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Key Concepts in Water
Resource Management

The vocabulary and discourse of water resource management have expanded
vastly in recent years to include an array of new concepts and terminology,
such as water security, water productivity, virtual water, and water govern-
ance. While the new conceptual lenses may generate insights that improve
responses to the world’s water challenges, their practical use is often
encumbered by ambiguity and confusion.

This book applies critical scrutiny to a prominent set of new but widely
used terms, in order to clarify their meanings and improve the basis on
which we identify and tackle the world’s water challenges. More specifically,
the book takes stock of what several of the more prominent new terms mean,
reviews variation in interpretation, explores how they are measured, and
discusses their respective added value. It makes many implicit differences
between terms explicit and aids understanding and use of these terms by
both students and professionals. At the same time, it does not ignore the
legitimately contested nature of some concepts. The book will lead to greater
precision on the interpretational options for the various terms, and for the
value that they add to water policy and its implementation.

Jonathan Lautze is a researcher at the International Water Management
Institute, based in its Pretoria office in South Africa.



Earthscan Water Text series

Key Concepts in Water Resource Management
A Review and Critical Evaluation
Edited by Jonathan Lautze

Contesting Hidden Waters
Conflict Resolution for Groundwater and Aquifers

By W. Todd Jarvis

Water Security

Principles, Perspectives and Practices
Edited by Bruce Lankford, Karen Bakker, Mark Zeitoun, Declan Conway

Water Ethics
A Values Approach to Solving the Water Crisis
By David Groenfeldt

The Right to Water
Politics, Governance and Social Struggles

Edited by Farhana Sultana, Alex Loftus



Illustrations

Figures

2.1

Water scarcity based on the Falkenmark indicator

2.2 Water stress as water withdrawal to water availability

2.3 The IWMI water scarcity map

4.1 Water security in the Asia-Pacific, ordered from greatest to
least water secure

4.2 Overall water security

4.3 Water security for basic needs

4.4 Water security for agricultural production

4.5 Water security for the environment

4.6 Water security for risk management

4.7 Water security for independence

7.1 (a) Hydrological cycle at basin scale and (b) Hydrological
processes within a vadose zone

Tables

2.1 Methods of calculating water scarcity

3.1 Selected definitions of governance

4.1 Calculating water security

5.1 Water efficiency and water productivity in agricultural
water management

5.2 Measures to improve water productivity

6.1 Estimated annual national net water savings, arable land
and the importance of agriculture in selected countries

7.1 Dehnitions of green and blue water as used in selected
publications

8.1 New terms—underlying drivers, value added, and sources

of confusion

13
15
16

46
47
47
48
49
49
50

96

12
27
43

60
64

81
93

104



Contributors

Xueliang Cai is a water resources and irrigation engineer and remote
sensing/GIS expert with ten years’ international experience in Asia and
Africa. He has been working on a range of issues related to water resources
management for irrigated agriculture and ecosystems. Currently Cai plays
leading roles in projects focused on i) small storages for integrated
irrigation and aquaculture to enhance climate resilience in Malawi,
Zambia, and Mozambique; ii) hydrological modeling of irrigation systems
in Mozambique, Ethiopia, and South Africa to support community-led
innovations; iii) assessment of hydrological functions of ecosystems in
Zambezi and Volta basins. Previously Xueliang was also involved in a
large effort “Global irrigated area mapping (GIAM)” which uses extensive
remote sensing processing to extract irrigated areas at global, regional,
and country level. He has conducted agricultural water productivity
assessment for the Indus-Ganges, Limpopo, and Syr Darya basins.
Xueliang obtained his Ph.D. degree from the Wuhan University, China,
focused on water saving irrigation strategy development through system
level integrated water resources management. Cai is engaged in academic
and professional networks, and serves as an editor of the journal Water
International.

Sanjiv de Silva is a Researcher at the International Water Management
Institute based in his native Sri Lanka. Trained in Environmental Law,
Sanjiv's abiding interest is in how governance mechanisms can support
workable expressions of sustainable development that manage the
interplay between varying resource-human systems. This has informed
his 14 years as a practitioner and researcher designing and studying
governance frameworks spanning a range of resource-human contexts
across South and Southeast Asia. These include wildlife policy and law
reform and implementation including participatory protected area man-
agement planning, integrated coastal resources governance and managing
conservation-development trade-offs; water governance from different
perspectives including government, small-holder, fisheries, hydropower,
and environment, and the roles of gender, class, and caste in shaping



Contributors  ix

climate change vulnerability and adaptation. Sanjiv has worked closely
with policy makers and other government and non-state actors includ-
ing local resource users. He was a Visiting Lecturer on Environmental
Governance at the universities of Kelaniya and Sabaragamuwa, and is a
member of the National Wetlands Steering Committee in Sri Lanka.

Mark Giordano is an Associate Professor of Environment and Energy in
Georgetown University’s School of Foreign Service. Mark is inter-
nationally known for his work on agricultural water management in
developing countries, international water law, and conflict and coopera-
tion over resources, and is recognized for his sometimes provocative views
on natural resources management. He has more than 80 publications in
major water science, geography, law, and international relations journals
and advises a variety of organizations on water issues. Prior to joining
Georgetown, Mark was a Managing Director of the International Water
Management Institute (IWMI), one of the 15 Centers of the Consultative
Group on International Agricultural Research. There he led the Insti-
tute’s social science research program, focusing on improving agricultural
water management for poverty reduction in Asia and Africa and
influencing the global water agenda. Mark previously worked as a trade
economist with the U.S. Department of Agriculture’s Economic Research
Service. He is from Eastern Washington but has spent his professional
life in Austria, Botswana, Cambodia, China, Sri Lanka, Taiwan, and
Zimbabwe.

Munir A. Hanjra is a development economist with over 20 years of
professional experience on issues related to water resources such as global
and regional water scarcity, food security, and poverty reduction.
Currently a researcher at the [IWMI—Southern Africa office, Dr. Hanjra
has been involved in research and development programs on water,
agriculture, and the environment in Australia, China, Canada, South
and Southeast Asia, and Eastern and Southern Africa. He has published
more than 40 scientific research papers in peer-reviewed journals and
has made numerous other professional contributions. Current research
interests include water and food security, water and poverty reduction,
the water—food—energy nexus, wastewater reuse for nutrient capture
and energy recovery, and climate change resilience and water sector
adaptations.

Jonathan Lautze is a researcher at the [WMI—Southern Africa office in
Pretoria. He has been involved in a range of applied research and
development projects focused on topics such as water governance, water
security, transboundary water management, climate change and water,
and water and health. Lautze has published more than 20 peer-reviewed
articles in journals and books, and has worked for the United States



x  Contributors

Agency for International Development (USAID) and the World Bank.
His development experience includes time living and working in Benin,
Ethiopia, and Sri Lanka, and short-term assignments in Burkina Faso,
Chad, Egypt, Ghana, Israel/Palestine, Jordan, Mali, Morocco, Oman,
Rwanda, Senegal, Tajikistan, Turkey, Uganda, and Uzbekistan. He holds
a Master of Arts in Law and Diplomacy from the Fletcher School, Tufts
University and a Ph.D. from Tufts Department of Civil and Environ-
mental Engineering.

Herath Manthrithilake serves as a Senior Researcher and Head of the
research program of IWMI in Sri Lanka, titled “Sustainable Development
Initiative.” Prior to this assignment, Manthri lived and worked in India,
and Central Asia, representing [WMI on its research projects. Manthri
has experience in leading multidisciplinary and multicultural research
teams in several countries. His Ph.D. (obtained in 1983) research was
on stochastic hydrology and focused on “river flow regimes as Markov
Chains; modeling and simulation for the management of river cascades—
regulation, and use for agricultural and hydro power production.” Subse-
quently, Manthri published a number of scientific papers on a variety of
topics and has made presentations/communications on different aspects
of water management in national, regional and international confer-
ences. He possesses extensive experience serving on several National
Science Committees in Sri Lanka—currently he serves on the Natural
Resources Committee and in the Socio-economic Research Committee
of the Council for Agricultural Research Policy (CARP), Water Resource
Research Committee of National Science Foundation, Research and
Training Committee of HARTI, Sri Lanka, Presidential Committee on
Water Quality Management; among others.

Greenwell Matchaya is an Economist, currently an Economics Researcher
at the IWMI, and Coordinator for the Regional Strategic Analysis and
Knowledge Support System for Southern Africa, which is a multi CGIAR
center program led by the International Food Policy Research Institute
(IFPRI); under this program he coordinates efforts of various stakeholders
toward strengthening analytical capacities of Southern African agri-
cultural sectors, as one way of enhancing evidence-based policy planning
and implementation in the Southern African Development Community.
Dr. Matchaya has previously worked at the University of Reading (UK)
where his research focused on examining the impact of agricultural
policy on innovation/development, and also worked at the University of
Leeds (UK) where his research focused on effects of health policy reforms
in the National Health Service. Currently, his areas of interest are agricul-
tural expenditure and water resources in development.



Contributors  xi

Sanmugam A. Prathapar has an international reputation in Agricultural
Water Management and research management. He has led scientific,
academic, and development institutions of international stature,
demonstrating leadership skills with proven track record of success in
formulating and implementing academic and research programs with vision
and direction. During his 25 years of post-doctoral experience he has been
a Researcher, Academic, Consultant, and a Development professional.
He is now the Manager of the Groundwater Modelling group at the New
South Wales Office of Water, Sydney, Australia. He has produced over 200
technical publications and presentations during his career, which include
over 50 peer reviewed publications. Prior to joining [WMI, Dr. Prathapar
was the Dean, College of Agricultural and Marine Sciences, Sultan
Qaboos University, Oman; Professor at National Center for Groundwater
Management, University of Technology, Sydney, Australia; and a Principal
Research Scientist, CSIRO Division of Water Resources, Australia. He has
held positions in Sri Lanka, USA, Australia, Pakistan, Oman, and India,
and possesses research and development experience in South Asia and Sub-

Saharan Africa.

Luke Sanford is a graduate student at the University of California~San
Diego studying international economics, political science, and data
analysis. He previously worked as an intern at the [IWMI headquarters in

Colombo, Sri Lanka in 2009-2010.

Vladimir Smakhtin has 30 years of experience as a Researcher and Research
Manager in the broad area of water resources with an emphasis on global
and regional water scarcity and food security. He holds a Ph.D. in
Hydrology and Water Resources from the Russian Academy of Sciences.
His research experience spreads across agricultural water management,
environmental water management, low-flow and drought analyses and
management, assessment of river basin development and climate change
impacts on water availability and access, provision of hydrological inform-
ation for data-poor regions, drought management, global water availability
and scarcity. Vladimir was involved in a number of short and long-
term assignments in Russia, Ukraine, Lithuania, South Africa, Canada,
Sri Lanka, India, Pakistan, Afghanistan, Bangladesh, Vietnam, Cambodia,
Iran, Morocco, Ethiopia, Ghana, Uzbekistan, Thailand, Laos. He con-
sulted for a number of national and international government and non-
government organizations including Department of Water Affairs of
South Africa, Ontario Ministry of Natural Resources, World Commission
on Dams, International Union for Conservation of Nature (IUCN), and
United Nations Environment Proramme (UNEP). Dr. Smakhtin currently
leads IWMI research programs on Water Availability and Access with a
special focus on reducing water scarcity and ensuring livelihoods and food
security globally.



xii  Contributors

Aditya Sood is a researcher at IWMI working on a wide range of topics
dealing with watershed scale rainfall-runoff models, eco-hydrology, and
integrated hydrological modeling. His areas of expertise include watershed
and water quality management/modeling, GIS-based decision-support
and planning, and integrated (water/energy/environment) policy analysis.
Dr. Sood’s research objectives include linking fundamentals of science,
engineering, and policy in an interdisciplinary approach to understand
hydrological processes as isolated processes and within complex eco-
systems. He is interested in analyzing the impact of anthropogenic
activities (such as land use changes and water usage) and of natural
changes (such as climate change) on hydrological processes and vice
versa. He has worked on various water related projects in Asia and Africa.
He received his undergraduate degree in Civil Engineering, followed by
a Masters in Environmental Engineering and Doctorate in Energy and
Environmental Policy.

Dennis Wichelns is an agricultural and natural resource economist with
many years of experience in production agriculture, and also in teaching,
research, and policy analysis. He has served on the faculty of several
colleges and universities in the United States, and as a Senior Fellow
with the IWMI. While with IWMI, Dennis worked with many inter-
national colleagues on a variety of studies regarding water, agriculture,
and livelihoods in several countries across Asia and Africa. He is currently
one of several Editors-in-Chief of Agricultural Water Management and he
is the founding Editor-in-Chief of Water Resources & Rural Development.



Foreword

Don’t we all need a water secure society where water stresses are properly
dealt with through sound governance structures? And if IWRM is hard to
implement, can we not then resort to a Water-Energy-Food Nexus or virtual
water! If we are of a certain conviction, soft and natural infrastructure
solutions can be by definition better than hard, engineering solutions. Land
grabs are bad, water grabs even worse. Better use of green water is essential
to reducing our water footprints.

Packaged concepts can come in handy, and using the same term to convey
different ideas is not necessarily a bad thing if the concept is still evolving
and an actual conversation is taking place. Nonetheless, there are an
unfortunate number of concepts for which discussion has faded away, while
confusion on substance has not.

Our “water box” is large enough to accommodate diverse arrays of thought,
backgrounds, interests and preferences. Each combination of these results in
a different perception of terms. When we step outside our water box and
expose our terminology to those in sectors across which water cuts, we face
deeper issues. Water terms may be associated with concepts in their respective
“boxes”. Water governance, for example, a multi-dimensional debatable
notion for us water professionals, can be quite a challenge to explain to others.
How about land and water governance?! Environmental governance and
water governance? Global governance for food, energy and water?

What can be additionally complicating—and lead to interesting preludes
before real dialogues—is that explanations of fuzzy new terms may them-
selves contain unclear terms. In other words, terms that define terms may
have multiple meanings. Food sector stakeholders may have substantially
different perceptions of market and pricing mechanisms from water stake-
holders, and safety nets can mean different things in the context of water
setvices than in the context of energy services. And lack of shared under-
standing impedes our ability to constructively address issues in an optimal
fashion.

Key Concepts in Water Resource Management: A Review and Critical
Evaluation takes a critical and comprehensive approach to evaluating six
prominent concepts (or sets of concepts) in water resources management,
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i.e. water scarcity, water governance, water security, water productivity, virtual
water and water footprints, and green and blue water. We learn what they mean,
how they originated and evolved, how they are interpreted and if and how
we can measure them. Various definitions that exist are presented, with the
source clearly spelled out: evolution of the term; concept or paradigm; and
key differences between the definitions and how they play out in water
management. Points of confusion and skepticism that exist are reported and
explained; and uses, limitations and metrics are provided, with examples
where applicable.

The book challenges the reader to think critically and rationally—based
on evidence—to assess the meaning, role and utility of a concept. The terms
covered in the book do not lend them to trivial, default definitions—even
if many may think so. Despite frequent portrayal as silver bullets for water
management, the terms of focus are not free from limitations, underlying
assumptions, and sometimes flaws. These realities reinforce the need to gain
a better handle on these terms to minimize potential for misunderstandings,
misinterpretations, or miscommunication.

The book goes far beyond an annotated compendium of recent, prominent
water concepts to clinically dissect six concepts (or sets of concepts) that
have become central to the discourse of twenty-first century water manage-
ment. Lautze and colleagues put such concepts through a fine filter to
improve our understanding of them, and to generate broader insights about
the process of new term introduction. The book fills a critical gap and will
serve as a trusted reference to deciphering meanings and interpretations of
major water concepts. I might actually propose the book be nicknamed:
Ewverything You Always Wanted to Know About Key Water Concepts (But Were
Afraid to Ask).

I will conclude by warning against underestimation of this book’s value
and utility. While the authors rightfully convey that the book’s primary
focus is on water management in agriculture, those interested in other uses
and aspects of water management will find the book equally useful. Likewise,
those active in the “allied” sectors of water will find the book helpful in
understanding a sector and its community that would like to be involved
in the major decisions of the readers’ respective sectors. We in the water
sector often contend that the most important decisions related to water are
taken outside the water sector, and that those involved in managing water
should therefore inform those who make these decisions. If I were a decision
maker in energy, food or the environment, [ would certainly appreciate
having this book around.

Olcay Unver

Deputy Director, Land and Water Division, FAO
Coordinator, UN World Water Assessment
Programme (2007-2013)



Preface

The vocabulary and discourse of water resource management have expanded
vastly in recent years to include an array of new concepts and termin-
ology, such as water security, water productivity, virtual water, and water
governance. While the new conceptual lenses may generate insights that
improve responses to the world’s water challenges, their practical use is often
encumbered by ambiguity and confusion. Key Concepts in Water Resource
Management: A Review and Critical Evaluation is the first attempt to system-
atically examine the value added of a set of new terms in water resources
management.

This book applies critical scrutiny to a prominent set of new but widely
used terms, in order to clarify their meanings and improve the basis on
which we identify and tackle the world's water challenges. More specifically,
the book takes stock of what several of the more prominent new terms mean,
reviews variation in interpretation, explores how they are measured, and
discusses their respective added value. It makes many implicit differences
between terms explicit and will aid understanding and use of these terms
by both students and professionals. It is hoped that the critical scrutiny
contained in this book will lead to greater precision on the interpretational
options for the various terms, and for the value that they add to the field
of water management.

On a personal level, motivation for my involvement for this book was
generated by participation in two projects, one on water governance
funded by the United States Agency for International Development
(USAID) and another on water security, funded by the Asian Develop-
ment Bank. | was surprised to find how much time was spent simply trying
to understand the central project terms “water governance” and “water
security.” Subsequent thought and discussion led to the realization that the
ambiguity surrounding these two terms is far from unique, and that there
are indeed frequent informal rumblings and sarcastic comments in hallways
and corridors about the precise meaning and value added of a number of
new terms introduced in water management such as water governance, green
v. blue water, hydropolitics, etc. This spurred thoughts on why we are
creating new terms and devoting substantial time and energy to deciphering
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their meanings, instead of tackling water management challenges with the
terms and concepts that we already have at our disposal and that have
proven their ability to address water management challenges.

To push toward clarity, the idea occurred to me to assemble several of
the more prominent new concepts in the water management community in
one text, and apply some critical analysis to each of them. When discussing
this idea with colleagues, most were quite supportive, yet some questioned
whether this idea might conform more closely to a dictionary than a full-
fledged book along the lines | was describing—and along the lines you are
now reading. After some deliberation, I came to the conclusion that it is
relatively easy to achieve agreement on, or at least no objections to, fuzzy
definitions to many of the new terms in the international water community,
as suited for a dictionary. Challenges and differences of interpretation rapidly
arise, however, when the meanings are unpacked to identify central com-
ponents and applied to measure something.

It is therefore my hope that this book is much more than a dictionary of
new water management terms. It does review definitions, but goes far beyond
this by addressing divergence in interpretations, differences in methods of
calculation when relevant, and highlighting consistencies and inconsist-
encies in usage. It is my hope that this will make many implicit differ-
ences between terms explicit, and foster progress by improving their use. It
is also my hope that this will lead to greater clarity and precision on the
interpretational options for the various terms, and for the value that they
add.

This book is focused mainly on water management related to agriculture.
The main chapters of the book examine a set of terms that have risen to
prominence in agricultural water management. The book’s target audience
is people active in water management discussions, who make use of terms
examined in this book. It is hoped that improved use of such terms by those
actively involved in water management dialogues, will lead to improved use
and interpretation of such terms more widely (e.g., by general public).
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