed by the Indus River
System Authority (IRSA). IRSA has five members; one from each province and one
from the federal government. Chairmanship of IRSA rotates among the members.
IRSA adopts a probabilistic approach to assess available water at rim stations, and
keeping in view the available storage in the reservoirs, allocates 10-daily* irrigation
indents for a season with the consent of the provinces.

The major storage reservoirs are maintained and operated by WAPDA. The oper-
ation of the reservoirs and releases follow the indents prescribed by IRSA.

7.8.4 Replacement of Lost Storage Capacity

The existing reservoirs of the Mangla, Tarbela and Chashma, built as part of the
Indus Water Treaty, are losing their storage capacity due to sediment accumulation
as shown in Table 7.2.

Tarbela has lost almost 38% of its capacity whereas the raised Mangla has also
lost 11.8% capacity and Chashma has lost 62.3% of its capacity. The overall loss in
capacity of the three reservoirs is about 27.6%, which continues to increase with
time. Additional storage is needed to replace this lost storage capacity in the IBS.

Table 7.2 Loss of storage capacity of existing reservoirs in the IBS

Live storage capacity
Reservoir Original Existing Loss of storage % loss
Tarbela 11.95 7.34 4.61 38
Raised Mangla 10.16 8.965 1.195 11.8
Chashma 0.88 0.332 0.548 62.3
Total* 22.99 16.637 6.354 27.6%

Source: Authors’ estimate based on WAPDA data
Note: All capacities in BCM
“Total live capacity of Tarbela, Raised Mangla and Chashma

3For inter provincial distribution see Chap. 3 of this book.

“Water accounting in Pakistan is done on a 10-daily basis. The first and second periods in a month
are each 10 days’ long whereas the last “10-day” period includes all the remaining days of the
month. The 10-daily refers to the average flows for each 10-day period.
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7.9 Surface Water Availability in the Indus Basin

In order to estimate the IBS’ storage potential, its water balance has been estimated.
The essential components of the water balance include: surface water availability,
water use for irrigation, municipal and industrial supplies, system losses, escape to
sea, and environmental flows.

7.9.1 Inflows

The Indus River and its tributaries, the Chenab, Jhelum, and Kabul rivers, are the
main source of surface water. The Indus river rises in the Tibetan region of China
and flows across Kashmir and through Pakistan to the Arabian Sea. Pakistan is fully
dependent on the water of the Indus and its tributaries to support both its agriculture
and its level of population. Without the water of these rivers, much of the region
would be desert.

Surface water availability in Pakistan is dictated by the Indus Water Treaty
between India and Pakistan. The average river inflow for the period 1977 to 2019
amounts to 188.84 BCM (149.20 BCM in kharif and 39.64 BCM in rabi) as shown
in Table 7.3.

The average inflow (1977 to 2019)° at rim stations from the western rivers
amounted to 181.02 BCM while during the same period an average of about 7.82
BCM flowed through the two eastern rivers, mainly during the summer.

Figure 7.4 shows the annual distribution of inflows at rim stations. Figure 7.5a
shows the distribution of inflows contributed by the Indus and its major tributaries.
Figure 7.5b shows that about 79% of the total flow occurs in the kharif whereas the
remaining 21% flows in the rabi.

Table 7.3 Average water availability (1977 —2019) of the Indus Basin at Rim Stations

Season
Location Kharif Rabi Annual
Indus at Kalabagh 96.03 25.80 121.83
Jhelum at Mangla 21.25 6.37 27.62
Chenab at Marala 25.83 5.74 31.57
Sub-Total (Western rivers) 143.11 37.91 181.02
Ravi at Balloki 3.75 1.16 491
Sutlej at Suleimanki 2.34 0.57 291
Sub-Total (Eastern rivers) 6.09 1.73 7.82
Total 149.20 39.64 188.84

Source: Estimates based on inflow data from IRSA. All values in BCM

>While inflow data on the Indus is available from 1929 onwards, the analyses use data from 1976,
after the completion of the Tarbela dam.
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Fig. 7.4 Rim station inflows —1977 to 2019. (Authors’ work, using inflow data from IRSA)
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7.9.2 Canal Withdrawals in the Indus Basin

Since 1992, canal withdrawals in the Indus Basin have been governed by the 1991
Accord signed by the provinces. Average canal withdrawals from the Indus Basin
during 1977 to 2019 varied between 91 BCM and and 148.8 BCM with an average
of 125.1 BCM as shown in Table 7.4. Figure 7.6 shows the percentages of canal
diversion to the provinces.

It may be noted that the Accord allocation of 140.89 BCM (excluding the alloca-
tion for KPK (NWFP) Civil Canals) is about 9-10% higher than the average historic
uses in the Indus Basin prior to the Accord, which were of the order of 127-128
BCM. Presumably, the allocations were fixed at this higher level because there was
an assumption that further storage would be built—an assumption that turned out to
be incorrect. As aresult, since 1991, the annual canal diversions have varied between
91.0 and 148.8 BCM. The present system is not capable of supplying the allocated
amount because of shortages in available river supplies in the early kharif season
and higher-than-needed runoff in July through September, which cannot be stored
for subsequent use because storage capacity is lacking. The availability of surface
water from the Indus and its tributaries can best be improved by constructing carry
over storage reservoirs.

7.9.3 Outflow to the Sea

The annual outflows to the sea from 1977 to 2019 are shown in Fig. 7.7. The average
outflow to the sea during 1977 to 2019 amounted to 34.5 BCM, with a maximum of
113.3 BCM and a minimum of 0.4 BCM as shown in Table 7.5. The decline in the
outflow to the sea, is the result of increased withdrawals upstream combined with
several relatively dry years since the year 2000, as shown previously in Fig. 7.4.

Table 7.4 Canal withdrawals: 1977 to 2019

Seasonal/ Annual Punjab Sindh Baluchistan Khyber Pakhtunkhwa Total
Kharif 41.4 354 1.7 4.4 82.9
Rabi 21.9 16.7 1.0 2.6 42.2
Annual Average 63.3 52.1 2.7 7.0 125.1
Max (1977-2019) 71.8 63.8 39 9.2 148.7
Min (1977-2019) 45.7 389 1.6 4.7 90.9

All values in BCM. IRSA
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Table 7.5 Outflows to sea (BCM): 1977 to 2019 (IRSA)
Season Kharif Rabi Total
Average 324 2.1 34.5
Maximum 108.8 15.2 113.3
(1994.95) (1992.93) (1994.95)
Minimum 0.3 0.0 0.4
(2004.05) (2001.02) (2004.05)

Note: Values in bracket denote years of corresponding maximum/minimum flows

7.9.4 Water Losses from Rim Stations to the Sea

Water losses through the river system have been estimated as the difference between
inflows and the sum of canal withdrawals and outflows to the sea in Table 7.6.
Accounting for canal withdrawals of 125.09 BCM during this period (1977 to
2019), on average 29.21 BCM (23.7 MAF) of water is lost from rim stations to the
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Table 7.6 Estimated gains and losses (1977 to 2019)

Season Average inflow | Average canal withdrawal | Outflow into sea | Gain / loss
Kharif 149.20 82.85 32.46 —-33.89
Rabi 39.64 42.24 2.08 4.68
Annual | 188.84 125.09 34.54 -29.21

Note: Negative values mean loss from rim station to the sea and positive value means gain /increase
in flow from rim station to sea

Table 7.7 Surface water balance of the Western Rivers of Indus System (1977 to 2019)

Discharge

Description (BCM)
Inflow
Western Rivers Inflow 181.02
Eastern Rivers Inflow Not considered
System Losses —-29.21
Net Inflow 151.81
Outflow

Average Canal Diversions 125.09
Available Surplus

Surplus with Actual Diversions 26.72

(Net Inflow —Actual Diversion)

sea because of seepage or unaccounted-for water and unauthorized uses within
the system.

7.9.5 Surface Water Balance of Indus System

The water balance of the Indus system under average inflow conditions is shown in
Table 7.7. The water balance considers the current level of average canal diversions
and considers inflow from the western rivers only. Eastern river flows have been
neglected due to their unreliability with the assumption that not including these will
compensate for any future water use by India on these rivers in line with the Indus
Water Treaty.

Under average inflow conditions (1977 to 2019), 26.72 BCM of surplus flow is
available to meet the shortfalls in average canal diversions and has the potential to
augment supply while still meeting the likely environmental needs below the Kotri
Barrage. On average 34.54 BCM flow to the sea annually.

Over the last 44 years, a total of 1485 BCM have flowed into the sea, equivalent
to more than 12 years of average canal withdrawals during the same period. Once
environmental needs are assessed and agreed upon, the remainder of the water could
be effectively utilized to supplement irrigation and hydropower generation, but only
with additional storage.
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7.9.6 Environmental Flows

Environmental flows are those required to maintain the aquatic ecology of natural
waterways. In the case of the Indus Basin, these include:

i. Maintaining the minimum flows in eastern rivers
ii. Maintaining outflows to the sea to an acceptable level

The environmental flows required to maintain an ecological balance in the rivers
downstream of the reservoirs have received little attention in the past. The Indus
Water Treaty did not consider the environmental flows needed for the Ravi and
Sutlej rivers, which dried up after all of the water in these rivers was allocated to be
used by India. As a result, groundwater recharge has decreased and available fresh
groundwater has also decreased. Pakistan is currently studying the adverse
environmental impacts of allocating the waters of the eastern rivers to India.

The environmental flows required in the Indus below the last control structure—
Kotri Barrage—to prevent sea water intrusion in the Indus delta and maintain an
ecological balance have been recognized under the Water Accord. Despite several
studies, no consensus has been reached on what the actual requirements may be.
Both Sindh and Punjab have carried out independent studies but their conclusions
have not been made public.

WAPDA is conducting a feasibility study of the proposed Sindh Barrage, to be
constructed on the Indus below the Kotri Barrage to minimize the environmental
problems downstream. The proposed Indus barrage is to be located about 30 km
upstream the Indus River outfall from the sea. Project objectives include water
storage of about 2.5 to 3.7 BCM in order to utilize about 5 BCM of fresh water,
reduce sea water intrusion, and improve the growth of mangroves/marine life,
increase irrigation water supply to the surrounding areas, improve the ecology of the
Indus river downstream of Kotri, help flood mitigation for the surrounding 30,400 ha
of land and supplement the domestic water supply to Karachi and other towns. Two
canals, one on each side, have been proposed for irrigation and drinking water in the
coastal area up to Dhabeji and Tharparkar, which will irrigate about 22,300 ha of
land that has been lost due to desertification and high soil salinity.

7.9.7 Existing Storage Projects in the Indus Basin

Pakistan’s current storage capacity in the Indus Basin is about 9% of the average
annual inflow. This is much lower than the estimated world average storage capacity
of 40%. In comparison, the storage capacity of the Colorado river is 497% and
281% on the Nile. The current carryover capacity in Pakistan is only about 30 days,
whereas the carryover capacity in the U.S. is 900 days, 700 days in Egypt, 600 in
Australia, and 500 in South Africa (WAPDA, 2021) Fig. 7.8 shows a sattelite image
of Tarbela Dam.
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Fig. 7.8 Satellite image of the Tarbela Dam Project. (Source: Google, Maxar Technologies, 2021.
Used with permission according to Google Terms of Use)

Table 7.8 Existing storage projects

Present live storage
in the IBS

Reservoir capacity (BCM)
Mangla (after raising) | 8.97
Tarbela Dam 7.34
Chashma 0.33
Total 16.64

There are one minor and two major storage reservoirs in the Indus Basin: the
Mangla, Tarbela and Chashma, which have a combined storage capacity of 16.64
BCM (Table 7.8).

7.9.8 Storage Projects Under Construction

At present two major reservoirs are under construction in the Indus Basin: the
Diamer Bhasha on the Indus and Mohmand Dam on the Swat river, a tributary of the
Kabul River. These projects will have a live storage capacity of 8.72 BCM (7.89
BCM for Diamer Bhasha and 0.83 BCM for Mohmand). The Dasu Dam, also cur-
rently under construction, will have a nominal storage capacity and will operate as
a run-of-river hydropower project.

7.9.9 Planned Storage Projects

There are five storage projects planned on the Indus River with an estimated com-
bined storage capacity of 28.36 BCM (Table. 7.9).
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Table 7.9 Planned storage Gross

projects in IBS Project storage
Shyok 6.78
Skardu 3.7
AKkhori 7.40
Kalabagh 7.40
Indus Barrage | 3.08
Total 28.36

Flows (BCM)

— NFLOW (WESTERN RIVERS) == == Average Canal Withdrawals == ) == Accord Flows

Fig. 7.9 Average inflows (western rivers) and canal diversions (1999 to 2018). (Authors’ work
using data from IRSA)

7.10 Storage Potential of the Indus Basin

The Water Apportionment Accord allocated 144.5 BCM of water to provinces. The
main source of inflow is the western rivers, as the inflow of the eastern rivers is not-
reliable. A plot of the average 10-daily inflow of the western rivers, average canal
diversions and accord allocations for the period 1999 to 2018 is shown in Fig. 7.9.
It can be seen that surplus water is available from April to the start of September,
after which allocated withdrawals exceed available inflows. Thus, water has to be
stored in the summer season to meet canal water requirements in the winter season.

A diagram showing the cumulative inflows from the Western rivers and the canal
withdrawals for the post-Tarbela period is presented in Fig. 7.10. It indicates the gap
between availability and the use of surface water and shows a possible potential
draft (withdrawal) on the order of 165 BCM, still leaving enough surplus to meet
the environmental requirements below Kotri. This draft will only be possible if
enough storage capacity (about 37.5 BCM) is provided in the system to capture
large flows through a cascade of reservoirs so that the stored water can be used in
dry seasons/years.
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Fig. 7.10 Mass diagram of western rivers of Indus Basin Flows. (Authors’ work using data
from IRSA)

7.11 Small Dams

7.11.1 Definition and Purpose

As per the International Commission of Large Dams’ (ICOLD) criteria, small dams
are those with a height of less than 15 meters from the foundation or with a height
between 5 to 15 meters and a reservoir capacity of less than 3 million cubic meters.
However, in Pakistan the restriction on the height of small dams is generally not
observed, and dams with heights exceeding 40 m but with less than 3 million cubic
meters’ storage have been designed and constructed and classified as small dams.

Thus, Pakistan has more than 100 dams on smaller streams which are classified
as small dams, but most of these fit the category of large dams due to their height as
per ICOLD criteria. These dams have significantly small storage volumes and only
irrigate relatively small command areas. These dams do not have the potential to
mitigate shortages on a system-wide basis; rather, they are useful only to the com-
mand areas covered by such dams.

The basic purpose of these dams is to conserve available flood and rain water for
agriculture and minimize the adverse effects of drought and water scarcity in arid/
rainfed areas. Besides providing much-needed irrigation water, these dams also pro-
vide drinking water to the local population in their vicinity. The construction of
small dams is often done without command area development. The absence of these
command area works results in delayed benefits.
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7.11.2 Performance of Small Dams

Where the command areas have been developed, these dams have been successful
in improving the socioeconomic conditions of their respective areas. After
construction, land use, crop intensities, and crop yields have all improved.

A study by National Engineering Services (Pakistan) Ltd. (NESPAK) (1991)
evaluated 31 small dams both in Punjab and NWFP (now Khyber Pakhtunkhwa)
and concluded that only 32% of the anticipated command areas were developed,
and that average cropping intensity was only 35% as opposed to the target of 96%.
On average, 69% of anticipated water was being released from the reservoirs.

The situation has now improved. A recent study (NDC-EGC, 2015) on ‘“small
dams” in Punjab covered 53 dams: The study concluded that the dams have
comparatively fewer problems and that the shortcomings can be fixed easily, except
for a fewdams which have spillway problems. Problems in the irrigation canals can
still be noticed as some of the canals have either not been built or have not yet
become functional, and some outlets are not appropriate,® resulting in inequitable
distribution. The positive outcome is that wheat yields have increased from
1107Kg/ha to 2490 Kg/ha and yields of maize have increased from 1015 Kg/ha to
2859 kg/ha but they still have not reached their full potential. An analysis of crop-
ping intensity for the period 2010 to 2014 indicated that mean kharif cropping inten-
sity varied from O to 103%, while mean rabi cropping intensity varied from O to
105%. Out of 53 dams, there are six dams (11%) that do not irrigate any land
because the command areas have not been developed.

The Irrigation Department’s rationale for not developing the command areas is
that the dams are always capital-intensive. It is difficult to get an Economic Internal
Rate of Return (EIRR) of more than 12% if the cost of developing the command
areas, including lining water courses, levelling the land, and installing high
efficiency irrigation systems is also included in the construction costs. Therefore,
almost all the projects are designed and implemented without including command
area development, which is considered a secondary effort to be implemented in later
years, after the projects are completed. But the absence of command area works
results in delayed benefits.

All small dam projects should include command area development, including the
construction of watercourses, so as to ensure that the benefits of the project are
realized soon after its completion.

%Some outlets draw more whereas some outlets draw less than their authorized share.
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7.11.3 Small Dams vs Large Dams

Small dams, as some people argue, are not an alternative to big dams/reservoirs;
similarly, large dams are no alternative to small dams. Small dams are more useful
in promoting local development whereas large dams are more helpful in the
development of large areas and often in producing large amounts of environment
friendly renewable energy. Both types of dams are equally important and need to
be built.

Large dams have a bigger footprint and often result in the resettlement of large
number of people who would likely be submerged in the reservoir. These dams also
affect the ecology of the area and need much more detailed investigations and
design studies compared to the small dams. Small dams also have the problem of
resettlement and ecological changes, but over a smaller area, and while they too
need more investigation and design studies, it is at a smaller scale..

7.12 Mini Dams

The agency for Barani Areas Development (ABAD) in the Punjab and other similar
agencies and departments in other provinces are promoting the construction of mini
dams to harvest rainwater. Mini dams have a pond capacity of 50,000 m® to 125,
000 m* and a command area of at least 6 ha. The height of existing mini dams
constructed in Pakistan ranges from 6 m to 15 m. Mini dams are often owned by
individual farmers or a group of farmers. These structures usually last 20-30 years.
Thousands of such dams have been constructed which, in addition to supplementing
available water supplies also recharge the groundwater aquifer.

7.13 Power Demand

Current power demand (in July 2021) is estimated to be about 27,000 MW. Current
generation capacity is about 34,501 MW. Power demand is estimated to rise to
38,797 MW in 2030 (NTDC, 2021). Figure 7.11 shows the supply and demand
projections for the period 2021-2030, which substantiates that Pakistan’s installed
power generation capacity will continue to exceed demand. Its main challenge will
be managing this capacity cost effectively.
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Fig. 7.11 Installed capacity vs power demand (2021-30). (Data source: Installed Capacity
obtained from Table 67 of NTDC publication, Indicative Generation Capacity Expansion Plan,
National Transmission and Dispatch Company (NTDC, May 2021). Public domain)

7.14 Current Production Modes and Fuel Costs
of Generation

7.14.1 Production Mode

As per Wikipedia,” as of July 21st, Pakistan’s total installed power generating capac-
ity increased almost six-fold since 1990, from 7000 MW to the current
41,700 MW. Projects for nearly 44,000 MW of additional power generation
are under construction or active planning.

Table 7.10 gives a summary of both existing and proposed power generation
capacity by different modes. This table suggests that power generation capacity is
not a problem for Pakistan. In fact, if all the currently proposed schemes are actually
implemented, Pakistan would have the serious problem of having surplus power
which it cannot distribute or use.

In 2015, Pakistan and China entered into the China-Pakistan Economic Corridor
(CPEC) agreement, which would help Pakistan lower the costs of electricity
generation and alleviate electricity shortages by 2020. The agreement included an
investment of $34 billion from China to develop energy and other infrastructure
projects, including more than 10,400 MW of power plant capacity from coal and
renewable energy. To date, {fourteen} energy projects (seven coal, 1 hydel, five

7While Wikipedia may be a questionable source in academia, it does provide the most up-to-date
and comprehensive information about Pakistan’s power plants. For different production modes, it
lists all power plants in operation, under construction and planning. It is suggested as a good
indicative data source.
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Table 7.10 Overview of power capacity by different modes
Power source Capacity (MW)
In Under Under planning/ Total potential
Production | construction consideration capacity
Hydel Large 7488 10,230 14,624 32,342
Medium | 2004 2537 5007 9548
Small 640 433 903 1976
Thermal | Coal 4868 1950 300 7118
Multi- 4263 4263
Fuels
Nat. gas | 10,322 2163 12,485
Furn. Oil | 7836 7836
Renewable | Solar 540 42 2002 2584
Wind 1240 610 1988 3838
Nuclear 2510 1100 3610
Total 41,711 19,065 24,824 85,600

Source: Wikipedia Data, July 2021 Large: > 1000 MW; Medium: 100 —999 MW; Small; <
100 MW. Under Planning are those for which Letter of Intent or MoU is signed

solar/wind plants and one transmission line project) have been completed, with a
total generating capacity of 7,620 MW and a reported cost of $12.6 billion. Another
two energy projects (one coal, one hydel, are under implementation for an estimated
cost of $2,2 billion. {source: www.cpec.gov.pk} These projects are to generate an
additional 1,170 MW. Another 13 or so energy projects are being planned, with the
aim of producing another 8000 MW. Table 7.11 shows installed capacity catego-
rized with respect to power generation source in May 2021 and planned capacity
in 2030.

The full expected benefits from CPEC energy projects have yet to be realized
despite large investments. The power outages continue; the circular debt situation
has not improved. The debt burden from new power plants is hurting the country;
the government is seeking to arrange some debt relief from China. It seems the
situation has not changed. This experience needs to be reviewed and analyzed.
Perhaps one reason for these deficiencies is that dominant commercial interests in
these investments have compromised due diligence in project selection and design.

Figure 7.12 compares the energy mix from different fuel sources in 2021 and
2030. The share of hydel power generation is planned to increase to 23,035 MW
(40%) as compared to 9874 MW (26.6%) in 2021. Similarly generation from other
renewable resources (wind, solar, baggase) are planned to increase whereas use of
expansive RFO is planned to decrease.
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Table 7.11 Fuel-wise installed capacity breakup (MW). Source: NTDC May 2021

May 2021 2030
Sources Installed (MW) | Percentage share | Installed (MW) | Percentage share
Hydel 9874 26.61% 23,035 40.08%
RLNG 7325 19.74% 6786 11.81%
HSD - - - -
RFO 6274 16.91% 1220 2.12%
Coal (Local) 660 1.78% 3630 6.32%
Coal (Imported) | 3960 10.67% 4920 8.56%
Gas 4529 12.20% 2582 4.49%
Nuclear 2490 6.71% 3635 6.32%
Wind 1235 3.33% 4964 8.64%
Solar 400 1.08% 4954 8.62%
Baggasse 364 0.98% 749 1.30%
Cross Border - 0.00% 1000 1.74%
Total 37,111 100.00% 57,475 100.00%

7.14.2  Fuel Cost for Different Power Generation Sources

Increasing the share of hydel generation will help reduce the overall cost of generat-
ing energy, since there are no fuel charges for hydropower, which in turn will reduce
dependence on more costly fuels. The cost for some of the expensive fuels were: US
¢ 11.77/Kwh for HSD, US ¢ 7.67 for RFO, ¢ 6.11 for cross border purchases of
electricity, ¢ 5.18 for LNG, ¢ 4.75 from gas and ¢ 4.03 from coal (NEPRA, 2021)
as shown in Fig. 7.13 based on NEPRA'’s determination of fuel adjustment charges
for January 2021.8

Electricity production capacity is not a problem for Pakistan. The system, how-
ever, is unable to produce the available power due to following reasons:

e Hydel plants are underproducing because of reduced inflows, storage shortages,
and reduced irrigation demands.

e Establishment of a significant domestic gas-based production capacity which
could not be utilized due to subsequent gas shortages and is now being run on
imported LNG.

* Most private thermal power plants are performing under par due to a lack of
maintenance, equipment fatigue, and poor technical and managerial skills.

* An intermittent and unreliable fuel supply chain resulting from the circular
debt issue.

8 Average exchange rate for January 2021 used is US$ 1 = PKR 160.47.
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Fig. 7.13 Source wise fuel cost/energy price. (Source: NEPRA March 2021 notification for Fuel
Charges Adjustment (SRO 723(I)/2021). Public domain)

* High cost of production relating to use of expensive imported fossil fuels.
*  Weak management of IPPs and poor government oversight.

One reason for poor performance of IPP power project is that for each undertaking
anew dedicated power entity is established, perhaps to isolate its legal and financial
liabilities.

7.15 Energy Sector Policy and Institutional Framework

Over the years, various governments have issued policy documents to resolve
energy issues. Yet, one cannot say that Pakistan today has a clear and comprehensive
national energy policy in place. Power Policy 1994, Hydel Power Policy 1995,
Power Policy 1998, Power Policy 2002, Power Policy 2013, Power Policy 2015,
National Power Policy 2020 (draft) are some of the attempts at formulating a
comprehensive power policy. The 2013 Energy Policy was a comprehensive
document that had two major goals: (i)reducing Pakistan’s power shortfall from
about 5.000 MW to zero by 2017 and (ii) enhancing the energy mix by incorporating
renewable energy sources. This document articulated a vision for the power sector,
highlighting its key challenges, setting major goals, summarizing policy principles,
and highlighting the strategies for supply, demand, generation, transmission,
distribution, and sector financing. The energy sector received prominence during
2013-18 and a substantial investment boost through the CPEC program, resulting in
enhanced new generation capacity. Yet there was only marginal progress in resolving
the fundamental energy issues