


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.
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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
services 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,



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:
Everything 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, I would certainly appreciate
having this book around.

Olcay Unver
Deputy Director, Land and Water Division, FAO

Coordinator, UN World Water Assessment 
Programme (2007–2013)
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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. I 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



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 I 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).

xvi Preface
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1 Introduction

Jonathan Lautze

1.1 Background

The water world has become saturated with new concepts such as water
govern ance, water security, Integrated Water Resources Management
(IWRM)—concepts that coexist with pre-existing notions such as water
policy and institutions, and water management. 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, confusion,
and even fatigue associated with the steady flow of new “solutions” that can
be interpreted in multiple ways. One result is lost time and energy devoted
to sorting through the meanings and measuring sticks for a slew of new
words, often in an ad hoc quick-and-dirty fashion, in order to achieve
progress in deadline-oriented development projects. Another result of this
ambiguity is the wild use of these terms in the context of policy discussions
and develop ment dialogues, which can distract people into sorting through
meanings rather than sorting through issues and solving problems.

New vocabulary is nonetheless a fact of life. The flow of new terms is
now a part of water management, will presumably continue to be, and may
actually accelerate. It therefore makes sense not only to adapt to this 
trend, but to consider institutionalizing a process of adaptation to the steady
stream of new terms. An initial step toward this end is to take stock of what
several of the more prominent terms mean, to review variation in inter -
pretation, to explore how they are measured, and to discuss their respective
added value. Indeed, the current absence of a text that addresses these issues
presents a rather major obstacle as many people—inside and outside the
water community—have heard these terms yet lack a solid grasp of what
they mean.

This book applies scrutiny to a prominent set of new terms in water
management, in the hope that systematic application of critical thought 
can improve the basis on which we identify and tackle the world’s water
challenges. This book explores definitions of six prominent topics in 
water management, reviews their central components, and identifies tools
used to measure them when applicable. Structurally, the book devotes one
chapter to each of six new concepts that have entered—or grown greatly



in prominence—in the water management community in the late twentieth
or early twenty-first century. Chapters 2 through 5 each focus on under -
standing one particular term, and Chapters 6 and 7 package a few related
terms together. A final chapter then synthesizes, and draws some lessons and
recommendations.

Taken together, these chapters are intended to provide a guide to
deciphering some of the prominent new concepts that permeate the water
community. Our hope is that discussion of this set of terms together in a
single text will allow it to serve as a general reference, and help to foster
broader thought about the process of introducing new terms. The book
purposely challenges certain notions that are often unquestioningly accepted,
often in a provocative manner, in an attempt to remind us to keep think-
ing and questioning. It is hoped that others will subsequently apply some 
of the same critical approaches to the arguments contained in this book, in
the process improving the precision and clarity surrounding many of the
concepts that are discussed.

A tough choice when crafting this book was determining which terms to
include for analysis. As noted above, there is no shortage of new terms in
the water management community. Selection of the terms that are analyzed
in this book was primarily determined by their level of prominence in the
language of development agencies and international conference and fora,
and by the level of confusion surrounding such terms. While IWRM was
not explicitly included due to the volume of discussion already in existence
on the topic (e.g., Molle, 2008), discussion of IWRM receives substantial
attention in the chapter on water governance. The topics that were included
are as follows:

• water scarcity
• water governance
• water security
• water productivity
• water footprints and virtual water
• green and blue water.

To be clear, the point of this book is not to invalidate the use of any of
these terms. Rather, the point is to achieve greater clarity on what we mean
by each of them, in order to create an improved basis for approaching real
issues and challenges in the water management community. New terms and
conceptual frameworks should be a means to gaining a better understanding
of issues. They should not spur additional confusion that diminishes our
understanding of issues. The expectation is that this book will be useful to
water professionals seeking to better understand the new terms, researchers
seeking to understand variations among the different terms and approaches
to measuring them, and students wishing to gain an introduction to these
often-used terms.

2 Jonathan Lautze



1.2 Overview of Chapters

The remainder of the book is divided into seven chapters and an appendix.
Most chapters follow a fairly consistent structure in which definitions of 
the particular terms are reviewed, measures and indicators are compared,
and value added is determined. Chapters were ordered roughly according 
to the level of prominence of their central term. Chapters 2 through 5—
which include the concepts of water scarcity, water governance, water
security, and water productivity—encompass four of the most common 
terms in twenty-first-century water management. IWRM, which may be 
the only term to challenge those just listed in frequency of use, was not the
focus of a separate chapter since the concept receives coverage in the water
governance chapter. Terms in Chapters 6 and 7—focused on virtual 
water and water footprints, and green and blue water—are growing in use,
yet they have not achieved the same level of prominence as terms found in
earlier chapters.

Chapter 2, co-authored by Jonathan Lautze and Munir Hanjra, is focused
on water scarcity. Widely considered to present a major global challenge,
water scarcity is an extremely prominent term in the water manage-
ment community. Definitions of the term nonetheless vary and there are a
range of indicators that measure scarcity in different ways. This chapter
considers definitions and measures of water scarcity in the broader context
of resources scarcity to identify consistencies and inconsistencies of usage.
In particular, the chapter deter mines the degree to which prominent
indicators of water scarcity—namely, the Falkenmark indicator, physical 
and economic water scarcity—align with notions of resources scarcity as 
a means to assessing the value added of the “true” definition and measure
of water scarcity. The results reveal a conflation of the distinct concepts of
water stress and water scarcity; i.e., that the former concept has become
increasingly subsumed under the name of the latter. Isolation of water
scarcity definition and indicators nonetheless reveals somewhat limited
value. While the concept has helped raise the profile of water in develop -
ment discussions, the practical use of the concept may benefit from sectoral
disaggregation.

Chapter 3, co-authored by Jonathan Lautze, Sanjiv de Silva, Mark
Giordano, and Luke Sanford, is focused on water governance. Water
governance has emerged as perhaps the most important topic of the inter -
national water community in the early twenty-first century, and achieving
“good” water governance is now a focus of both policy discourse and
innumerable development projects. Somewhat surprisingly in light of this
attention, there is widespread confusion about the meaning of the term
“water governance.” This chapter reviews the history of the term’s use and
misuse to reveal how the concept is frequently inflated to include issues that
go well beyond governance. Further, it highlights how calls to improve water
governance frequently espouse pre-determined goals—often derived from
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the tenets of IWRM—that should instead be the very function of water
govern ance to define. To help overcome this confusion, the chapter
considers the relationship between IWRM and water governance and
suggests a more refined definition of water governance and related qualities
of good water governance that are consistent with broader notions of the
concepts.

Chapter 4, co-authored by Jonathan Lautze and Herath Manthrithilake,
is focused on water security. “Water security” has come to infiltrate promi -
nent discourse in the international water and development community, and
achieving it is often viewed as a new water sector target. Despite the elevated
status that the concept has increasingly acquired, understandings of the 
term are murky and quantification is rare. To promote a more tangible
understanding of the concept, this chapter develops an index for evaluating
water security at a country level. The index is comprised of indicators in
five components considered to be critical to the concept: (i) basic needs,
(ii) agricultural production, (iii) the environment, (iv) risk management,
and (v) independence. Achieving water security in these components can
be considered necessary but insufficient criteria to measure the achievement
of security in related areas such as health, livelihoods, and industry. After
populating indicators with data from Asia-Pacific countries, results are
interpreted and the viability of methods is discussed. This effort comprises
an important first step for quantifying and assessing water security across
countries, which enables more concrete understanding of the term and
discussion of its added value.

Chapter 5, co-authored by Jonathan Lautze, Xueliang Cai, and Greenwell
Matchaya, is focused on water productivity. Improving water productivity
(WP), especially in agriculture, is increasingly recognized as a central
challenge in international development. A growing body of literature has
nonetheless delimited the value and role of WP. This chapter compares 
WP with related concepts of water efficiency and agriculture productivity
in order to interpolate particular benefits obtained through utilization of a
WP perspective. The chapter’s main finding is that WP holds value as a
decision-making guide for allocating water between areas and sectors when
applied with other indicators. The chapter also found that WP does not add
value when applied in isolation in a particular location such as a scheme or
farm; pre-existing indicators of water efficiency and agricultural productivity
may in fact prove more useful at this scale. The chapter concludes by
suggesting that “improving WP” should not be treated as a central challenge
in water management, but the WP indicator holds value when employed
together with other indicators.

Chapter 6, authored by Dennis Wichelns, is focused on virtual water and
water footprints. The notions of virtual water and water footprints have
gained considerable traction in scholarly literature and the popular press.
The preponderance of articles on these topics might lead one to think the
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notions are based on a firm conceptual foundation and that they enhance
understanding of challenging issues regarding water resources. This chapter
reviews how these concepts are defined and measured, and identifies certain
underlying flaws that greatly constrain the utility of those notions. Particular
focus is devoted to dangers associated with direct application of virtual water
to guide international trade. Further, the chapter reveals that comparing the
water footprints of goods and services is an exercise that can easily mislead
consumers into making decisions that inflict unintended harm on house-
holds and communities in faraway places. The chapter concludes that, 
while these two concepts help to shed important light on the role of water
in trade, it is increasingly clear that use of such concepts in isolation could
hold dangerous implications.

Chapter 7, co-authored by Aditya Sood, Sanmugam Prathapar, and
Vladimir Smakhtin, is focused on green and blue water. Accounting for
green water has received growing attention for its importance in reducing
hunger, alleviating poverty and adapting to climate change. In particular,
recognition for distinctions between green and blue water are presumed to
unlock opportunities for improving water management in rainfed agriculture.
Despite this attention, there is scant articulation of the value that the new
paradigm has added relative to previously utilized concepts characterizing
agriculture water use in the hydrologic cycle. Indeed, while the green v. blue
water distinction may help reveal options for improving food security, it may
be that other concepts could be equally used to achieve the same end. To
understand the degree to which the green v. blue water paradigm has added
value, this chapter compares this paradigm with classical approaches for
conceptualizing water use in agriculture. Drivers and definitions for other
water colors are also considered. The results of this analysis reveal that, while
the reduction of water into simple colors may help to market certain
concepts that might otherwise be perceived as esoteric, coloring water can
also prove dangerously misleading.

Chapter 8, co-authored by Jonathan Lautze and Vladimir Smakhtin, is
comprised of the book’s conclusion. This chapter recapitulates findings as a
means to generating guidance on how to move forward in a constructive
fashion. The chapter first reviews underlying drivers for new term intro -
duction, the value that they have added and sources of confusion associated
with new terms. The chapter next derives broader lessons and recom -
mendations on the process of new term introduction. Finally, the chapter
offers thoughts on which concepts might serve as central paradigms or
frameworks in water resources management if a thoughtful process were to
be applied.

The final chapter of the book, co-authored by Munir Hanjra and Jonathan
Lautze, is an Appendix that focuses on providing definitions and descrip-
tions of 25 new terms in water management that are not contained in the
book’s main chapters. Approximately one paragraph is devoted to each 
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term. Terms range from downstreamness to natural infrastructure to water
accounting. The relative number of terms reviewed in the Appendix
rendered this chapter more descriptive in nature.

Reference

Molle, F. 2008. Nirvana concepts, narratives and policy models: Insight from the
water sector. Water Alternatives 1(1): 131–156.
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2 Water Scarcity

Jonathan Lautze and Munir A. Hanjra

2.1 Introduction

Water scarcity is widely considered to present a major global challenge (e.g.,
Seckler et al., 1998; Postel, 1998; WWC, 2001; UNDESA, 2007; Chartres
and Varma, 2011; Vidal, 2012), often spurring language of a global “water
crisis” (e.g., BBC, 2002; National Geographic, 2003; UN, 2006). Postel
(1998), for example, questioned whether there will be enough water for food
production in 2025. The World Water Council (WWC, 2001) des cribed
“the gloomy arithmetic of water.” The UN Department of Economic and
Social Affairs (2007) declared that water scarcity “will be among the main
problems to be faced by many societies and the world in the 21st century.”
Chartres and Varma (2011) state that the world faces an emerging water
crisis due to worsening water shortage and scarcity.

While mention of water scarcity is ubiquitous in the international devel -
opment and water management communities as well as the popular press,
inconsistencies, anomalies, and limitations associated with the definition 
and use of the water scarcity concept are apparent. Brown and Matlock
(2011) document the considerable variation in how water scarcity is defined,
interpreted, and measured. Rijsberman (2006) reveals inconsistencies associ -
ated with various water scarcity indicators, and questions whether water
scarcity is fact or fiction. Molle (2008) suggests that demand for water will
always outpace supply, hence scarcity is fairly widespread and the practical
value of the concept is minimal. Rogers (2008) and Rogers and Leal (2010)
question whether we are really facing a scarcity-induced crisis. The UN
Human Development Report (2006) suggests that water scarcity is “manu -
factured through political processes and institutions that disadvantage the
poor,” a description consistent with Mehta’s (2007) declaration that water
scarcity is a socially mediated construct. Finally, Savenije (2000) highlights
how inclusion of green water can skew water scarcity results, and Brandt
and Vogel (2008) and Perveen and James (2011) highlight how variation
in scale of analysis can affect results.

These documents highlight limitations of the water scarcity concept and
variation in water scarcity indicators. However, they stop short of comparing



variation in the interpretation of water scarcity with broader notions of
resources scarcity. To provide an improved framework for assess ment and
discussion of water scarcity, this chapter considers definitions and measures
of water scarcity in the broader context of resources scarcity as a means to
understanding which interpreta tion of water scarcity is most consistent with
resources scarcity and hence most fundamentally sound. The chapter first
reviews broader notions of natural resources scarcity (section 2.2). The
chapter then identifies defin itions of water scarcity (section 2.3), and
examines how these definitions have led to the creation of various indices
—namely, the Falken mark indicator, water stress, and economic water
scarcity—with conflicting implications and interpretations (section 2.4).
The degree to which various definitions and indices align with broader
notions of resources scarcity is then examined (section 2.5), and the value
added of approaches determined to be most concep tually sound are con -
sidered (section 2.6). A conclusion (section 2.7) then explores the value
and role of water scarcity.

2.2 Background: Natural Resources Scarcity

Scarcity is defined as the fundamental problem of having humans who 
have unlimited wants and needs in a world of limited resources (Gregory,
2004). From a conventional economic perspective, scarcity occurs when
demand exceeds supply at a given price (Hall and Hall, 1984). For goods
bought and sold in a conventional market, the response to scarcity is 
for prices to rise such that demand and supply are at equilibrium. A good
traded at a higher relative price, therefore, is scarcer than a good selling at
a lower relative price. Notably, four assumptions underlying this perfect
competition approach are that i) the good in question is non-essential and
homogenous, ii) the good has close substitutes, iii) there are many firms and
they are able to easily enter or exit the market, and iv) consumers have
complete information on prices, quantities etc. If the price of one brand of
shirt grows too high, for example, a consumer can exit the market or
purchase another brand instead, as the good in question is non-essential,
has close substitutes, many sellers, and available at competitive prices.

While scarcity of natural resources possesses many elements in common
with conventional economic notions of scarcity, there are at least three
important differences. First, many natural resources are not bought, sold, or
traded in free markets and hence their allocation is not directly determined
by market forces. This existence of imperfect market, pseudo prices and
social–political factors determining allocations for many natural resources
creates conditions in which some degree of “scarcity” is virtually always
present. Second, natural resources generally possess attributes of public goods
such that free markets are normally unable to determine their true prices
and ensure efficient resource allocation. Third, there are percep tions of
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binding physical constraints on the availability of many natural resources.
Unlike many conventional products on the market, for example, it is asserted
that one cannot simply produce more land, air, or water to satisfy growing
human demand.

Parameters specific to natural resources scarcity have engendered high-
profile debates about how growing resources demand, driven by growing
population, would spur global crises. Building on the logic of Malthus (1898),
Ehrlich (1968) asserted that growing populations would lead to levels of
demand for natural resources that far outstripped their availability, triggering
a “population bomb.” Simon (1980) disputed this assertion, suggesting that
rising demand for natural resources would be outpaced by technological
advances and productivity improvements; his argument was consistent with
that of induced innovation (Boserup, 1965). Several others have weighed
in on this debate (e.g., Barnett, 1979; Krautkraemer, 2005), adding nuance
to the original arguments on both sides.

Importantly, at least two assumptions appear to underlie this debate. A
first assumption is that demand for certain natural resources can be
determined as a function of population and development levels rather than
actual use. In a sense, broader notions of scarcity were tailored to natural
resources by specifying innate levels of “wants and needs” necessary for
survival. Second, demand for certain natural resources—particularly those
that are rarely traded—may not always be reflected in the use of those
resources. Indeed, a crisis was envisioned to result from the mismatch
between demand for resources required to satisfy fundamental requirements
and the quantity of those resources actually used, which would presumably
be constrained by natural limits on supply.

Predictions of crises that would result from resources scarcity have
generally not materialized. While the price of energy has gone up and certain
regions face water shortages, often of a seasonal nature, food production has
grown dramatically as a byproduct of productivity increases. The fact that
crises have largely not resulted from natural resources scarcity is worth
noting, and spurs questions related to the value that the debate over natural
resources scarcity has contributed. While it may be that scarcity debates
increased public awareness and prompted policy changes that averted crisis,
it may also be that natural processes of induced innovation (e.g., productivity
improvements) would have occurred regardless of such debates.

2.3 Defining Water Scarcity

Building on broader notions in natural resources scarcity and the related
focus on sustainability (WCED, 1987), interest in the scarcity of water
intensified in the 1990s and 2000s. Reviewing literature on water scarcity
reveals two common definitions. The first definition of water scarcity is 
as follows (Rijsberman, 2006; IWMI-CA, 2007; Chartres and Varma, 
2011):

Water Scarcity  9



When an individual does not have access to safe and affordable water
to satisfy her or his needs for drinking, washing or their livelihoods we
call that person water insecure. When a large number of people in an
area are water insecure for a significant period of time, then we can call
that area water scarce.

The second definition, which may be more consistent with broader notions
of resources scarcity, is as follows (UN-Water, 2006; UN-Water and FAO,
2007):

[Water scarcity is] the point at which the aggregate impact of all users
impinges on the supply or quality of water under prevailing institutional
arrangements to the extent that the demand by all sectors, including
the environment, cannot be satisfied fully.

The first definition marks an important way to reflect the water limitations
faced in many parts of the world. It is straightforward and intuitive: if people
lack access to water in a region, that region is water scarce. The definition
nonetheless fails to distinguish whether lack of access to water results 
from: i) mismanagement, infrastructure limitations or lack of investments,
or ii) limitations of water itself. The second definition presents a more
nuanced, yet somewhat more esoteric, interpretation of the water scarcity
concept. It considers scarcity to occur when demand for water exceeds the
supply of water. While the definition is carefully worded and conceptually
sound, it is nonetheless unclear about certain details necessary for application
of this concept; namely, i) how water supply and water demand are to be
determined, and ii) thresholds associated with degrees of scarcity, which are
critical because water’s public good nature and lack of price mean that water
demand is likely to always be greater than supply.

In addition to the two definitions outlined above, a distinction between
physical water scarcity and economic water scarcity has been elaborated by
IWMI. Whereas physical water scarcity is considered to occur when “available
water resources are insufficient to meet all demands,” economic water scarcity
is considered to occur “when investments needed to keep up with growing
demand are constrained by financial, human, or institutional capacity”
(Rijsberman, 2006; IWMI-CA, 2007). In essence, physical water scarcity
would appear quite consistent with the UN-Water definition elaborated
above, focused on the point at which demand exceeds or impinges on supply.
Economic water scarcity, by contrast, looks beyond physical availability by
incorporating the notion of water access. In other words, countries that have
sufficient renewable water resources, but lack investment to tap those
resources for human use, are defined as economically water scarce (Rijsberman,
2006; IWMI-CA, 2007).

The distinction between physical and economic scarcity draws attention
to the fact that even in areas that are theoretically water abundant, water
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may not always be practically available to humans due to limitations on
infrastructure, institutions, or other capacity. There is indeed an import-
ant distinction that should be recognized between water that is theoretically
available for human use—e.g., renewable water resources—and water that
is practically available for human use as a result of effective infrastructure,
institutions, and capacity. By shedding light on this important difference,
the physical v. economic distinction helps to expose an important 
nuance.

The conceptualization of a distinct economic water scarcity concept
nonetheless appears questionable, for at least two reasons. First, the extent
to which economic water scarcity reflects a scarcity of water is debatable.
The concept is indeed predicated on the premise that there is sufficient
(read: not scarce) water, but insufficient investment to tap and distribute
that water. Second, it is possible for a region to be both physically and
economically water scarce. That is, certain regions or countries may face
physical water scarcity due to natural constraints on water availability (e.g.,
low renewable water resources), and such regions may also face economic
water scarcity due to conditions in which only a small subset of available
supplies are developed as a result of low investment. In such regions, it is
not clear whether physical water scarcity supersedes economic water scarcity,
or vice versa.

2.4 Measuring Water Scarcity to Produce Global Maps

Perhaps more important than the definitions outlined above are the water
scarcity indicators (e.g., Falkenmark, 1989; Alcamo et al., 1997; Alcamo
and Henrichs, 2002; Smakhtin et al., 2004; IWMI-CA, 2007; UNEP, 2008)
that are widely applied to generate global maps that highlight a presumed
water crisis. Water scarcity indicators can be broadly divided into three
groups according to the ratio or fraction on which they are conceptually
based: 1) water supply-to-water demand, 2) water use-to-water supply, 3)
human-water-demand-to-human-water-access (Table 2.1). To understand
the range in methods used to produce water scarcity maps, this section
reviews the basic formula of a prominent indicator in each of the three
groups and presents global maps that have resulted from their use.

Scarcity as Water Supply-to-Demand: The Falkenmark Indicator

The most prominent indicator in the first group, focused on water supply 
to water demand, is the Falkenmark indicator (Falkenmark, 1989; Falken-
mark et al., 1989). Other notable indicators in this group include Ohlsson
(1999) and Sullivan et al. (2003), which incorporate a capacity to cope 
with scarcity. The Falkenmark indicator consists of only two variables: 
i) renew able water resources as a marker of water supply, and ii) human
population as a proxy for water demand. Water supply is divided by
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population to determine water availability per capita per year: 1,700m3 of
renewable water resources per capita per year is the threshold for satisfying
water requirements in the household, agricultural, industrial and energy
sectors, and the needs of the environment (Figure 2.1). Regions that cannot
achieve such a ratio are said to experience water stress, and regions that fail
to achieve 1,000 m3 per capita are said to experience water scarcity.

The logic of the Falkenmark indicator appears conceptually aligned with
broader notions of resources scarcity. The indicator is based directly on the
relationship between supply of and demand for water. Further, the indicator
is relatively transparent and easy to interpret. The indicator’s treatment of
water demand as solely population-driven nonetheless warrants more
scrutiny. While such a relationship may in fact hold if focus is devoted only
to domestic water demand, determining a region’s aggregate water demand
as a direct function of population is misleading. Local demand for agriculture
goods does not require local production of such goods and may not translate
into associated local demand for water, for example, since it is possible to
satisfy demand for agriculture goods through trade. Treating water demand
as a direct correlation of population becomes additionally misleading when
such a correlation is used to project future demand for water—as done by
the creator of this indicator and others (e.g., Falkenmark, 1989). Indeed,
temporal changes in water use efficiency, policy choices, institutional
change, and technological advances may affect demand for water—
particularly demand for agricultural water—in such a way that mitigates
impacts of population change (e.g., Gleick, 2002).

Scarcity as Water Use-to-Water Supply: The Water Stress 
Indicator

A prominent indicator in the second group of water scarcity indicators,
focused on water use relative to water supply, is the water stress indicator

12 Jonathan Lautze and Munir A. Hanjra

Table 2.1 Methods of calculating water scarcity

Water scarcity Primary example Method of calculation
indicator group

1. Falkenmark indicator Renewable water resources/
population

2. Physical water scarcity Withdrawal/renewable water 
and water stress resources
indicator

3. Economic water scarcity High malnutrition (proxy for
unsatisfied water demand) and
(withdrawal/renewable water
resources) < 25%
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(Alcamo et al., 2000; Alcamo and Henrichs, 2002). Although this indicator
was initially combined with additional indicators to form a broader index
that measures vulnerability or scarcity (Raskin et al., 1997; Alcamo et al.,
1997), it was later used alone. The indicator consists of two variables: 
i) water withdrawal for human use, and ii) total renewable water resources.
Water withdrawal is divided by renewable water resources to produce a 
ratio that gauges water stress (Alcamo and Henrichs, 2002). IWMI (IWMI-
CA, 2007) has since used the same approach to measure physical water
scarcity. According to the water stress indicator (Figure 2.2), a region 
faces low water stress if annual withdrawals are below 20 percent of available 
water supply, mid stress if withdrawals are between 20 and 40 percent of
annual supply, and high stress if this figure exceeds 40 percent.

While this indicator is intuitive and easy to interpret, the degree to which
it measures water scarcity is again questionable. Indeed, treating the water
stress indicator as a measure of water scarcity rests on two fallacious
assumptions: i) water demand can be equated to water use, ii) water use can
be reduced to water withdrawal. The first assumption is dubious because, as
noted above, demand for water can exceed its use—it is precisely such a gap
between demand and use that is presumed to trigger a crisis. The second
assumption is misleading since water withdrawal comprises just one type of
water use. Many regions rely heavily on production from water use in rainfed
agriculture, for example, for which water is typically not withdrawn. Further,
the degree to which water reuse is incorporated is not clear.

Scarcity as Human-Water-Demand-to-Human-Water-Access:
Economic Water Scarcity

The third group of water scarcity indicators, focused on human-water-
demand-to-human-water-access, is only known to include the economic
water scarcity indicator (IWMI-CA, 2007). The conceptual basis for this
indicator appears to be that human demand for water either is or is not
equal to human access to water. Regions where human demand and access
are not equal—i.e., where human demand for water exceeds human access
to water—are classified as economically water scarce. Determination that
human water demand exceeds access is made by interpolating that water
withdrawal is too low to meet human needs. Determination that water with -
drawal is insufficient to satisfy human needs, in turn, is made based on satis -
faction of two criteria: i) water withdrawal is low, quantified as withdrawal
less than 25 percent of renewable water resources, and ii) demand for water
is not completely met, revealed by high rates of malnutrition. The result of
applying the economic scarcity indicator, as well as the physical scarcity
indicator which is identical to the water stress indicator elaborated above,
is shown in Figure 2.3.

The economic water scarcity indicator sheds light on the fact that
renewable water resources are not always readily accessible for human use.
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That is, the indicator exposes the fact that a region may possess high water
availability in theory, yet practical availability of that water for human use
may be limited due to lack of investments. The indicator’s assumption that
high malnutrition results from low water withdrawal—and the implied
corollary that increases in withdrawal may alleviate malnutrition—may
nonetheless be misleading. This singular focus on withdrawal would indeed
appear to belittle the role that improvements in income derived from non-
water-intensive sectors (e.g., industry) may play in reducing malnutrition.
Further, while withdrawal-driven increases in agricultural production may
boost incomes, which in turn reduce malnutrition, withdrawal is but one
among many means to raise incomes derived from agricultural production.
Provision of improved seeds and fertilizer, for example, or facilitation of
improved market access, may accomplish the same end with constant levels
of withdrawal.

2.5 Results: Determining Alignment and Identifying
Inconsistency

A comparison of definitions of natural resources scarcity with the two
definitions and various measures of water scarcity reveals which water
scarcity definition and indicator is most consistent with the commonly
accepted definitions of resources scarcity. Through its explicit focus on the
point at which demand for water exceeds supply of water, the UN-Water
definition is most consistent with broader conceptualizations of resources
scarcity. Similarly, through its explicit focus on water demand and water
supply, the Falkenmark indicator appears most aligned with notions of
resources scarcity. The Falkenmark indicator effectively translates funda -
mental notions of demand for a resource and supply of a resource into specific
water terms, and explicitly prescribes how to quantify those terms at a
country level. While it is fair to debate precisely how such terms are quan -
tified in the context of this indicator, particularly in the case of water
demand, the fact remains that the two fundamental variables contained in
the notions of resources scarcity can be directly matched with the two
measurable variables in the Falkenmark indicator.

In contrast to the Falkenmark indicator, the central variables in the water
stress indicator do not enjoy the same degree of alignment with broader
notions of natural resources and water scarcity. To reveal the mismatch, it
is helpful to directly juxtapose the two main variables in the water stress
indicator with the two main variables in broader definitions to enable com -
parison of the degree to which water withdrawal is consistent with water
demand, and the degree to which renewable water resources are consistent
with water supply. While ascribing consistency between renewable water
resources and water supply would likely trigger few objections, the degree
to which water withdrawal is consistent with water demand is far more
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debatable. As noted, broader notions of natural resource scarcity are predi -
cated on the basis that demand for water and natural resources is not always
manifested in use; indeed, the disparity between demand and use spurred
debate about the potential for a crisis. As such, it is conceptually dubious
to equate water demand with water withdrawal in the context of water
scarcity.

The anomaly of equating water demand with water use can be highlighted
with a pair of examples. A first example may be evidenced in certain poor
regions of the world, where populations utilize only 20 liters/person/day 
for their domestic needs. Can we treat this quantity as their demand for
domestic water? Or do we equate domestic water demand with an inter -
nationally recognized quantity (e.g., 100 liters/person/day) and assume that
there is unsatisfied demand and therefore a distinction between use and
demand? The logical basis of the latter question actually coincides with that
of the economic water scarcity concept, discussed in more detail below. 
A second example could come from Central Asia. One can state fairly
uncontroversially that environmental water demands are not met here, due
largely to excessive use of water for agriculture. Yet can we equate this
high—some would say unsustainable—use of agricultural water to water
demand? If so, we would introduce a good degree of subjectivity to the
determination of demand, and grandfather in behavior that prioritizes
demands by one sector at the expense of another.

To be clear, water stress is a valid concept, and the water stress indicator
can reveal useful information—potentially more useful than information
obtained through use of the Falkenmark indicator. Further, the indicators
of water stress likely embody a greater degree of sophistication than those
of the Falkenmark indicator. Nonetheless, water stress appears concep-
tually distinct from the concept of water scarcity. While the motivations
underlying the indicator’s name-migration from stress to scarcity are not
entirely clear, what is clear is that the conflation and confusion resulting
from loose use of terms describing this indicator and others may undermine
their practical application in appropriate roles to tackle real challenges.

A final issue that merits focus is the degree of conceptual alignment
between the economic water scarcity indicator and broader notions of
scarcity. At its conceptual core, economic water scarcity is focused NOT 
on water demand relative to water supply, as specified in the definition, but
rather on water demand relative to water access. Indeed, when water demand
is determined to be equal to water access, a region is presumed to not experi -
ence economic water scarcity; when water demand exceeds water access, a
region is determined to be economically water scarce. As such, while creators
of the economic scarcity may have been well-intentioned, this measure of
water scarcity is clearly at odds with broader notions of natural resources
and water scarcity.
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2.6 Discussion: What value? What role?

This chapter has presented definitions of natural resources and water scarcity,
as well as various measures of water scarcity. The chapter has determined
that, of the two major definitions of water scarcity, the UN-Water inter -
pretation is most consistent with broader conceptualizations of natural
resources scarcity. Further, the chapter compared fundamental notions of
scarcity elaborated in these definitions with the various indicators used 
to measure water scarcity, in order to identify which indicator is most aligned
with broader notions of the concept and therefore most conceptually sound.
The Falkenmark indicator was determined to be the most suitable according
to this standard.

Determination of the most appropriate definition and measure of water
scarcity in turn triggers a suite of broader follow-on questions, such as: What
practical value has the concept added, and in what role is it suitable to be
applied? The value and role of water scarcity, and the Falkenmark indicator
used to measure it, may in fact mirror that of natural resources scarcity. It
should be recalled that natural resources scarcity rose in prominence largely
in the context of alerting us to a crisis that was presumed to be looming.
This rise in conceptual prominence helped to foster the development of
various indicators of natural resources scarcity (e.g., Hall and Hall, 1984;
Krautkraemer, 2005). While the crisis has not materialized, it is difficult to
determine whether i) scarcity discussions engendered policy shifts that
averted such a crisis, or ii) such a crisis would have been otherwise averted
due to natural processes of adaptation and innovation.

Similar to discussions surrounding natural resources scarcity, the value
and practical use of the Falkenmark indicator often finds its way into roles
of highlighting doomsday conditions and crises that are envisioned to come.
Demand for water is projected forward to highlight that population increases
will lead to a much greater demand for water, which is presumed to cause
a future water crisis. Such crisis predictions often find their way into initial
sections of articles and reports (e.g., Chartres and Varma, 2011), and are
used in such a way to justify a more prominent focus on water management.
Nonetheless, linkages between doomsday projections of scarcity and specific
issues in articles and reports are often tenuous.

A broader issue with the water scarcity concept and indicator is that 
the implications of its message may be at odds with the purpose of employ-
ing the concept. That is, if a central goal in employing this concept is 
high lighting the urgency of a looming water crisis as a means to justifying
the need for a specific water project, questions should be posed about the
implications of determining that a region is water-scarce. Indeed, while
responses to conditions of water scarcity may include improving our
management of water through policy reforms and investments so that less
is wasted, responses to scarcity conditions can also include implementation
of many non-water measures—improving seed varieties, adding fertilizer,
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improving access to markets and post-harvest food storage—to increase the
output achieved through water use so that more is produced with the same
quantity of water consumption. In short, if a primary purpose of applying
water scarcity indicators is to galvanize support for water sector projects, it
is worth noting that many of the responses to water scarcity lie outside the
water sector. Moreover, the Falkenmark indicator may in fact mask certain
practical water-sector options—for example, increasing the use of un-used
water—for improving water management in a region.

While conclusive determination of explanatory factors is not possible,
one suspects that the increasing popularity of the water scarcity concept
may have led distinct concepts and indicators to adopt scarcity language.
As noted above, the water stress water use-to-water supply indicator gradually
migrated from a measure of vulnerability and stress into a measure of water
scarcity. This transition likely reflects a desire to subsume the valid yet
distinct concept of water stress under the presumably trendier heading of
water scarcity. A similar point could be made related to economic water
scarcity. The concept essentially indicates that a region possesses insuffi-
cient infrastructure to tap water—water that is presumably available and 
not scarce. Yet, even in this case, there is a contrived attempt to couch
non-scarcity in the language of scarcity. Indeed, if a region’s infrastructure
is too scarce to enable sufficient water use, why not simply call that region
infrastructure-scarce?

The bottom line is that the practical contribution of the water scarcity
concept and the Falkenmark indicator is unclear. Like broader projections
of crises associated with natural resources scarcity, doomsday predictions of
scarcity-induced water crises likely succeeded in raising awareness and
engendering concern—which in turn may have helped lead to investments
that alleviated certain crisis drivers. Nonetheless, recent declarations that
an impending water crisis is more related to water governance than scarcity
(e.g., UNESCO, 2006) may actually reflect recognition for the limitations
of message of a scarcity-induced water crisis. Indeed, whether or not this
shift away from scarcity-induced crisis to governance-induced crisis was a
calculated one, it certainly works to direct more attention to in-house water
sector policy options. If the goal of employing concepts is to attract attention
and support to the water sector, it makes sense to highlight challenges—for
example, poor water governance and management, high rainfall variability,
insufficient storage—that require solutions internal to the water sector.

2.7 Conclusion: Disaggregate Sectors

This chapter has reviewed definitions and measures of natural resources
scarcity and water scarcity. It identified the UN-Water definition of water
scarcity to be most consistent with broader notions of resources scarcity, and
determined the Falkenmark indicator to be most consistent with definitions
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of both natural resource and water scarcity. Discussion was then devoted to
the value that the water scarcity concept, and application of the Falkenmark
indicator, have added. This discussion revealed that the practical value of
this concept, and application of the indicator, is unclear. The discussion
also postulated that there is an allure associated with the term water scarcity
that has likely spurred distinct concepts to incorporate the language of
scarcity.

One issue that may not have been addressed in this document relates to
consideration of water scarcity—and more particularly water demand—in
different water-using sectors. The Falkenmark indicator appears to consider
water demand as an innate human requirement, with demand for water in
a region treated as a direct function of population in that region. While
water demand in the domestic sector could be tied to population size,
demands in other sectors is likely more closely linked to factors other than
population. In other words, whereas water requirements for domestic use
could be said to be a function of population (e.g., according to an inter -
national standard such as 100 liters/person/day, as set by the WHO), demand
for water in other sectors such as agriculture is far less straightforward. A
country’s population-based demand for agricultural goods—and the water
implicitly embedded in such goods—does not require in-country demand 
for such water. Indeed, goods have been traded for ages in order to exploit
comparative advantages and satisfy local demand with imported supplies.

Limitations associated with applying the Falkenmark indicator to non-
domestic sectors may call for greater attention to the rationale for application
of the indicator to different sectors. In essence, the level of water use in a
region is often a function of policy choices, and social and economic factors.
To treat levels of water use that result from such choices and factors as 
water demand would be to accept that water demand—and hence the water
scarcity that follows when demand exceeds supply—is a manufactured
process, as suggested by some (e.g., UN, 2006; Mehta, 2007). Nonetheless,
as established above, it is fairly dubious to equate water use with water
demand. These realities engender fairly profound questions about the degree
to which water scarcity is a concept that can validly be applied to non-
domestic sectors of water use.

In conclusion, it may make sense to disaggregate sectors that have been
traditionally aggregated in water scarcity indicators. Sectoral disaggregation
would likely defuse many of the apocalyptic scenarios of water crisis
associated with water scarcity, with alarmist language of “absolute scarcity”
supplanted by more sober descriptions such as “plenty of water for drinking,
cooking, cleaning, but most food will need to be imported.” Notably, few
regions would appear water scarce when assessed solely from the perspective
of their domestic water requirements because domestic water requirements
are quite low compared to those of other sectors. Nonetheless, the relative
authority with which one can apply water sector indicators to the domestic
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sector—and the numerous confounding variables present when one applies
water scarcity to a broader set of sectors—may call for confining application
of the water scarcity indicator to the domestic sector.
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3 Water Governance

Jonathan Lautze, Sanjiv de Silva, Mark
Giordano, and Luke Sanford1

3.1 Introduction

No one is against good water governance. In fact, with economically viable
supply-side options decreasing and demand management tools not always
delivering desired results, water governance has emerged as perhaps the most
important topic in the international water community in the twenty-first
century (Rogers and Hall, 2003; UNDP, 2004; UNESCO, 2006). The 2001
Bonn International Conference on Freshwater, a precursor to the 2002
Johannesburg World Summit on Sustainable Development (Bonn, 2001),
identified water governance as the first of three areas of priority action. The
second World Water Development report (UNESCO, 2006) highlighted 
the central role of water governance in improving water resource conditions
and boldly stated that “the world water crisis is a crisis of governance—not
one of scarcity.” The World Bank has also recognized the importance of key
governance tenets, such as accountability, in its efforts to reduce the impact
of water scarcity (Bucknall, 2007).

Although acknowledgement of and appreciation for water governance’s
importance is widespread, definitions of the concept can be broad and fuzzy,
and inconsistencies in usage and interpretation are common. Castro (2007),
for example, points out how UNESCO literature contains a contradiction
between i) treating water governance as an instrument to achieve certain
goals, and ii) a process that defines the goals. Sehring (2009) asks whether
a viable definition of water governance exists and is even possible to create.
Tortejada (2006) states that water governance is simply an amalgamation
of concepts already in use but under a new, trendy label. Finally, Franks and
Cleaver (2007, p. 292) note the “lack of theoretical analysis and debate on
core concepts of water governance,” and question the very assumption that
good water governance leads to good water outcomes.

While this might seem like another semantic issue of development jargon,
the definition of water governance has real implications for financial
resources and policy as well as actual water resources outcomes. Major
donors—including the Swedish International Development Agency (SIDA),
the US Agency for International Development (USAID), and the United



Nations Development Programme (UNDP)—have now funded projects and
programs focused on improving water governance. Likewise, major educa -
tional efforts have been launched to train water professionals in water
governance, such as the efforts of the Global Water Partnership and the
Arab Water Academy.

To provide a foundation so that such significant investments can hit their
mark (i.e., improve water governance), this chapter suggests refining the
definition of water governance and the related qualities of good water gov -
ern ance so that they are consistent with the broader notions of governance
as understood outside the water sector. The chapter first reviews definitions
of governance and water governance (section 3.2). Commonly cited prin -
ciples of good or effective water governance are then examined (section
3.3). The chapter next examines meanings of water governance and good
water governance relative to those of water management and, especially,
Integrated Water Resources Management (IWRM) in order to understand
some of the underlying sources for confusion surrounding the concepts
(section 3.4). Key anomalies and inconsistencies are then high lighted and
discussed (section 3.5). Finally, a refined definition of water governance 
and set of “good” water governance principles are produced as the outcome
of this critical re-examination (section 3.6). The chapter’s findings reveal
fundamental inconsistencies between definitions of water governance and
certain principles of good water governance, spurred by a basic conflation
of process and outcome. More broadly, the results provide an improved con -
cep tual basis on which real advances in water governance and water
outcomes can potentially be achieved.

3.2 Governance and Water Governance

Use of the word “governance” dates back to ancient Greek times, when 
the term applied to government and simply meant to steer (Jessop, 1998). Not
surprisingly, definitions and conceptualizations of governance have grown in
length and number in recent times, and application of the term has generally
broadened to include non-state actors such as civil society, the private sector
and non-government organizations (NGOs) rather than simply government
(Stoker, 1998; Tropp, 2007). While an exhaustive search for definitions of
governance could likely produce hundreds of results, eight defini tions sourced
from key thinkers on the topic are shown in Table 3.1.

These definitions include three core concepts and exclude one key
concept that, as will be shown in later sections, is often included as part of
water governance. First, governance is consistently viewed as the processes
involved in decision making. Second, the processes of decision making take
place through institutions (including mechanisms, systems, and traditions).
Third, the processes and institutions of decision making involve multiple
actors. Thinking about what governance is through these core aspects also
sheds light on what governance is not. That is, governance is the processes
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Table 3.1 Selected definitions of governance

Definition Source

Governance is a process whereby societies or organizations Graham et al. (2003)
make their important decisions, determine whom they 
involve in the process and how they render account.

Since a process is hard to observe, students of governance 
tend to focus our attention on the governance system or 
framework upon which the process rests—i.e., the 
agreements, procedures, conventions, or policies that 
define who gets power, how decisions are taken, and how 
accountability is rendered.

The process whereby elements in society wield power International
and authority, and influence and enact policies and Institute of 
decisions concerning public life, and economic and Administrative
social development. Sciences (1996)

The traditions and institutions by which authority in a Kaufmann et al. 
country is exercised. This includes the process by which (2005)
governments are selected, monitored, and replaced; the 
capacity of the government to effectively formulate and 
implement sound policies; and the respect of citizens and 
the state for the institutions that govern economic and 
social interactions among them.

The concept of governance is viewed by IGS as the sum Institute of 
total of the institutions and processes by which society orders Governance Studies 
and conducts its collective or common affairs. (2008)

The process of decision making and the process by which UNESCAP (2009)
decisions are implemented (or not implemented).

The exercise of political, economic, and administrative UNDP (1997)
authority to manage a nation’s affairs. It is the complex 
mechanisms, processes, and institutions through which 
citizens and groups articulate their interests, exercise their 
legal rights and obligations, and mediate their differences.

Summary by the Asian Development Bank (ADB) ADB Institute 
Institute of existing literature on governance: (2005)

• the processes by which governments are chosen, 
monitored, and changed;

• the systems of interaction between the administration, 
the legislature, and the judiciary;

• the ability of government to create and to implement 
public policy;

• The mechanisms by which citizens and groups define 
their interests and interact with institutions of authority 
and with each other.

The manner in which power is exercised through a Miller and Ziegler 
country’s economic, political, and social institutions. (2006)



and institutions involved in decision making and not the outcomes of that
decision making (Rauschmayer et al., 2009).

Governance related to water appears to have first reached the inter -
national stage at the World Water Forum in the Hague in 2000, where
ministers boldly, though circularly, called for governing water wisely to ensure
good governance (Rogers and Hall, 2003). Shortly thereafter, in 2001, water
governance achieved further prominence when it was identified as the first
of three areas of priority action at the International Conference on Fresh -
water in Bonn, a precursor to the 2002 World Summit on Sustainable
Development (Bonn, 2001; Sehring, 2009). Attended by a range of actors
including politicians, diplomats, and NGO representatives, the conference
helped to spur a prominent role for water governance for years to come.
Indeed, numerous international organizations (SIDA, USAID, World Bank,
etc.) funded projects explicitly focused on improving water governance in
the ensuing years.

Simultaneous with the term’s rise to prominence, a number of organ -
izations associated with the burgeoning international water movement began
to operationalize the term. Two research and networking bodies were par -
ticularly relevant: the Global Water Partnership (GWP) and UN-Water.
The GWP was founded in 1996 by the World Bank, UNDP, and SIDA to
provide an organizational umbrella for coordinating IWRM activities.
Although created with the explicit objective of promoting and implementing
IWRM, the GWP also took up the issue of water governance by supporting
the development of regional policy papers on the topic, fostering related
discussions at workshops and, importantly, developing a definition of the
term. UN-Water was launched in 2003 as a coordination mechanism to
support member states in their efforts to achieve water-related targets, such
as those contained in the Millennium Development Goals (MDGs).2 UN-
Water’s flagship program, the World Water Assessment Program (WWAP)
monitors freshwater issues in order to provide recommendations, develop
case studies, enhance assessment capacity at a national level, and inform
the decision-making process (Conca, 2006).

The most prominent definition of water governance was originally
produced by the GWP (2002) and subsequently utilized in both GWP and
UN-Water WWAP documents. It defines water governance as “the range
of political, social, economic and administrative systems that are in place to
develop and manage water resources, and the delivery of water services, at
different levels of society” (GWP, 2002). While not receiving the same level
of attention, two other definitions are noteworthy: i) “the differ ent political,
social and administrative mechanisms that must be in place to develop and
manage water resources and the delivery of water services at different levels
of society” (GWP-Med, 2001, slide 2), ii) “the political, economic and social
processes and institutions by which governments, civil society, and the private
sector make decisions about how best to use, develop and manage water
resources” (UNDP, 2004, p. 10).
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These three definitions appear to manifest a marriage of broader concepts
of governance with sector-specific concepts of water resources management
and service delivery. Governance notions of systems, mechanisms, processes,
and institutions on the one hand are combined with water resources devel -
opment and management on the other. As with general definitions of
governance, the presence of multiple actors is again apparent here, often
with explicit attention to the fact that actors may exist at different levels
or scales.

Despite general consistency with broad concepts of governance, a subtle
difference in orientation may nonetheless exist within these water govern -
ance definitions. Whereas the focus of UNDP’s (2004) definition appears 
to be on decision-making processes and institutions for how to use water, GWP
definitions treat water governance as systems and mechanisms that are or 
must be in place to use water.3 In other words, whereas UNDP’s definition
is about processes that decide how water is used, GWP’s definitions are more
synonymous with a set of institutions that should be in place to use water.
The latter definition places less emphasis on dynamic processes of decision
making and reflects movement toward treating water governance as simply
institutions related to water, perhaps opening the door for a more mech -
anistic and prescriptive understanding of the term.

3.3 Principles for Improving Water Governance

At a practical level, the most important discussion related to water govern -
ance centers on identifying principles of good water governance. Principles
of good or effective water governance create the important bases for assessing
the state of water governance in a given location, and it is through these
assessments that opportunities for improvement can be identified. Most
development projects in the field are indeed focused on improving water
governance. Critically important, then, is ensuring that principles for im -
prov ing water governance are consistent with the concept of water govern -
ance, for example the focus is on processes and institutions for decision
making rather than pre-decided water resources outcomes.

Somewhat surprisingly, widely recognized qualities of good or effective
water governance are in short supply. Perhaps the only semi-authoritative
set of principles or criteria was produced by the GWP (Rogers and Hall,
2003) and subsequently adapted and utilized in UN-Water documents
(UNESCO, 2003; UNESCO, 2006; UNESCO, 2009). The GWP’s 12 prin -
ciples4 for effective water governance (Rogers, 2002; Rogers and Hall, 2003)
and UN-Water’s (UNESCO, 2003; UNESCO, 2006) ten criteria for effec -
tive water governance are largely consistent, with differences relating only
to grouping of the concepts. Provided here are the GWP’s 12 principles for
effective water governance:
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• open
• transparent
• participative
• accountable
• effective
• coherent
• efficient
• communicative
• equitable
• integrative
• sustainable
• ethical.

This list articulates many of the key elements that one would expect to find,
and that would be widely held to be consistent with good or effective govern -
ance in general. Nonetheless, given that water governance is essentially 
the processes and institutions through which decisions are made related 
to water, it follows that effective water governance is the extent to which
qualities that enable effective decision making are actually present in
facilitating decision-making processes. Although many of these water
govern ance prin ciples reflect characteristics of a good process (e.g., open,
transparent, participative, accountable, communicative, ethical) as one
would expect, some of them (e.g., efficient, equitable, integrative, effective,
sustainable) are in fact more associated with water resources outcomes.5
For example, participation and transparency can be reflected in decision
making by the level of stakeholder inclusion and the degree of open
disclosure of inform ation and decision-making criteria, respectively. By
contrast, efficient and sustainable water use comprises outcomes that may
result from a water govern ance process, but outcomes that say little about
the strength of the process in and of themselves.

Make no mistake that achieving efficient and sustainable water use is 
a valid, worthwhile goal. Nonetheless, equating effective governance with
effective outcomes implies a far different meaning for water governance 
than that assigned to it by its definition,6 and dilutes issues that are core to
water governance with those that are extraneous to the concept. If water
governance is truly as important as has been widely asserted, it makes sense
to understand and assess it on its own terms without introducing water
resources outcomes. Not only are outcomes conceptually distinct from gov -
ernance processes and hence not part of water governance, notions of
uniform good water resources outcomes are practically inconsistent with the
variation in values and preferences from one place to the next—variation
that gives rise to different perceptions of “good.”

Flaws can be seen in the current list when examined from other
perspectives as well. For example, there is potential inconsistency between
the equity and efficiency principles as well as between participation and
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sustainability. What if increased equity reduces efficiency? The possibility of
such trade-offs have been long documented. Or what if high participation
leads to the decision to use water unsustainably? Many countries have in
fact consciously decided to use fossil groundwater (and all have decided 
to use fossil fuels), a quintessentially unsustainable practice. According to
principles listed above, is water governance thereby ineffective in almost
every country? Additional inconsistencies are also apparent. The key, it
appears, is that where potential inconsistencies exist, at least one outcome
principle is involved.

3.4 Sources of Confusion: Water Management and IWRM

It may in fact be that the outcome–orientation of certain effective water
governance principles is triggered by an absorption, inadvertently or not, of
water governance into other prominent water sector paradigms (and/or vice
versa). Indeed, while water governance is distinct from water management
and IWRM,7 a review of some current water sector documents finds the
three concepts frequently intermingled and at times interchanged with little
apparent difference in meaning. To understand relationships among these
three topics as means to identifying sources of confusion and achieving
greater clarity on what water governance is and is not, this section reviews
and compares meanings of water management and IWRM with water
governance.

Water (resources) management has been defined as “the application of
structural and nonstructural measures to control natural and man-made water
resources systems for beneficial human and environmental purposes” (Grigg,
1996) and “the study, planning, monitoring, and application of quantita-
tive and qualitative control and development techniques for long-term,
multiple use of the diverse forms of water resources” (WHO, 2009, n.p.).
Whereas water governance is the set of processes and institutions through
which management goals are identified, water management is charged with
implementing the practical measures to achieve the identified goals. More
simply, water management aims to improve outcomes directly, where water
governance seeks to define what good outcomes are and align management
practices with those goals. Considering water management alongside water
governance, therefore, suggests that water governance pro vides the framework
for deciding on and undertaking management activities. While water
governance is at the core of planning activities, governance is relevant even
after the shift from planning to implementation. For example, undertaking
a practical task such as monitoring groundwater withdrawal can still be
affected by elements of water governance such as transparency.

Discussion of water management has grown increasingly moot as use of the
term is frequently supplanted by IWRM. IWRM has been defined by GWP
(2000, p. 22) as “a process which promotes the coordinated development and
management of water, land and related resources, in order to maximize the

Water Governance  31



resultant economic and social welfare in an equitable manner without
compromising the sustainability of vital ecosystems” and by USAID (2007,
n.p.) as “a participatory planning and implementation process, based on
sound science, that brings stakeholders together to determine how to meet
society’s long-term needs for water and coastal resources while maintaining
essential ecological services and economic benefits.”8 While the inclusive
nature of IWRM (Jonch-Clausen and Fugi, 2001; Biswas, 2004; Molle, 2008)
likely means that water governance, like many other concepts, is subsumed
within it, the set of predetermined goals or outcomes associated with IWRM
would appear to circumscribe a major role of water governance—that of
determining goals. Indeed, how partici patory can a planning process be if the
goals are pre determined by IWRM constructs?

Incorporation of water governance within the IWRM paradigm may in
fact highlight a broader pattern of co-opting water governance into the
frameworks of pre-existing organizational mandates, which has a knock-on
effect of diluting the conceptual clarity of water governance, undermining
its value, confusing practitioners and closing development options. In GWP
literature (e.g., Rogers and Hall, 2003), for example, water governance is
often treated merely as a tool or prescription to achieve outcomes associated
with IWRM. As stated in GWP’s formative document on water governance
(Rogers and Hall, 2003, p. 16), “water policy and the process for its formulation
must have as its goal the sustainable development of water resources.” Rather
than using a water governance process to define a goal, it is a water
governance process with a predefined goal. Analogously, UN literature often
treats water governance as an instrument to achieve certain goals, such as
the MDGs (UNDP, 2004; Castro, 2007) rather than a process to define goals.
Interestingly, the two organizations have now joined forces to view water
governance in an IWRM framework as critical to achieving MDG targets
(UN-Water and GWP, 2007).

The overall effect of including water governance within IWRM is that
a potentially distinct identity and, more importantly, role for the concept
appears lost. If water governance is important in itself, like many of the
heralded statements in the first section of this document suggest, the
decision-making process for setting water management goals should not be
relegated to a foregone conclusion. On the contrary, it is an effective
governance process that is first needed to determine which tenets of IWRM,
if any, are desirable for a specific location. Moreover, disregarding local
conditions, preferences, and values to uniformly apply IWRM principles
everywhere actually reflects poor water governance.

3.5 Discussion: Identifying Inconsistencies and Resolving
Anomalies

Previous sections highlighted how water resources goals or outcomes have
been incorporated alongside decision-making processes in conceptualizations
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of good or effective water governance. Incorporation of these predetermined
goals and outcome targets appears to be at least partially a byproduct of a
conflation of water governance with IWRM. Incorporation of outcome
tenets of IWRM into water governance frameworks, in turn, undermines
the ability of governance processes to define major water-related goals since
such goals have already been determined. As a result, the practical value of
water governance is greatly reduced.

A fundamental conflict appears to exist between the more endowed
conceptualization of water governance found in the term’s definitions and
the more subordinated interpretation of the term evidenced in popular 
usage by the water community. The primary role for water governance stipu -
lated by the formal definition would be to define water management goals,
aligning them with local preferences. Popular perceptions of water govern -
ance, by contrast, view the concept more as a tool to achieve better water
man agement, the parameters of which appear to be already set according to
international standards (e.g., efficiency, equity, sustainability). A large part
of the latter perspective of governance as a tool—absent from the logic
underlying the interpretations that follow more strictly from the definition—
stems from an often-unquestioned assumption that good water governance
actually leads to “good” on-the-ground conditions and “good” outcomes are
a reflection of good governance.

Comparing governance processes with water resources and economic
outcomes in India and China helps shed light on this presumed relation-
ship. In India, governance processes could be considered relatively open 
and governance structures relatively inclusive. In China, governance
processes are relatively closed according to conventional international
metrics, as decisions tend to be made in a top-down fashion that may lack
transparency and extensive stakeholder consultation. Applying international
standards of good governance, therefore, might suggest that the processes
are better in India than in China. However, if one were to examine the
efficiency and effectiveness of China’s on-the-ground water resources
outcomes according to conventional indicators (e.g., water productivity),
they would appear equal to or better than those of India. In short, despite
its comparatively better governance practices, India generally appears to
have worse outcomes.

Another example from the Middle East is also helpful. Here certain oil-
rich countries (e.g., Saudi Arabia) may be able to achieve good outcomes
while bypassing good governance processes, whereas other countries with a
less lucrative natural resources base (e.g., Jordan) may not be able to achieve
good outcomes even while applying all good governance processes. In Jordan,
for example, water cuts in much of the country are routine as ground and
surface water levels decline, despite a relatively inclusive and transparent
policy planning process. In Saudi Arabia, by contrast, desalination plants
enable more water for cities, rendering water cuts less frequent, yet policy
planning processes are not as open and participative. This is not to say that
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good water governance leads to bad outcomes, but rather to say that water
governance is not directly linked to outcomes, and it is certainly possible
that absent good governance practices in Jordan the water outcomes there
would be worse.

Nonetheless, what seems clear from these examples is that better
governance may not lead to better management. That is, the impact of
better water governance is evidenced not in better water use according to
standard criteria, but rather in management that is more aligned with societal
goals. In Jordan and India, one assumes that management goals are more
consistent with the preferences of populations in those countries owing to
the strength of the process on which those goals were decided. In China
and Saudi Arabia, conversely, current governance processes make it rela -
tively difficult to determine the extent to which government goals reflect
popular preferences. While improving water governance in these countries
could likely help achieve greater consistency between management goals
and societal preferences and values, whether or not governance improve -
ments lead to “better” water use according to international IWRM standards
is entirely unclear.

Interestingly, if one were to evaluate the two types of countries according
to current water governance frameworks that include outcome-based
principles (Rogers and Hall, 2003; UNESCO, 2006), evaluation results
might look roughly similar despite vastly different situations. If, for example,
there is no transparency, participation, or control of corruption in decision
making, yet oil wealth allows a country to achieve effective, efficient, and
sustainable water resources and economic outcomes, an aggregate “govern -
ance” evaluation using conventional metrics could still look respect able.
The opposite could also be true. In countries with high participation,
transparency, and minimal corruption yet which lack finances for technol -
ogies to achieve more efficient, effective, sustainable outcomes, an aggregate
“governance” score would be only mediocre despite excellent processes that
reflect application of all good process principles.

The last example highlights another important distinction that should
be explicitly recognized: that of governance and management. If a wealthy
country is able to improve effectiveness, efficiency, and sustainability of
water resources outcomes by, for example, investing in water conservation
technologies and desalination plants, does that reflect a governance or
management improvement, or both? Similarly, if a country utilizes a good
forecasting and modeling system to help it to predict and avert a flood, does
this improved outcome come as a byproduct of improved governance or
improved management? If one interprets governance in the strict process
sense as specified by the definition, neither improvement necessarily repre -
sents improved governance. To the extent that there is high partici pation,
high transparency, and low corruption in the process of deciding to under -
take and implement these developments, the decision-making frame work
behind such developments could reflect good or bad governance. By contrast,
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increasing the efficiency, effectiveness, and sustainability of water resources
outcomes marks an improvement in water management.

In sum, it appears that IWRM principles have come to influence inter -
pretations of water governance and notions of good water governance.
IWRM is more prescriptive in nature, having largely predefined outcome
goals. Governance, on the other hand, is focused on the processes that are
used to decide what the goals are. The greater the predefinition of goals,
the more attenuated the role for good governance. And importantly, while
good water management or IWRM can produce “good” water outcomes
without application of good governance principles (e.g., China or Saudi
Arabia in the examples above), it is impossible to know that such outcomes
are in fact “good” without a participative and transparent governance process
to define a good outcome. Indeed, defining “good” in different locations may
be the primary role for water governance, as international definitions of
good outcomes do not necessarily coincide with those that are locally
generated.

3.6 Conclusion: Back to Basics

To review, water governance first hit the international stage in 2000. The
Hague Ministerial Declaration in that year boldly called for governing water
wisely to ensure good governance (Rogers and Hall, 2003). Interestingly, the
tautological phrasing of this declaration suggests that there has been
confusion in the meaning of water governance from the original usage of
the term. The meteoric ascent in importance of the concept evident in the
Bonn Declaration the following year, where again interpretation of the term
appears murky,9 ensured a level of prominence for the concept that appeared
at odds with general knowledge of its meaning. Given the findings of this
chapter, one can easily speculate that its rise to prominence may have been
to the detriment of its conceptual utility, as analytical scrutiny to enable a
stronger understanding of what the term does and does not mean appears
grossly scant.

A related issue concerns how the ambiguity and misunderstanding
associated with the term have continued unresolved for more than a decade.
Why haven’t any of the numerous projects focused on water governance
managed to produce a stronger general understanding of the term for
practitioners and researchers alike? One possible explanation is that the
chicken may have been counted before it hatched. Before the concept of water
governance had even been defined, it was anointed the first of three priority
issues in Bonn, and major international actors soon jumped on the band -
wagon. By recognizing water governance as an important issue before it was
even clear what it was, the impetus to understand the term and allocate it
an appropriate level of importance may have been reduced.

This chapter has taken a step in re-evaluating water governance and
comparing it with related concepts with which the term is often confounded.
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Given the persistent ambiguity but continued importance of the concept 
in discourse and policy, it is time to return back to basics by evaluating 
the definition of the concept and the qualities of good water governance.
To provide a basis for debate and understanding of water governance, we
therefore offer a new definition of term followed by a list of good water
governance qualities consistent with the general understanding of the term
governance outside the water sector. This definition draws directly on the
general definition of governance, and is analogous to the definition of
environmental governance (World Resources Institute, 2003, p. 3):

Water Governance: Water Governance is the processes and institutions
by which decisions are made that affect water. Water governance does
not include practical, technical and routine management functions such
as modeling, forecasting, constructing infrastructure and staffing. Water
governance does not include water resources outcomes.

Good Water Governance Qualities
1. Openness and transparency
2. Broad participation
3. Rule of Law (predictability)
4. Ethical, including integrity (control of corruption)

Notes
1. This chapter has been adapted from a previously published document: Lautze,

J., de Silva, S., Giordano, M., Sanford, L. 2011. Putting the Cart before the
Horse: IWRM and water governance. Natural Resources Forum 35(1): 1–8.

2. In 2003, UN-Water was endorsed as the new official United Nations mechanism
for follow-up of the water-related decisions reached at the 2002 World Summit
on Sustainable Development and the Millennium Development Goals.

3. Indeed, absent from GWP definitions (GWP-Med, 2001; GWP, 2002) is explicit
use of core governance language such as “processes” and “institutions,” and
“decision making.”

4. The number of these principles ranges from seven in consolidated form (Rogers
and Hall, 2003) to 12 when left unconsolidated (Rogers, 2002).

5. We appreciate here that several of these principles can be treated as an element
of process or outcome. The way the term is used in the report leads one to
believe the authors were applying them as elements of an outcome.

6. The report in which these are listed even categorizes some of these qualities
separately in a “performance” category.

7. Indeed, if there is no distinction, there is no need for a new term.
8. USAID (2007) continued to explain that “IWRM helps to protect the world’s

environment, foster economic growth and sustainable agricultural development,
promote democratic participation in governance, and improve human health.”

9. Indeed, while the list of 12 specific actions under the rubric of water governance
include some attributes commonly linked with governance (e.g., participation,
gender equity, fight corruption), many core water resources management functions
are also present; e.g., “improve water management,” “protect water quality and
ecosystems,” “manage risks to cope with variability and climate change.”
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4 Water Security

Jonathan Lautze and Herath Manthrithilake1

4.1 Introduction

Water security has come to assume an increasingly prominent position in
the international water and development community in recent years. Staff
at the World Bank have explained that water security is critical for growth
and development (Grey and Sadoff, 2007; Grey and Connors, 2009). The
importance of water security for the sustainable development of countries
such as China has been recognized nationally (Chen, 2004; Cheng et al.,
2004; Liu et al., 2007). Water security has been at the heart of high profile
negotiations on a Cooperative Framework Agreement in the Nile Basin
(WaterLink, 2010). Finally, academia (Briscoe, 2009; University of East
Anglia, 2009; Sinha, 2009; Tarlok and Wouters, 2009; Vorosmarty et al.,
2010; Zeitoun, 2011; Cook and Bakker, 2012; Lankford et al., 2013) and
other development actors (FAO, 2000; Swaminathan, 2001; Asian Develop -
ment Bank, 2007; Biswas and Seetharam, 2008; Asia Society, 2009) have
also placed prominent emphasis on the concept.2

Despite the elevated status that the term has increasingly acquired in
policy documents and development discourse, the concept of water security
remains largely unquantified.3 While there may be advantages to leaving the
concept as a qualitative theoretical ideal, there are simultaneously several
benefits to translating water security into numerical terms. First, it can
encourage clarity and common understanding of a concept around which
there currently exists substantial ambiguity. Second, it can help to foster
discussion and debate on scales and thresholds for evaluating the presence,
absence, or degree of water security. Third, it can help to assess the extent
to which the concept is really being achieved on the ground in different
locations.

This chapter devises an index that quantifies water security at a country
level in order to encourage a more concrete understanding of the term. An
initial section (section 4.2) reviews definitions of water security and identi-
fies five components that provide a conceptual framework for assessment:
basic needs, agricultural production, the environment, risk management,
and independence. The conceptual framework is then translated into a set



of numerical indicators (section 4.3), which are populated with data from
46 countries in the Asia-Pacific region to generate a set of results (section
4.4). The Asia-Pacific was selected because of its great diversity of water
resources conditions and economic development levels, and owing to its
degree of available data. Finally, key issues revealed through undertaking
this approach are examined (section 4.5), and the viability of the approach
as well as the added value of water security as a concept are discussed 
(section 4.6).

4.2 Conceptual Framework

As water security is a fairly new concept, definitions of the term appear to
be evolving. Reviewing four key definitions of the term suggests that the
meaning of water security has grown somewhat more expansive since its
initial use, to include more explicit focus on agriculture and food production,
adverse impacts of water, and national security. The Global Water Partner -
ship (2000, p. 12) defined water security simply as an overarching goal where
“every person has access to enough safe water at affordable cost to lead a
clean, healthy and productive life, while ensuring the environment is pro -
tected and enhanced.” Swaminathan (2001, p. 35) then stated that water
security “involves the availability of water in adequate quantity and quality
in perpetuity to meet domestic, agricultural, industrial and ecosystem needs.”
Cheng et al. (2004) subsequently defined water security to include access
to safe water at affordable cost to enable healthy living and food produc-
tion, while ensuring the water environment is protected and water-related
disasters such as droughts and floods are prevented. Finally, Grey and Sadoff ’s
(2007) more recent definition of water security is focused on “the availability
of an acceptable quantity and quality of water for health, livelihoods, eco -
systems and production, coupled with an acceptable level of water-related
risks to people, environments and economies.”4

Despite some differences, these definitions have several common strands.
A first common strand is a focus on access to potable water for basic human
needs or domestic use. A second relates to provision of water for productive
activities—presumably production of agriculture, food, and industrial goods,
as specified in some definitions. A third is the focus on environmental
conservation or protection. A fourth strand, common at least to the latter
two definitions, is prevention of water-related disasters. A final element
worth noting relates to Grey and Sadoff ’s (2007) broader treatment of risk,
which strongly suggests inclusion of issues related to water for national
security or independence.

Based on the four common strands and final element specific to Grey and
Sadoff (2007), a conceptual framework is hereby proposed that contains 
five components: basic needs, agricultural production, the environment, risk
management, and independence. It should be noted that the focus of the
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second component was confined to agricultural production, which encom -
passes food production yet excludes other areas that may plausibly be
subsumed within this component such as industry and energy. Focus was
confined to agriculture in the second component because agriculture is the
largest productive use of water, and because water was considered either too
extraneous to outcomes in other areas, non-essential, or establishment of
key relationships were too data constrained. With industry, for example,
water is but one input among many, and different levels of industrial output
are likely most associated with factors other than different levels of water
security. As for energy, while some countries rely on hydropower as a critical
source of energy, other countries satisfy all their energy requirements without
making use of hydropower.5 Gauging water security related to hydropower
in a cross-country fashion, therefore, is severely constrained by the non-
essentiality of hydropower for energy production. Finally, while there may
be a more direct connection in the case of water for cooling after electricity
generation, there was insufficient national-level data on water for cooling
so it was not considered.6

Importantly, consideration of these five components can be treated as
important to enabling many of the outcomes linked to water security, such
as adequate food consumption, healthy people, economic development, and
environmental conservation. However, achieving security in these areas is
a function of much more than water security. For example, while water
security can imply that economies are buffered from droughts and floods,
this does not mean that economies will be resilient from other shocks such
as those related to global financial crises. Similarly, while water security
implies sufficient agricultural production to feed a community or country,
the selection of crops that satisfy nutritional needs, and the distribution and
provision of those crops in a time-appropriate manner may not fall within
the parameters of water security—this is food security. As such, water
security can be considered but one contributor to the security of other areas
such as food and environment. Ultimate security in these areas, however,
relies on factors over and above those specific to water security.

4.3 Methods

To assess water security for basic needs, agricultural production, the envir -
onment, risk management, and independence, data were utilized from 
a combination of recent sources (e.g., FAO AQUASTAT, 2007; WHO, 
2009; World Resources Institute, 2009). Methods used to assess water
security in each of the five components of the framework are discussed below
and sum marized in Table 4.1. A quintile-based approach was utilized in each
com ponent, whereby countries were ranked according to their performance,
divided into five quintiles that were approximately equal in size, and assigned
a score depending on the quintile into which they fell.
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A. Water Security for Basic Needs

To assess the degree to which countries have achieved water security for
the basic needs of their populations, we utilized data from the World Health
Organization (WHO, 2009) on percentage of populations with sustainable
access (within 1 km) to an improved water source (household connections,
public standpipes, boreholes, protected dug wells, protected springs, and
rainwater collection). Results for countries were ranked according to the
proportion of their population with sustainable access to an improved water
source and divided into five groups of roughly equal size. A score between
1 and 5 was assigned to each group: 5 indicates a greater proportion of a
country’s population has sustainable access to an improved water source,
and 1 indicates a smaller proportion has sustainable access to an improved
water source.

B. Water Security for Agricultural Production

The degree to which water security for agricultural production is achieved
in a country was treated as a composite of two sub-indicators: i) water
availability per capita and ii) water withdrawal per capita. Data for both
sub-indicators were obtained from FAO AQUASTAT (2007). Water avail -
ability per capita (i.e., renewable water resources/population) provides an
indication of total water available for agricultural production. It is particu -
larly relevant to rainfed agriculture in a country, but it also provides an
indication of the potential for irrigation. Given that greater water avail-
ability enables more rainfed agriculture and greater potential for irrigation,
greater water availability per capita can be associated with greater water
security for agricultural production. Water withdrawal per capita provides
an indication of how much control a country possesses of its water resources.
Given that agriculture is the primary user of water in virtually every coun-
try, accounting for more than 80 percent of water use in Asia (FAO
AQUASTAT, 2007), greater control of water can be associated with greater
water security for agricultural production.

For each of the two sub-indicators (water availability per capita and water
withdrawal per capita), countries were ranked and divided into five groups.
A score between 1 and 5 was then assigned to each group. For the first 
sub-indicator, a score of 5 reflects greater water availability per capita, and
a score of 1 indicates less water availability per capita. For the second 
sub-indicator, a score of 5 indicates greater water withdrawal per capita 
and a score of 1 indicates less water withdrawal per capita. Results in each
of the two sub-components were then averaged. Therefore 5 represents
greater water security for agricultural production in a country, and 1 repre -
sents less water security for agricultural production in a country.

42 Jonathan Lautze and Herath Manthrithilake



T
ab

le
 4

.1
C

al
cu

la
ti

ng
 w

at
er

 s
ec

ur
it

y

O
ve

ra
ll 

W
at

er
 S

ec
ur

it
y 

=
 A

 +
 B

 +
 C

 +
 D

 +
 E

C
om

po
ne

nt
D

efi
ni

tio
n

Sc
or

in
g 

sy
st

em
So

ur
ce

A
=

B
as

ic
 

Pe
rc

en
ta

ge
 o

f p
op

ul
at

io
n 

H
ig

h 
pe

rc
en

ta
ge

 o
f p

op
ul

at
io

n 
w

it
h 

ac
ce

ss
 t

o 
im

pr
ov

ed
 

W
H

O
, 2

00
9

H
ou

se
ho

ld
 

w
it

h 
su

st
ai

na
bl

e 
ac

ce
ss

 t
o 

w
at

er
 s

ou
rc

e 
=

 5
 t

o 
lo

w
 p

er
ce

nt
ag

e 
of

 p
op

ul
at

io
n 

w
it

h 
N

ee
ds

an
 im

pr
ov

ed
 w

at
er

 s
ou

rc
e

ac
ce

ss
 t

o 
im

pr
ov

ed
 w

at
er

 s
ou

rc
e 

=
 1

B
=

Fo
od

 
T

he
 e

xt
en

t 
to

 w
hi

ch
 w

at
er

 
W

at
er

 s
ec

ur
it

y 
fo

r 
ag

ri
cu

lt
ur

al
 p

ro
du

ct
io

n 
=

 (
a+

b)
/2

FA
O

 A
Q

U
A

ST
A

T
, 

Pr
od

uc
ti

on
is

 a
va

ila
bl

e 
an

d 
ha

rn
es

se
d 

20
07

fo
r 

ag
ri

cu
lt

ur
al

 p
ro

du
ct

io
n

a.
W

at
er

 a
va

ila
bi

lit
y 

Fr
om

 lo
w

 a
va

ila
bi

lit
y 

=
 1

 
(R

W
R

/p
op

ul
at

io
n)

to
 h

ig
h 

av
ai

la
bi

lit
y 

=
 5

b.
W

at
er

 u
se

 
Fr

om
 lo

w
 w

it
hd

ra
w

al
 =

 1
 

(W
it

hd
ra

w
al

/p
op

ul
at

io
n)

to
 h

ig
h 

w
it

hd
ra

w
al

 =
 5

C
=

En
vi

ro
nm

en
ta

l 
Pe

rc
en

ta
ge

 o
f R

en
ew

ab
le

 
H

ig
h 

pe
rc

en
ta

ge
 a

bo
ve

 E
W

R
 =

 5
 t

o 
lo

w
 p

er
ce

nt
ag

e 
co

nv
er

te
d 

fr
om

 
Fl

ow
s

W
at

er
 R

es
ou

rc
es

 (
R

W
R

) 
ab

ov
e 

EW
R

 =
 1

Sm
ak

ht
in

 e
t 

al
., 

av
ai

la
bl

e 
in

 e
xc

es
s 

of
 

20
04

en
vi

ro
nm

en
ta

l w
at

er
 

re
qu

ir
em

en
t 

(E
W

R
).

 T
ha

t 
is

, 
[R

W
R

 –
(e

nv
ir

on
m

en
ta

l 
w

at
er

 r
eq

ui
re

m
en

t 
+

 
w

it
hd

ra
w

n 
w

at
er

)]
/R

W
R

.

D
=

R
is

k 
R

is
k 

M
an

ag
em

en
t 

m
ea

su
re

s 
R

is
k 

M
an

ag
em

en
t 

=
 (

a+
b)

/2
M

it
ch

el
l e

t 
al

., 
M

an
ag

em
en

t
th

e 
ex

te
nt

 t
o 

w
hi

ch
 c

ou
nt

ri
es

 
a.

 I
nt

er
-a

nn
ua

l C
V

Fr
om

 lo
w

 C
V

 =
 5

 t
o 

20
02

; I
C

O
LD

, 2
00

3;
 

ar
e 

bu
ffe

re
d 

fr
om

 t
he

 e
ffe

ct
s 

hi
gh

 C
V

 =
 1

FA
O

 A
Q

U
A

ST
A

T
, 

of
 r

ai
nf

al
l v

ar
ia

bi
lit

y 
th

ro
ug

h 
b.

 S
to

ra
ge

Fr
om

 h
ig

h 
st

or
ag

e 
=

 5
 

20
07

la
rg

e 
da

m
 s

to
ra

ge
to

 lo
w

 s
to

ra
ge

 =
 1

E 
=

 
In

de
pe

nd
en

ce
In

de
pe

nd
en

ce
 m

ea
su

re
s 

th
e 

Fr
om

 lo
w

 d
ep

en
de

nc
e 

on
 e

xt
er

na
l w

at
er

s 
=

 5
 t

o 
hi

gh
 

W
R

I, 
20

09
ex

te
nt

 t
o 

w
hi

ch
 c

ou
nt

ri
es

 
de

pe
nd

en
ce

 =
 1

w
at

er
 a

nd
 fo

od
 s

up
pl

ie
s 

ar
e 

sa
fe

 a
nd

 s
ec

ur
e 

fr
om

 e
xt

er
na

l 
ch

an
ge

s 
or

 s
ho

ck
s



C. Water Security for the Environment

The degree to which water security for the environment is achieved in a
country was considered to be the extent to which environmental water
requirements are satisfied. Clearly, achieving sufficient quantities of water
for environmental needs captures only part of the picture, as it is also import -
ant that water for the environment be of appropriate quality. Nonetheless,
since country-level data on water quality were not widely available, focus
was devoted solely to water quantity.

To assess country-level water security for environmental flows, we
determined the percentage of un-withdrawn water in excess of the environ -
mental water requirement. To calculate this percentage, we subtracted the
amount of water withdrawn and the environmental water requirement from
a country’s renewable water resources (converted from Smakhtin et al.,
2004). The remaining amount was then divided by a country’s renewable
water resources (RWR).7 Countries were ranked, divided into five groups,
and a 1 through 5 score was applied to each group: 5 indicates a greater
pro portion of water available in excess of the environmental water require -
ments and 1 indicates a smaller proportion.

D. Water Security for Risk Management

Recognizing that many essential activities in countries are vulnerable to
fluctuations in rainfall and that storing water constitutes a viable method
to mitigate the effects of these fluctuations, water security for risk manage -
ment was considered to be the extent to which water storage capacities are
in place to offset a country’s level of inter-annual rainfall variability. This
indicator contains two sub-components. A first sub-component consists of
the percent of renewable water resources stored in each country, calculated
by dividing the storage capacity in large dam reservoirs (International Com -
mission on Large Dams, 2003) by the country’s renewable water resources
(FAO AQUASTAT, 2007). Large dams are admittedly but one storage
option, as there are indeed other ways to store water such as in the ground,
soil, and behind small dams (IWMI, 2009; Taylor, 2009). Nonethe less,
accessible data across countries are only available for water storage behind
large dams. Countries were stratified into five groups depending on the
percent of their renewable water resources that they store, with higher
storage levels scoring greater than lower storage levels.

The second sub-indicator focused on inter-annual rainfall variability, for
which we utilized country-level data on the inter-annual rainfall coefficient
of variation (Mitchell et al., 2002). Countries were divided into five groups
according to the degree of inter-annual rainfall variability, with lower rainfall
variability scoring greater than higher rainfall variability. To develop an
aggregate score for risk management, each country’s scores in the two sub-
components were averaged. A 1 through 5 scale was utilized. Scores toward
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5 indicate greater water security for risk management (i.e., more storage, less
variability). Scores toward 1 indicate less water security for risk management
(i.e., less storage, more variability).

E. Water Security for Independence

Recognizing that a country’s national security is tied to the degree to which
it is capable of satisfying its own water needs through internal means, water
security for independence was considered to be the proportion of a country’s
water resources generated internally. To determine the proportion of water
originating inside a country, we utilized the dependency ratio (World
Resources Institute, 2009), an indicator of the proportion of a country’s
water resources that are generated internally. Countries were categorized on
a 1 through 5 scale such that a score of 5 indicates that a country is largely
reliant on its own water resources and 1 indicates a heavy reliance on
external waters.8

Overall Water Security Index

To generate a score for overall water security, results for each of the five
components were summed, producing a 25-point scale (Table 4.1). Just as
5-point scales indicate the degree of water security achieved in individual
components, the broader score on a 25-point scale indicates the degree of
overall water security in a particular country. In Figure 4.1, therefore, scores
for each of the components is on a 5-point scale, and the overall maximum
that can be achieved by a country in all five components is 25 points. A
higher score indicates greater water security, and a lower score indicates the
opposite.

4.4 Results

Comparing the strength of overall water security scores across countries
reveals substantial dispersion, with scores ranging from less than 10 to greater
than 20 (Figure 4.1). Noticeably, even in those countries that appear 
quite water secure, there still exist weak spots. Despite Australia’s overall
high level of water security, for example, the specific component of risk
management appears only mediocre. Similarly, Japan appears limited by its
poor score in water security for the environment, and Malaysia could do
with improvement in water security for the environment and independence.
Conversely, in water insecure countries such as Cambodia and Afghanistan,
weak spots are apparent in at least four of the five components in the water
security framework.

Some results for overall water security defy perceptions that water security
is tied to economic development (Figure 4.2). For example, it was somewhat
surprising to find countries such as Myanmar, Bhutan, and the Kyrgyz
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Republic among those with the greatest level of overall water security.
Nonetheless, these countries are all quite water endowed, with much of their
water resources generated internally, and with less alteration to the environ -
ment than many other countries. Hence their scores in certain components
may have been sufficient to buoy these countries’ overall water security
scores.

A review of scores in individual water security components reveals results
that could be largely predicted based on levels of economic development,
yet which provide occasional surprises (Figure 4.3). Countries scoring 
highly in water security for basic water needs (e.g., Australia, Georgia,
Malaysia), for example, are among the more developed in the Asia Pacific
or are former Soviet Republics. Countries scoring low in basic water needs
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Figure 4.1 Water security in the Asia-Pacific, ordered from greatest to least water
secure. 

*Indicates that data are available for only four rather than all five components. Countries
with data for less than four components are not displayed.
Source: authors’ calculations.
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Figure 4.2 Overall water security.
Source: authors’ calculations.
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Figure 4.3 Water security for basic needs.
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(e.g., Afghanistan, Cambodia, Fiji) are among the less developed in the
region or are small island states. Overall, the results of this component yield
few surprises and could be said to be largely aligned with expectations.

Results related to water security for agricultural production were some -
what less aligned with levels of economic development (Figure 4.4). Kazakh -
stan, the Kyrgyz Republic, Lao PDR, Myanmar, Turkmenistan, and Vietnam,
for example, were among countries that scored fairly high. The Korean
Republic and Singapore, by contrast, scored fairly low. In the first group of
countries, the results reflect the fact that mean quantities of renewable water
resources per person, and levels of withdrawal per person, are relatively high.
The latter group of countries has low per capita water availability and low
water withdrawal per person. These findings may highlight the potential for
greater agricultural production in the former group of countries.

Results related to water security for the environment (Figure 4.5) indicate
Southeast Asian countries to be relatively strong and Central Asian
countries to be somewhat weak. Countries scoring highly (e.g., Bangladesh,
Cambodia, Lao PDR, Myanmar, Nepal) are concentrated in conditions of
somewhat low levels of water resources development. Countries scoring
lower (e.g., Kazakhstan, Pakistan, Tajikistan, Uzbekistan) are concentrated
in countries with higher levels of water resources development.

Many of the countries scoring highly in water security for risk manage -
ment (e.g., Bhutan, New Zealand, Singapore) would likely be predicted to
be effectively managing water-related risk (Figure 4.6). Other countries such

Very good Good Satisfactory Poor Very poor Insufficient data

Note: Very good (>4), Good (>3 & <=4), Satisfactory (>2 & <=3), Poor (>1 & <=2), Very poor (<= –1)
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Figure 4.4 Water security for agricultural production.
Source: authors’ calculations.



Water Security  49

Very good Good Satisfactory Poor Very poor Insufficient data

Note: Very good (>4), Good (>3 & <=4), Satisfactory (>2 & <=3), Poor (>1 & <=2), Very poor (<=1)

Kazakhstan Mongolia

Australia

New Zealand

Maldives

Sri Lanka

India

Palau

Japan

Solomon Island

Micronesia

PhilippinesBangladesh

Nauru

Kiribati

Marshall Islands

Tuyalu

Samoa

Fiji

Vanuatu

France Cook Island

Tonga

China

Figure 4.5 Water security for the environment.
Source: authors’ calculations.
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Figure 4.6 Water security for risk management.
Source: authors’ calculations.
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as Myanmar, Solomon Islands, and Vanuatu might be less expected to be
effectively managing risk. Scores in some countries may nonetheless appear
deceivingly high due to the impacts of one storage infrastructure on a small
water resources base.9 Countries scoring low in water security for risk
management are mainly those with lower levels of economic development.

A review of the results for the final component in the assessment
framework, water security for independence, yields few surprises (Figure 4.7).
Countries that are islands and located in upstream portions of basins fare
better than downstream nations. Countries such as Australia are more water
secure by virtue of their geographic position, for example, while other coun -
tries such as Bangladesh are fairly insecure due to their heavy reliance on
inflows from upstream countries.

Very good Good Satisfactory Poor Very poor Insufficient data

Note: Very good (>4), Good (>3 & <=4), Satisfactory (>2 & <=3), Poor (>1 & <=2), Very poor (<=1)
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Figure 4.7 Water security for independence.
Source: authors’ calculations.

4.5 Discussion

The chapter identified five key components of water security and translated
them into numerical indicators that were applied across the countries of the
Asia-Pacific. While the results might spur few surprises if presented in
countries due to local knowledge that may already exist on water sector
strengths and weaknesses, a primary benefit of applying a water security
framework such as this is to understand how water secure countries are in
relation to one another. A secondary benefit, if the framework is reapplied
in the future, is monitoring the rate and direction of change in water security
to enable comparison over time.



An important goal of this chapter was identifying some of the key issues
inherent in assessing water security in order to spur more concrete discussion
on what the concept truly means. One fundamental issue raised by the
methods employed relates to assessment of relative v. absolute water security.
As apparent from the methods section above, the approach utilized in this
chapter assessed relative water security. Either approach has advantages and
limitations. Assessment of relative water security allows for the reality that
there is not necessarily an ideal state of water security, and that notions of
good water security will be in constant evolution and implicitly affected by
known reference points (e.g., on-the-ground conditions in countries). Treat -
ing notions of good water security as relative, however, fails to reflect the
potential that the best levels of water security on-the-ground may still be
poor. By contrast, while evaluation of absolute water security enables assess -
ment of countries according to more standardized thresholds, identification
of such thresholds would be no easy task, and might be derived from practical
country-level experiences anyway. Further, use of absolute indicators could
imply existence of an ideal state of water security, which is debatable.

Whichever the case, another issue raised by the approach utilized in 
this chapter relates to the scale at which water security is assessed. While
country-level assessment has advantages in particular for international
donors who typically transfer development funds to national governments,
evaluation of water security conditions at a country level is inconsistent
with the fact that water management is often conducted at a basin level.
In some countries, all basins fall within national borders, such that a country-
level water security score can be considered an aggregation of water security
in specific basins. However, many other countries contain basins that 
cross borders, which may confound results determined at a country level. A
particular country may have insufficient storage on its own territory to
mitigate the effects of rainfall variability, for example, but may be able to
rely on the storage capacities of an upstream neighbor. Similarly, while a
country may generate too little water internally to satisfy its national security
needs, inflow from an upstream country may be sufficiently assured through
an international agreement.

In light of the confounding nature of transboundary waters to country-
level evaluation of water security, one way to improve the assessment
framework is to include the existence and functions of transboundary water
agreements. If a country relies on external waters but such waters are assured
through a treaty, for example, that country is clearly in a more water secure
position than an analogous country without a treaty (Sadoff et al., 2008).
To capture this nuance, the amount of water assured by a provision in an
international treaty could be added to that which a country generates
internally. Although there are cases when treaty provisions are not honored,
implying water assured through a treaty is not as secure as that produced
internally, consideration of transboundary treaties would nonetheless help
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to reflect the reality that water management is often undertaken at the basin
level, even in the context of transboundary waters.

A third issue revealed by our approach relates to the conceptualization
of water security for agricultural production. There was a temptation related
to this component to make use of conventional indicators in agricultural
water management, such as water productivity and related sub-indicators of
efficiency or yield per unit of evapotranspiration (ET). The approach utilized,
however, measured water availability and use that enable agriculture and food
production. While improving water productivity is clearly a way to increase
agricultural production, it is simply one means to improving agricultural
production, and may not be essential. In areas of economic water scarcity,
for example, greater storage may be needed more urgently than improved
productivity (Molden et al., 2010).

A fourth issue raised by our approach relates the inclusion of water storage
behind large dams and exclusion of other forms of storage such as
groundwater and soil moisture. While obviously our analysis would have
been strengthened through inclusion of all forms of storage, national data
for water stored in the ground and soil simply do not exist at this point.
This data constraint may have biased the analysis in favor of those countries
that focus on large dam storage, and have somewhat underestimated the
water security in countries that make more effective use of groundwater and
soil water to buffer themselves from the effects of rainfall variability. 

A final point relates to the aggregation of the five components into 
an overall water security index. While it is possible to perform well in all
components of the assessment framework, it must be acknowledged that 
the performing well in one component of water security may adversely affect
performance of other components, and vice versa. In particular, achieving
higher levels of water security for agricultural production and risk manage -
ment may require higher levels of water storage and use, which may decrease
water available for the environment. Conversely, ensuring ample water for
the environment may constrain scores in water security for agricultural
production and risk management.

4.6 Conclusion

The development and application of the approach utilized in this chapter
has helped clarify the notion of water security, and prompts at least two
overarching suggestions for understanding the meaning and practical utility
of the concept. A first suggestion for reaching more common understand-
ing of the concept is to move beyond qualitative definitions to make a list,
or finite set of criteria, on which water security is determined and evaluated,
as proposed in this chapter. While the criteria utilized in this chapter may
not be perfect, it is believed they mark a valuable step toward arriving at a
clear meaning of the concept. A second suggestion is to clearly distinguish
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between means and ends. Analogous in some ways to the need to disentangle
the common conflation of processes and outcomes in the context of water
governance (see Chapter 3), interpretations of water security could benefit
from clear focus on the end of water security—not the means to water
security, and not the ends beyond water security.

Interestingly, given the current ambiguity associated with the concept, it
seems somewhat ironic that so much importance is attached to it. In high
profile negotiations over a comprehensive agreement on Nile Basin waters,
for example, water security is considered the paramount issue on which
negotiations have been stalled for multiple years (WaterLink, 2010). Yet
why should governments agree to such a concept if a set of its key elements
have not been clearly defined, and hold potential to undermine their posi -
tions if more exhaustively outlined at a subsequent point? Or, conversely,
what is the point to agreeing to a concept that can ultimately be interpreted
in multiple ways in the future?

In terms of the issue posed at the outset of this document about the added
value of introducing the concept of water security, the results are mixed.
While focusing on five priority issues related to water management is im -
portant, the benefits of bundling these five issues under the umbrella of 
a new paradigm are not immediately apparent. On the contrary, with so 
many other new concepts related to water permeating discourse (e.g., IWRM,
water governance, hydropolitics), there may be confusion, skepticism, and
even fatigue associated with the introduction of another new term that is not
concretely defined yet which is supposed to comprise a panacea for water
managers.

There has indeed been a steady flow of new terms in the water manage -
ment community in the last decade that have not been matched by a steady
flow of clear meanings, which has engendered reactions of eye-rolling at the
introduction of additional terms such as water security. Nonetheless, while
the lack of clear widely accepted meanings would appear to be to the terms’
detriment, one simultaneously wonders whether there may be benefits to
leaving the terms vague. If water security is de-shrouded to reveal that it is
simply a package of five criteria that have already been utilized for decades,
for example, the need for packaging may be questioned and the topic may
lose some of its allure.

From a more practical perspective, the need to aggregate the five com -
ponents in the assessment framework into an overall score is questionable,
for at least two reasons. First, presentation of overall scores for countries
above typically triggers—almost immediately—interest in identifying the
specific areas that explain such overall scores. Second, related, presenta-
tion of the overall water security scores provides little direct guidance to
countries, given all the information compressed into one value. Presentation
of results at a component-level, by comparison, provides indications of the
factors explaining water security performance, which in turn provide a basis
for recommendations for improving conditions.
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In sum, the approach utilized in this chapter constitutes an initial 
effort to assess the central components of water security and identify some
of the major issues in undertaking such an exercise. There is clear value in
prioritizing critical areas in water management, and in evaluating and
comparing them. Insofar as water security identifies the priority areas in
water management, therefore, there is added value in the concept. Nonethe -
less, the need to package the set of priority areas under a new label is not
clear, and indeed appears a mixed blessing. On the one hand, use of a well-
chosen heading can spur—and has spurred—interest in an important set of
key areas for water management. On the other hand, use of such a heading
may engender confusion and inflated expectations of the concepts subsumed
beneath it.

Notes
1. This chapter is an updated version of a previously published document: Lautze,

J., and Manthrithilake, H. 2012. Water security: Old concepts, new package,
what value? Natural Resources Forum 36(2): 76–87.

2. We acknowledge that some of these documents feature the language of water
security prominently yet use the term quite loosely.

3. Only Maplecroft (2011), a private sector UK-based consulting firm, has attemp -
ted to quantify “water security risk” as a guide for private sector investment in
countries. Their methods are somewhat untransparent, however, and it is not
clear that they have released formal publications on their work. Vorosmarty 
et al. (2010) have assessed threats to water security rather than water security
per se.

4. As this book goes to press, the United Nations University (2013) has also offered
a “working definition” which appears largely a composite of those presented
here:

The capacity of a population to safeguard sustainable access to adequate
quantities of and acceptable quality water for sustaining livelihoods, human
well-being, and socio-economic development, for ensuring protection
against water-borne pollution and water-related disasters, and for preserving
ecosystems in a climate of peace and political stability.

5. One option to consider water security for energy is to stratify countries according
to the degree to which hydropower contributes to their energy production. In
the subset of countries in which hydropower satisfies a major portion of energy
requirements, a supplemental indicator could be used to gauge water security for
energy.

6. Quantities of biofuel and desalinated water production are two other areas that
may be considered in future analysis. At present, however, their use would appear
too limited in most countries to justify incorporation into an assessment
framework.

7. In other words, percent in excess of environmental water requirement = [RWR
– (environmental water requirement + withdrawn water)]/RWR.

8. Judgment was used to allocate scores of high independence (i.e., 5) to several
island countries for which data in this component were unavailable.

9. In the case of Myanmar, limited data in the component of risk management
may have worked to elevate the overall score of the country as well.
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5 Water Productivity

Jonathan Lautze, Xueliang Cai, and 
Greenwell Matchaya

5.1 Introduction

Improving water productivity (WP), especially in agriculture, is increasingly
recognized as a central challenge in international development (Rockström
et al., 2003; Comprehensive Assessment, 2007; USAID, 2009; CAADP,
2012; UNEP, 2012). The development research community (e.g., Rockström
et al., 2003; CA, 2007) cast prominent attention on the potential for WP
improvements to help unlock the economic potential of developing country
farmers. FAO (2003) stated that improving agricultural water productivity
is an important solution to addressing global water challenges. USAID’s
(2009) Addressing Water Challenges in the Developing World: A Framework 
for Action identified “improving water productivity” as one of its three core
dimensions. The Comprehensive African Agricultural Development Pro -
gram (CAADP) has given attention to the concept as a means to achieving
its broader goals (CAADP, 2012). Finally, UNEP (2012) identi fied WP, as
well as water use efficiency, as important indicators of water use in a green
economy.

Despite widespread focus on improving WP, a growing body of literature
(e.g., Bessembinder et al., 2005; Zoebl, 2006; van Halsema and Vincent,
2012; Ritzema, 2014) has emerged that identifies the concept’s limitations.
Bessembinder et al. (2005) highlight the need to normalize WP values and
consider WP in conjunction with agricultural productivity. Zoebl (2006)
suggests WP is not a useful concept in agricultural water management. Van
Halsema and Vincent (2012) point to issues of scale when applying the WP
indicator. Ritzema (2014) states that WP is not suited to contexts of multiple
use systems with high water reuse and non-depleting water uses. While this
literature marks valuable progress in circumscribing the roles in which WP
should be utilized, it typically presupposes that WP holds value and seeks
to delimit that value.

This chapter makes no such presupposition on WP’s value, but rather
seeks to compare the concept with related concepts of water efficiency1 and
agricultural productivity in order to identify whether the WP perspective
offers benefits over and above those obtained through use of water efficiency



and agricultural productivity. The chapter’s main focus is on WP in agri -
cultural water management. The chapter first reviews the origins of the
concept as an outgrowth of irrigation efficiency (section 5.2). The chapter
next explores the relationship between agricultural productivity and WP to
identify redundancy and complementarity between the two concepts (section
5.3). Tools for improving WP are then sectorally disaggregated (section 5.4),
as a means to revealing the particular value that the WP perspective adds
(section 5.5). Inconsistencies and misconceptions associated with popular
use and interpretation of the term are then explored (section 5.6). Finally,
the chapter concludes (section 5.7) by suggesting that “improving WP”
should not be treated as a central challenge in water management, but the
WP indicator may hold value when employed together with other indicators.

5.2 From Irrigation Efficiency to Water Productivity

Irrigation and Water Efficiency

A search for the origins of WP must start with focus on irrigation efficiency,
out of which the WP concept sprang in the late 1990s. Irrigation efficiency
is an indicator of the relationship between the amount of water required 
for a particular purpose and the amount of water applied for that purpose. It
is measured as the proportion of water applied to a geographic unit such as a
field, scheme, or system that is beneficially consumed (i.e., evapo transpired
for an intended purpose). For example, if 10 cubic meters of water are applied
in an irrigation system and 6 cubic meters are beneficially con sumed by 
crops, irrigation efficiency is 0.6 or 60 percent (Seckler et al., 2003). Import -
antly, irrigation efficiency presumably includes field application efficiency,
conveyance efficiency, and irrigation system efficiency.

Notably, the original indicator of irrigation efficiency was subsequently
adapted to incorporate more nuance. The concepts of net efficiency (Jensen,
1977) and effective efficiency (Keller and Keller, 1995) were indeed created
to attempt to account for potential downstream reuse of return flows of with -
drawn water. In other words, these two indicators reflected an appreciation
of the fact that a portion of the 4 in 10 cubic meters of water not depleted
in the example above may be subsequently put to beneficial use. In effect,
then, these indicators marked a shift from the fraction of water beneficially
consumed divided by water applied, to water beneficially consumed divided by total
water consumed.2

As basin-level approaches gained increasing prominence in the course of
the 1990s, there was a growing desire to apply field-level efficiency concepts
to the level of the river basin. Seckler et al. (2003) created the concept of
basin efficiency as the rate of beneficial depletion of available water resources
at a basin level. Computationally, this figure was calculated by dividing
beneficial ET and beneficial flow to sinks by “available water supply.”3

Despite following intuitive logic in its development, the basin efficiency
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formula is at odds with more fundamental notions of irrigation efficiency,
since it treats the concept as beneficially depleted water divided by all water
in a basin rather than the beneficially depleted water divided by total water
depleted. Anomalies associated with the basin efficiency formula were subse -
quently exposed (Perry, 2007) and, more broadly, anomalies associated with
application of efficiency concepts at different scales received increasing spot -
light (Molden and Sakthivadivel, 1999; Perry et al., 2009).

Importantly, to encompass the range of water-related efficiency indicators
just described (irrigation efficiency, net efficiency, effective efficiency, basin
efficiency), the chapter henceforth adopts the term “water efficiency.”

Water Efficiency and WP

In the context of the challenges of scaling up water efficiency concepts 
to a basin level, the WP concept was introduced. In broad terms, WP was
deemed to be important due to perceptions of growing water scarcity and 
a looming “water crisis” (e.g., Molden, 1997; Cai and Rosegrant, 2003;
Rijsberman, 2006). In response to existing and projected limitations on water
supplies, it was postulated, more crops and other output needed to be
produced with equal or less water. WP therefore measured the quantity of
output per unit of water, which could be applied to assess performance
toward the end of maximizing production derived from water use.

In addition to the broad logic for introducing WP, three sources (Cook
et al., 2004; Turral et al., 2005; CA, 2007) provide more specific reasons
for creating the WP indicator. Cook et al. (2004, p. 1) note that WP
provides “a diagnostic tool to identify low or high water use efficiency in
farming systems or sub-systems” in order to identify “opportunities for water
redistribution within basins.” Turral et al. (2005, p. 2) note that WP
originated “broadly out of frustration with the ambiguity of concepts of
irrigation efficiency.” The Comprehensive Assessment for Water Manage -
ment in Agriculture (2007, p. 283) echoes this sentiment, pointing out that
the efficiency concept “provides only a partial and sometimes misleading
view because it does not indicate the benefits produced.”4 These explanations
allow one to interpolate that major drivers for creation of the WP concept
were i) the desire to explicitly incorporate the benefits or output derived
from water use, and ii) perceived limitations of efficiency indicators. It is
none theless unclear if extensive thought was given to the additional
problems that incorporating production derived from water use might
engender, and whether limitations of efficiency indicators might be over -
come by coupling efficiency results with those of agricultural produc tivity.

Whatever the case, definitions and measures for WP are abundant and
the subject of frequent discussion (Molden, 1997; Kijne et al., 2003; 
FAO, 2003; Perry, 2007). In agriculture, WP has been described as a robust
measure of the ability to convert water into food (Kijne et al., 2003). It has
been expressed more rigorously as the total agricultural benefit per unit of
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water used, and more simply as crop-per-drop (Cook et al., 2004). In rainfed
agriculture, WP has been described as “the efficiency of water use at the
production system or farm level” (Rockström et al., 2003, p. 146). The
concept has also expanded beyond agriculture to include multiple sectors,
for example, according to the following definition: “the ratio of net benefits
from crop, forestry, fishery, livestock, and agriculture systems to the amount
of water required to produce those benefits” (Molden et al., 2010, p. 528).

In irrigated agriculture, WP is typically measured as either i) agriculture
yield divided by water depletion, or ii) agriculture yield divided by water
withdrawal (Kijne et al., 2003). There is increasing use of the former rather
than the latter measure. In rainfed agriculture, WP is alternatively measured
as i) agricultural production divided by rainfall, ii) agricultural production
divided by effective rainfall, or iii) agricultural production divided by
harvested water (Rockström et al., 2003).5 Of these three measures, the one
growing in frequency of use (Cai and Rosegrant, 2003; Igbadun et al., 2005)
may be agricultural production divided by effective rainfall.

Direct comparison of two common indicators of WP with those of water
efficiency (Table 5.1) reinforces the broader nature of WP. While the
denominators of the common measures are identical, the numerators shift
from “water beneficially depleted” to “agricultural production.” Indeed,
whereas water efficiency is focused on variables more directly tied to water
use, the WP indicator includes the quite broad variable of agricultural
production and the specific variable of water use. Notably, there is increasing
use of the indicators shown in the bottom row of Table 5.1—i.e., there is
increasing use of denominators focused on water depleted rather than water
withdrawn. A likely driver for this shift from water withdrawal to depletion
is the desire for an indicator that can be applied equally in irrigated and
rainfed agriculture.6

Notable work has been conducted on livestock and fish WP, as well as
intersectoral WP. Amede et al. (2009), for example, highlighted the benefits
of incorporating livestock production into conventional measures of WP;
Peden et al. (2009) focus mainly on a framework and options for raising
livestock WP. Analogously, Dugan et al. (2006) highlight the fish production
benefits derived from water use, yet fail to calculate any values for fish WP.
Computation of fish WP would appear particularly incongruous with other
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Table 5.1 Water efficiency and water productivity in agricultural water
management

Water efficiency Water productivity

Common measure 1 Water beneficially depleted/ Agricultural production/
water withdrawn water withdrawn

Common measure 2 Water beneficially depleted/ Agricultural production/
total water depleted total water depleted



approaches to WP since fish production does not require water to be with -
drawn or consumed. Finally, Prasad et al. (2006) compared WP across the
agriculture, industry, mining, and water supply service sectors in the Olifants
basin of South Africa; not surprisingly, WP is highest in industry and lowest
in agriculture.

5.3 Agricultural Productivity and Water Productivity:
Redundant or Complementary?

Inadvertently or not, the broadening of water efficiency to WP engendered
some level of duplication with the pre-existing concept of agricultural
productivity. Such duplication or redundancy, in turn, triggers questions
about the necessity of an independent WP concept; for example, were the
benefits of WP already achieved through use of agricultural productivity?
While it may be that scrutiny of the two concepts reveals a complementary
niche for each, it may also be that comparison of agricultural productivity
and WP renders the WP concept moot. This section examines meanings
and measures of agricultural productivity relative to WP, in order to deter -
mine whether the two concepts are complementary, redundant, or some -
where in between.

Agricultural Productivity

Agricultural productivity is defined as the ratio of agricultural product to
agricultural inputs (Zepeda, 2001). The origins of the agricultural produc -
tivity concept can be traced to the 1950s (or earlier) when limitations on
increasing agricultural production through expansion of land use spurred
interest in raising productivity on existing lands (Wiebe et al., 2001).
Initially, the two most common ways to measure agricultural productivity
were i) agricultural production per unit of land, and ii) agricultural pro -
duction per unit of labor. Increasingly, however, the strength of these
indicators has been questioned on the grounds that they capture only a small
portion of the factors explaining agricultural production outcomes.

To account for variation in the explanatory power of productivity
indicators, measures of agricultural productivity are presently divided
according to whether they capture i) only one input that explains agri -
cultural production, ii) all inputs that explain production. Evaluating just
one factor of production with agricultural output—i.e., the former group—
is called partial factor productivity. To calculate partial factor productivity,
total agricultural production is typically divided by just one factor of
production. For example, the weight or value of crops produced can be
summed and divided by the area on which they were cultivated to determine
agricultural productivity relative to the factor of land. Comparing all 
factors of production with agricultural output—i.e., the latter group—is
called total factor productivity (TFP). To calculate TFP, the value of inputs
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to agricultural production are monetized and aggregated, and the value of
total agricultural output is monetized and aggregated. The total value of agri -
cultural output is then divided by aggregate value of inputs. It should be
noted that whereas all inputs are theoretically considered in agricultural TFP
calculations, in practice difficulties associated with monetization of water
limit its inclusion.

While there is increasing use of TFP as a definitive measure of agricultural
productivity, one measure of partial factor productivity that remains 
widely used is production per unit of land. Land productivity—also known
as yield on agriculture lands—is used by policy makers to assess impacts of
new production practices, and to monitor change in agricultural production
to meet national food security needs (Wiebe et al., 2001). Use of the land
productivity concept is nonetheless often qualified by an explanation that
determination of agricultural productivity based on only one factor may be
misleading, as it fails to provide definitive indication of relative contribution
of the multiple factors that explain levels of production. An examination
of variation in levels of agriculture yields per hectare, for example, would
fail to reveal whether that variation is explained by fertilizer, crop selection,
mechanization, water use, or other factors.

Agricultural Productivity and Water Productivity

Agricultural productivity, in a broad sense, is a holistic term that includes
all the factors of production for a given enterprise during a particular 
season under a specified environment. Since water comprises one factor of
agri cul tural production, WP can be considered a measure of partial factor
produc tivity. Notably, variations in water management (deficit-irrigation,
full irrigation, micro-irrigation, level of waterlogging, etc.) may be reflected
in the values of agricultural productivity. However, variation in the quantity
of water used is rarely captured in TFP calculations because water is often
not priced.

Water’s exclusion from TFP calculations suggests that, from a practical
perspective, WP and TFP are complementary. Whereas TFP would seem to
capture the quantities of all inputs to agricultural production except water,
WP incorporates precisely the part of the picture that TFP omits. Further,
just as there is utility in capturing the aggregate value of all non-water inputs
to agricultural production in TFP, there would appear value in understanding
how much water is depleted to achieve agricultural output.

It is worth noting that combining agricultural and water productivity
results has been advocated for, and practically applied. Bessembinder et al.
(2005), for example, called for joint use of agricultural productivity and WP
as a means to identifying the optimum blend of production per hectare and
production per m3 of water. Cai and Sharma (2010) mapped both WP and
yield in the Indo-Gangetic basin to narrow down options for making
agricultural and water productivity improvements. There would therefore
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appear potential to couple these two indicators so as to increase the value
of the information resulting from their use.

At least part of the reason for coupling WP and agricultural productivity
results in these examples is to minimize potential for isolated use of WP to
generate misleading results. Similar to other measures of partial factor
productivity, the fundamental limitation of the WP indicator would appear
to be the number of variables that it omits. As noted, there are numerous
factors (e.g., seeds, fertilizer, labor) that affect agricultural production, and
application of WP in isolation fails to reveal the relative contribution of
the various factors—including water—to WP results. As such, while the WP
concept would appear to hold value as a complement to TFP, WP’s value
when used in isolation is likely to mask numerous important variables.
Factors that explain variation in WP outcomes may indeed have no relation
to water.7

5.4 Water Productivity: Duller Messages and Murkier
Guidance?

At a practical level, the most important test of WP’s added value is whether
use of the concept enables identification of specific solutions, interventions,
or policy options that could not be determined through use of pre-existing
concepts of water efficiency and agricultural productivity. To justify creation
of a new concept, it would indeed help to know that application of that
con cept sheds light on a possible response to a development challenge that
could not otherwise be identified. This section therefore considers whether
interventions that raise WP are distinct from those that improve water
efficiency and agricultural productivity.

To identify measures that improve WP, various sources were reviewed
(Kijne, 2003; Rockström et al., 2003; Cook et al., 2004; Zwart and
Bastiaanssen, 2007; CA, 2007; Perry et al., 2009; van Halsema and Vincent,
2012). There appeared notable disparity in lists of measures, strategies, or
options for improving WP. Molden et al. (2003, p. 11), for example, lists
eleven strategies to improve WP, and only one of these strategies gives
attention to non-water inputs. Van Halsema and Vincent (2012, p. 12), 
by contrast, list three factors that determine WP at a farm level: “(i) crop
type and crop genetics; (ii) nutrient deficiencies in the crop growth cycle
(e.g. nutrient deficiencies equate to lower WP), and (iii) to a lesser extent,
irrigation appli cation and cultivation techniques that affect evaporation.”
To overcome these disparities, a long list of potential measures was created
based on a review of relevant sources. Measures were then consolidated
when there appeared substantial overlap, and grouped into five categories:
crop-related, chemical-related, economy-related, soil-related, water-related.
The resulting list of grouped measures (Table 5.2), while likely not
exhaustive, is believed to reflect most of the major interventions for 
raising WP.

Water Productivity  63



While the list of measures (Table 5.2) may not be exhaustive, it none -
theless likely captures most major tools for raising WP. The list generates
at least two broad findings that are unlikely to be overturned even if addi -
tional measures are identified. A first broad finding is that the majority of
measures for raising WP are not directly related to water. In other words,
there are more options for raising WP through interventions outside the
water sector. While this reality may ultimately highlight the merits of
utilizing integrated approaches that draw on measures from multiple sectors,
it is nonetheless worth noting that the proportion of water sector inter -
ventions that produce improvements in a water sector indicator may be
smaller than expected.

A second broad finding is that no measure uniquely improves WP. In other
words, scrutinizing the list of measures that improve WP suggests that any
measure employed to raise WP can also be classified as either: i) a measure
that improves agricultural productivity, ii) a measure that improves water
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Table 5.2 Measures to improve water productivity

Grouping of measures Measure that improves WP

Crop-related – Crop type
– Crop genetics
– Mechanization

Chemical-related – Herbicide
– Insecticide

Economy-related – Labor increase and strengthening (e.g., extension)
– Market access
– Post-harvest food storage
– Water pricing

Soil-related – Fertilizer
– Compost
– Reduced tillage
– Crop rotation

Water-related – Reducing un-beneficial water depletion 
(i.e., water losses)

– Supplemental irrigation
– Deficit irrigation
– Drip/sprinkler irrigation (micro-irrigation)
– Maintenance and upgrade of water infrastructure
– Irrigation scheduling
– Water harvesting
– Water reuse



efficiency. Interventions related to crop genetics, fertilizer or compost
typically raise production and hence improve agricultural productivity, for
example, and interventions focused on deficit irrigation, irrigation
scheduling, and water reuse improve water efficiency. As such, it would seem
that this list of WP measures could alternatively be labeled as a list of
measures that improve water efficiency and agricultural productivity.

From a policy perspective, it would appear that sharper messages and
more targeted guidance are achieved through use of water efficiency or
agricultural productivity rather than WP. Indeed, whereas use of pre-existing
indicators of water efficiency and agricultural productivity directly reveal
which area needs improvement, use of the WP concept only guides a user
to identifying that improvements in either water efficiency or agricultural
productivity are needed. As a result, as the WP indicator fails to reveal
whether to implement measures to improve agricultural productivity or water
efficiency, no directly actionable recommendations are evident. A review of
WP literature (e.g., Zwart and Bastiaanssen, 2004; Prasad et al., 2006; Zwart
and Bastiaanssen, 2007; Cai et al., 2011) indeed confirms that use of WP
results in isolation typically fail to enable tailored recommendations.8

5.5 The Bottom Line: Is There Value in Water Productivity?

Before reaching an ultimate verdict on the technical value added by WP,
at least three softer benefits of the WP concept merit mention. First, 
WP has likely served a bridge between disciplines and sectors, leading to
more interaction between agriculture and water experts and likely foster-
ing more integrated approaches. Second, the creation of the WP indicator
likely helped raise the profile of water and water management in discussions
of agriculture and food security, possibly owing to a certain allure of the WP
concept. Third, related to the last point, WP has likely helped increase
appreciation for the essential role of water in agricultural production.9 Insofar
as use of WP helps attract more attention to this fact, the concept can be
considered to hold value.

It must nonetheless be acknowledged that agricultural production is
affected by many variables in addition to those found in the simple water
productivity formula. While all indicators are to some extent a simplification
of reality, the list of rather major variables that affect agricultural output
that are not contained in the WP indicator—e.g., quality of seeds, quantity
of fertilizer used, application of insecticide—is quite lengthy. Use of the
water productivity indicator would indeed be tantamount to running a single
variable regression when there may in fact be five or more major variables
affecting an outcome.

Ultimately, determination of WP’s added value may be revealed by
focusing on the roles in which the concept was envisioned to be applied.
Primary roles to which WP was envisioned to be applied can be distilled to
just two:
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1. assessing performance toward the end of maximizing production from
water, which could be used to identify opportunities for raising produc -
tion derived from water in particular locations (i.e., areas where WP is
low);

2. assessing performance toward the end of maximizing production from
water, which could be used as a guide to decision making about allo -
cating water between sectors, schemes, or plots (i.e., re-allocating from
low value uses to high value uses).

The fundamental constraint on use of WP in the first role is that the
indicator fails to provide any specific guidance on how to improve condi -
tions. That is, identification that an area possesses low WP would indeed
indicate that productivity can be improved in that area. However, the course
of action that should be followed to raise WP would not be clear as use of
the WP indicator fails to reveal whether to apply water management meas -
ures or agricultural tools. While one constructive option here may be to
apply the WP indicator together with water efficiency and agricultural
produc tivity indicators in order to identify specific actions that should be
taken, this then begs the question as to whether use of the WP indicator
adds additional value to joint use of water efficiency and agricultural
productivity.

Related to use of WP in the second role, at least two reservations should
be flagged. First, variation in WP across sectors would likely carry few
surprises given the relative GDP of different sectors. Second, use of WP as
guide to decision making about water allocation between one agricultural
scheme and another fails to consider the degree to which such WP levels
are inherent v. the result of any of a myriad of manageable factors affecting
production. If in fact low WP is due to physical constraints, the WP indicator
may serve a useful guide to redirecting the resource to where it is likely to
be more productive. However, if low WP is due to poor decision making
associated with manageable parameters, allocating more water to areas of
higher WP (or directing water to higher valued uses) would seem to dismiss
the potential to raise WP where it is low.

The bottom line is that in the first role identified above, it appears 
that the WP perspective does not add value over and above joint use of 
water efficiency and agricultural productivity. Opportunities to improve WP
in a particular location can indeed be identified with a greater degree of
specificity through joint use of water efficiency and agricultural produc-
tivity indicators. In the second role identified, it appears that the WP
perspective does add value over and above the two other concepts. Joint use
of water efficiency and agricultural productivity do not inform decision
making to the same degree as WP because other indicators fail to enable
comparison of the production benefits associated with use of water in one
location v. another. WP can thus serve as a decision-making guide to water
allocation.
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Substantial qualification should nonetheless be attached to WP’s use in
the second role, as application of the indicator fails to reveal whether WP
results are due to inherent constraints (e.g., a region’s climate) or manageable
parameters. That said, combining use of WP with other indicators would
help to reduce the spectrum of potential contributing factors and increase
our ability to identify specific changes that would positively affect conditions.
The bottom line is that WP holds value when employed as a qualified guide
to gauging production derived from water use in different locations and
sectors, which one should apply in conjunction with other indicators.

5.6 Discussion: Rhetorical Value Meets Practical Limitations

This chapter has compared definitions and indicators of water efficiency,
WP, and agricultural productivity in order to identify the value and benefits
of WP over and above those provided by the other indicators. The chapter’s
main finding is that WP indeed holds value as a decision-making guide 
for allocating water between areas and sectors. The chapter nonetheless also
found that WP should be applied with other indicators, and use of WP as
a standalone indicator holds potential to mislead. Further, the chapter found
that WP does not produce added value when applied in a particular location
such as a scheme or farm; pre-existing indicators of water efficiency and
agricultural productivity may in fact prove more useful at this scale.

These findings are consistent with some literature, and inconsistent with
other literature. Consistent with this chapter’s finding that WP should be
utilized in conjunction with other indicators, for example, Bessembinder 
et al. (2005) call for use of WP in conjunction with agricultural productivity.
Further, consistent with this chapter’s finding that WP is useful at larger
scales in which WP at different locations can be compared, van Halsema
and Vincent (2012) suggest irrigation efficiency may be a more useful
concept at a scheme level and WP at a basin scale. While this chapter deter -
mined the utility of WP to be confined to one role and best used in that
role in conjunction with other indicators, this indicates that the chapter
found WP to in fact hold value. As such, the chapter’s findings are at odds
with those of Zoebl (2006), who suggested the concept holds no value.

A broader issue relates to the implications of our findings on the role for
WP. As just noted, the chapter determined WP to be an indicator suited
to one role, in which the concept should not be applied as a standalone
measure. This tightly confined use of WP likely conflicts with some other
notable documents (e.g., Giordano et al., 2006; Rijsberman, 2006), which
declare WP as a “paradigm” or “framework” for water resources management.
The delimited role identified in the chapter is also at odds with policy and
development documents (e.g., FAO, 2003; USAID, 2009) that treat improv -
ing WP as a central challenge in water resources management.

The delimited role nonetheless appears consistent with original use of
the indicator. It should be recalled that WP originated as a concept (Molden,
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1997) specific to irrigation, spurred largely by limitations of irrigation effi -
ciency. In this original role, WP was intended to be applied as one indicator
with other indicators as part of a broader water accounting framework. Yet,
as the concept’s use increased, it appeared to assume a more “paradigmatic”
status, through which it was treated as a central goal for water resources
management and exported to areas beyond irrigation (e.g., rainfed
agriculture, livestock, fish).

Ultimately, the gap between WP’s rhetorical promise and practical
limitations may in fact be responsible for the concept’s misuse, as WP’s
catchiness may have fostered a desire to inject the theoretical term into
practical roles and discussions that went beyond the term’s capacities and
resulted in increased confusion. The desire to insert WP into pre-existing
discussions is apparent, for example, from exploring the extent to which the
concepts of water efficiency and WP have been used interchangeably in
many journal articles (see Perry, 2007, p. 375 for a review), and an
examination of the extent to which the language of efficiency is incorporated
into descriptions of WP (e.g., Rockström et al., 2003; Cook et al., 2004—
see section 5.2). While these examples may reflect a desire to repackage old
discussions of water efficiency into the new framework of WP, dangers arise
because differences between water efficiency and WP are more than
semantic. It is indeed possible for water efficiency to decrease and WP to
increase, or vice versa. For example, water could be used more wastefully
leading to more un-beneficial ET and lower efficiency, yet WP could still
improve so long as efficiency decreases are more than offset through agri -
cultural production increases.10 Conversely, efficiency could improve through
reductions in water losses, yet WP could decrease as a result of lower
agricultural production levels resulting from, for example, the diminishing
returns of fertilizer use.

There may have also been a desire to subsume old water management
techniques under the heading of the new WP framework, yet it’s worth
noting that some of these measures do not necessarily improve WP. For
example, use of measures such as supplemental irrigation and ridge tillage
have been associated with WP improvements, and to be clear, often do 
lead to WP improvements. Nonetheless, adding more water to produce more
crops—i.e., more drops, more crops—does not necessarily mean that the
ratio of water to agriculture production improves. As such, one cannot
definitively say that implementation of either of these activities raises WP.
On the contrary, one can say that implementing these activities generally
raises agricultural production and productivity.

5.7 Conclusion: From Central Paradigm back to Routine
Indicator

This chapter has applied critical analysis to the meaning and value added
of WP. The chapter’s findings suggest WP should not be treated as a central
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paradigm but rather should be treated as one indicator that is best employed
as one among many; for example, as evidenced in Karimi et al.’s (2013)
Water Accounting Plus framework. The chapter has nonetheless postulated
that the WP concept may carry rhetorical or strategic value to the water
com munity. That is, as food security and agriculture rose to prominence in
the international development community, with important implications for
allocation of funding, a water paradigm that carried obvious linkages to food
and agriculture may have served a strategic purpose. Finally, the chapter has
questioned whether the profile-raising value of WP may have engendered
increased use of the concept in practical roles to which it was not suited,
leading to confusion.

One issue yet to receive focus is the short- v. long-term impact of WP’s
rhetorical use. Indeed, while promotion of WP may have helped to attract
attention and funding to the water sector in the short term, the extent to
which WP’s prominence in development circles will continue to attract such
attention and funding in the longer term remains to be determined. Clearly,
an indicator such as WP that reflects the performance of multiple sectors
holds potential to capture the effects of integrated approaches so widely
promoted—which is a positive. It nonetheless appears that most measures
to improve WP lie outside the water sector. As such, it may be that WP
raises the profile of the water sector, only to direct development practitioners
to a suite of interventions of which the majority are outside the water sector.
Such an outcome would appear inconsistent with one of the concept’s
purposes of promoting the water sector in development discussions.

Ultimately, the role for water management is to enable rather than
determine agricultural production. As such, the ideal water sector paradigm
might seek to capture how effectively provision of water matches crop water
requirements, as a means to enabling agricultural production and productivity.
Notably, however, wide variation in agricultural productivity is likely to be
evidenced in areas of equally effective provision of water—owing to the
multitude of non-water factors that contribute to agricultural production.
While production outcomes associated with allocation of water may be used
as indicative input to decision making in planning models, there would
appear a simultaneous need to separate indicators in the water sector from
those capturing agricultural production outcomes, and a need to inde -
pendently measure the effectiveness of water resources management.

Before concluding, it is worth noting that there is no perfect indicator
here, and that indicators of both efficiency and productivity fail to capture
a rather major practical benchmark of water management effectiveness: the
degree to which water is provided where and when it is needed. Further,
achieving high levels of water efficiency and productivity may be a some-
what academic pursuit in regions where water is abundant. A useful alterna -
tive to efficiency and productivity might therefore focus on measuring the
degree to which water supply matches water demand at a frequency that is
relevant to the requirements of productive water uses. Ultimately, ensuring
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that provision of water is matched to the uses of that water may be more
critical to food security, economic growth, and other objectives with which
water efficiency and WP are often associated.

In conclusion, this chapter has determined that use of the WP indicator
may be best confined to a water allocation guidance tool that is employed in
conjunction with a broader set of indicators. In addition, promoting a target
of improving WP as a paradigm central to water management is some what
dubious, given the fact that the WP indicator reflects the performance of so
many variables that are extraneous to water management. These conclusions
strongly suggest that the WP concept should be demoted from the status of
“paradigm” or “framework,” back to a status of simple “indicator.”

Notes
1. Please note that use of the word water efficiency is formally defined below to

encompass water-related efficiency concepts such as: irrigation efficiency, net
efficiency, effective efficiency, basin efficiency.

2. Please note that “consumption” and “depletion” are used interchangeably in this
chapter.

3. Basin Efficiency = (Eb+Sb)/AWS. That is, basin efficiency is equal to beneficial
evaporation plus beneficial flow to sinks divided by annual water supply.

4. Identical text can be found in Molden et al. (2010).
5. It is worth noting here that WP’s increasing application to areas of rainfed

agriculture may have led the concept to assimilate elements of water use
efficiency as used in agronomy. Agronomic water use efficiency—measured as
kg of biomass produced per m3 of water used—is focused on the ability of a plant
to achieve maximum yield with minimal water used. While it is notable that
water use efficiency incorporates the benefits of water use similar to WP, there
nonetheless remain two fundamental differences between water use efficiency in
agronomy and water sector concepts of WP and water efficiency. First, water use
in agronomic calculations is generally in the sense of water used by a plant (i.e.,
transpired) rather than total water used (i.e., depleted—lost to a system). Second,
the scales at which the agronomic and water-sector concepts are intended to be
applied vary substantially: water use efficiency at a plant level, WP and water
efficiency at much broader levels.

6. An additional, more practical reason for the increased use of water depletion
may be the abundance of remote sensing and GIS tools available to estimate
the total water depletion at a basin scale.

7. While this last point may seem mundane to some, it is worth pointing out that
certain sources seem to focus heavily on water sector options for improving WP
(e.g., Molden et al. 2003, page 11—discussed below).

8. While studies that were reviewed do provide recommendations, such recom -
mendations are typically cookie-cutter in nature, because variations in WP scores
rarely provide specific guidance on how to improve productivity in a particular
location.

9. Indeed, while those in the water sector may treat water as an obvious part of
agriculture development and food security efforts, there may be a tendency in
other sectors to take water for granted and place more emphasis on other factors
that contribute to agriculture production.

10. For example, through use of improved seeds and fertilizer.
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6 Virtual Water and Water
Footprints

Dennis Wichelns

6.1 Introduction

The term “virtual water” began appearing in the water resources literature
in the mid 1990s. Professor Tony Allan chose the term to describe the water
used to produce crops traded in international markets (Allan, 1996, 2002).
The notion of “water footprints” appeared a bit later, put forth originally in
conjunction with the discussion of the amounts of virtual water “flowing”
between countries as they trade goods and services (Hoekstra and Hung,
2002; Chapagain et al., 2006a, 2006b). In recent years, many authors have
calculated the volumes of virtual water and water footprints within countries
(Ma et al., 2006; Guan and Hubacek, 2007), while others have calculated
both “internal” and “external” water footprints, suggesting that these meas -
ures distinguish between how much virtual water is used within a country
from the volume involved in international trade (Hoekstra and Chapagain,
2007a, 2007b). Green, blue, and grey water footprints also have been des -
cribed (Van Oel et al., 2009; Fader et al., 2011). Green water footprints 
are intended to represent the soil moisture from rainfall that is used for 
crop production, while blue water footprints describe irrigation with surface
water or groundwater (Mekonnen and Hoekstra, 2010). The grey water
footprint is offered as an estimate of the volume of water required to dilute
pollutants to meet the prevailing ambient water quality standards (Hoekstra,
2013: 11).

The original promoters of virtual water and water footprints might have
intended to use the terms to increase awareness and bring helpful attention
to important water resource issues. Indeed, the terms likely have succeeded
in promoting greater awareness of the role of water in the production of
many goods and services. In water scarce areas, such an outcome is certainly
desirable. Yet, even in water scarce areas, water is just one of many inputs.
In many settings, producers, consumers, and public officials must consider
issues that extend beyond water, when crafting public policies or when
determining optimal production and consumption strategies.

The goal of this chapter is to determine whether the notions of virtual
water and water footprints are policy relevant. The popularity of the notions



is evident in the large number of articles published in the popular press and
in professional journals. In addition, several large companies, including
Coca-Cola, Pepsico, SABMiller, and Unilever, have begun calculating 
the water footprints of selected products (SABMiller and WWF-UK, 2009;
Hoekstra, 2013). Discussions of water footprints are appearing also in
national legislatures and policy documents.

In April 2012, the Dutch House of Representatives considered a motion
requesting

that the government, in its economic policy, aim for Dutch companies
to present their water footprint and to reduce this footprint in those
areas that are affected by water scarcity, for example, by actively address -
ing companies that receive support through export guarantees or innova -
tion subsidies to reduce their water footprints, and to request that these
companies calculate their water footprints and include this information
in their sustainability reports.

(Witmer and Cleij, 2012, p. 40)

Furthermore, the motion requested “that the government, on an EU level,
during the reform of the Common Agricultural Policy, will aim to reduce
the subsidising of water-intensive agriculture in areas of water scarcity, such
as cotton production in Mediterranean countries” (Witmer and Cleij, 2012,
p. 40). In Spain, the Ministry of the Environment requires the use of water
footprints in developing river basin plans, in efforts to achieve compliance
with the European Union’s Water Framework Directive (Aldaya et al.,
2010).

In April 2013, the Ministry of Water Resources convened a special
seminar on water footprints in New Delhi as part of India Water Week.
Several statements regarding water footprints appear in India’s new National
Water Policy (Government of India, 2012). The statements, which appear
in the section pertaining to demand management and water use efficiency,
are the following:

1. A system to evolve benchmarks for water uses for different purposes;
i.e., water footprints, and water auditing should be developed to promote
and incentivize efficient use of water.

2. The project appraisal and environment impact assessment for water uses,
particularly for industrial projects, should, inter-alia, include the analysis
of the water footprints.

Promoted originally as attractive indicators of the amount of water required
to produce a good or service, it appears water footprints are now being
considered and adopted as policy tools in national legislation. These
examples from India, Spain, and the Netherlands might be the first of many
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cases in which governments consider requiring firms to measure and reduce
their water footprints. It seems fair to ask whether such an approach is
supported by an underlying conceptual framework or a persuasive empirical
record.

6.2 Literature Review

We examine three issues in a review of literature pertaining to virtual water
and water footprints: 1) the pertinence of virtual water in discussions
regarding international trade, 2) the notion of saving or losing water by
organizing production patterns according to water footprints, and 3) the
importance of considering the livelihood impacts of water resource policies,
particularly in developing countries.

Regarding International Trade

Several authors of the literature on virtual water suggest or imply that 
water-short countries should import water-intensive products from coun-
tries with larger water endowments, and that water-abundant countries
should focus on producing and exporting water-intensive goods (Yang and
Zehnder, 2002; Hoekstra and Hung, 2005; Velázquez, 2007; Chapagain 
and Hoekstra, 2008). Some of the authors promoting this perspective 
suggest that the notion of virtual water is analogous to the economic concept
of comparative advan tage, which is a core principle of international trade
theory (Allan 2003; Lant, 2003). However, that perspective is not fully
accurate.

Comparative advantage requires consideration of the opportunity costs
of production for each trading partner. The opportunity costs will depend
on resource endowments and the technology of production in each setting.
The virtual water perspective considers only a country’s water endowment.
There is no consideration of technology and no comparison of the oppor -
tunity costs of production within or across trading partners. At its best,
virtual water might be described as an application of absolute advantage,
which is not a sufficient criterion for determining optimal trading strategies
(Wichelns, 2004; Wichelns 2011). Absolute advantage neglects considera -
tion of opportunity costs, which must be considered to identify the strategy
that maximizes the sum of net benefits from international trade.

The suggestion that water-short countries should not produce and export
water-intensive crops could encourage policy makers to promote production
and trade strategies that reduce social net benefits. Several water-short coun -
tries, such as Israel, Jordan, and Australia, produce and trade  water-intensive
products. Those activities generate substantial revenues for the producers,
while enhancing the portfolio of goods and services available in both the
exporting and importing countries.
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The conceptual inadequacy of the virtual water perspective is reinforced
by empirical analysis of international trade. Kumar and Singh (2005) analyze
data describing water availability and international trade for 146 countries.
They find that observed trading patterns are not consistent with those
predicted by the virtual water perspective. Some water-abundant countries
import food, while some water-scarce countries export food. The authors
conclude that relative land endowments, access to arable land, and a water
storage in the soil profile would be more helpful than water endowments in
explaining the observed variation in international trade patterns.

De Fraiture et al. (2004) also find limited empirical support for the virtual
water perspective. They caution against inferring that international trade
will be helpful in mitigating global water scarcity, in part, because political
and economic considerations can have greater influence than water scarcity
in determining national trading strategies. Lopez-Gunn and Llamas (2008)
also observe that international trade in food is driven largely by factors other
than water.

Wichelns (2010a, 2010b) examines the estimates of virtual water imports
and exports prepared for 77 countries by Chapagain and Hoekstra (2004).
He concludes that the amount of arable land per person in a country is a
better descriptor of international trade patterns than is the amount of
renewable water resources available, per person or per hectare. A country’s
arable land endowment is not a sufficient predictor of trade patterns, but it
is a better descriptor of trade in crop and livestock products than a country’s
water endowment.

Ramirez-Vallejo and Rogers (2004) examine empirical information in the
context of the Heckscher-Ohlin model of international trade, which suggests
that countries trade on the basis of the relative abundance of factors of pro -
duction. This is a somewhat less restrictive criterion than the theory of
comparative advantage. Yet the authors find little empirical support for
predicting trade patterns on the basis of national water endowments. Rather,
they find that variables such as average income, population, irrigated area,
and the amount of value added in agriculture are helpful in explaining the
observed variation in the trading of agricultural commodities.

Guan and Hubacek (2007) examine the current movement of agricul-
tural products between northern and southern China, with the goal of 
deter mining whether or not the data reflect implementation of a virtual
water trading strategy. Their null hypothesis is that water-scarce northern
China will import water-intensive goods and export goods requiring less
water in production, while water-abundant southern China will operate in
reverse. The data do not support the “virtual water hypothesis.” Water-
scarce north ern China exports many water-intensive goods and services,
while water-abundant southern China imports water-intensive goods. The
authors suggest that several factors influencing agricultural input use and
productivity—water price, labor availability, and soil and land quality—
might be responsible for the results they have observed. These factors are
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among those that help determine opportunity costs and comparative
advantages.

In several of the examples cited here, the authors suggest that arable 
land, irrigated area, or water stored in the soil profile is a more helpful
indicator of international trading strategies than is the estimate of a coun-
try’s water endowment. Water resources are certainly considered when
preparing estimates of arable land, irrigated area, and soil moisture. Yet by
including other factors, such as land and irrigation investments, the altern -
ative indi cators have greater predictive usefulness than estimates of water
endowments.

Regarding Water Savings and Losses

Several authors have suggested that countries save or lose water when they
engage in international trade. The authors obtain their estimates of water
savings and losses by examining water requirements in the importing and
exporting countries (Yang et al., 2006; Hoekstra and Chapagain, 2007b;
Yang and Zehnder, 2007). For example, a country importing crops that
would have required 12 million ML of water to produce, domestically, is
considered to have saved those 12 million ML. If the exporting country used
only 10 million ML to produce the crops, then the global water savings
attributed to the transaction is considered to be 2 million ML. Some authors
sum their estimates of such water savings to determine the volume of water
saved globally through the merits of “virtual water trade” (Oki and Kanae,
2004).

Several examples illustrate the estimation of water savings and losses by
authors using the notion of virtual water as an analytical framework.
Mekonnen and Hoekstra (2010) suggest that by importing 960,000 tons of
wheat each year from France, Morocco saves the 3.77 million ML of water
that would be required to produce the wheat domestically. As the wheat is
produced in France using only 0.6 million ML per year, the annual wheat
trade between Morocco and France contributes 3.17 million ML to the
authors’ estimate of annual global water savings due to international trade
in wheat products, which is 65 million ML.

Chapagain et al. (2006a) provide similar analysis of virtual water volumes
moving between countries as they engage in the trade of agricultural
products. They suggest, for example, that Mexico saves 1.06 million ML of
water annually by importing 488,000 tons of husked rice from the United
States. The estimated global water savings due to the trade is 0.44 million
ML, as the amount of water required to produce the rice in the United
States is 0.62 million ML.

The authors consider also that countries lose water when they export
crops. For example, Thailand is said to lose an estimated 2.27 million ML
of water each year through its export of 416,000 tons of broken rice to
Indonesia (Chapagain et al., 2006a). There is an estimated global water loss
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of 0.98 million ML, as well, given that the rice could have been produced
in Indonesia using only 1.29 million ML. The estimates of virtual water
content underlying this result are 5.455 ML per ton of rice in Thailand and
3.103 ML per ton in Indonesia.

Some of the estimated national savings and losses of water are quite large.
Japan is said to save an estimated 94 million ML per year through its imports
of crop and livestock products, while Mexico saves an estimated 65 million
ML per year, and Algeria saves an estimated 45 million ML per year. A
careful review of resource endowments and production opportunities in
selected countries reveals that such estimates of water savings and losses are
not appropriate.

In many countries, the amount of arable land is limited, while water is
relatively abundant. It seems reasonable to ask if such countries actually
save water when they import agricultural products. The industrialized coun -
tries of Japan, Germany, and the Republic of Korea are among those with
the largest estimated annual net water savings made possible through
international trade in agricultural products (Chapagain et al., 2006a). In
each of those countries, there are fewer than 0.15 ha of arable land per
person, and less than 5 percent of the population is involved in agriculture
(Table 6.1). Each country has a viable agricultural sector, but the sector
accounts for no more than 3 percent of gross domestic product. None of the
countries has been self-sufficient in food production for many years. Each
of the countries has comparative advantages in other productive activities.

Similar observations can be made regarding other countries for which the
estimated net water savings due to international trade are quite large. All
of the countries in Table 6.1, except Russia, have fewer than 0.30 ha of
arable land per person. In six of the countries, the proportion of residents
involved in agriculture is smaller than 10 percent. In each of those countries,
agriculture accounts for less than 5 percent of gross domestic product. In
such settings, it seems misplaced to consider that countries save water
through their imports of food and other products.

It is not correct, for example, to suggest that Japan saves 94 million ML
of water each year. Japan does not have the option of using that volume of
water to expand crop and livestock production. Japan and many other
industrialized countries must import crop and livestock products to sustain
economic development. With small amounts of arable land per person, and
largely urbanized societies, Japan and other countries will not be return-
ing to their agrarian past. Hence, it is not helpful to suggest that Japan 
saves water by engaging in international trade. The numerical estimate of
Japan’s water savings is not meaningful and it has no policy relevance.

Considering Impacts on Livelihoods

In addition to lacking consideration of opportunity costs, the virtual water
perspective neglects consideration of the impacts of production and trade
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on the livelihoods of individuals and the vibrancy of communities engaged
in agriculture. Proposals to rearrange international trading patterns based
only on consideration of water endowments could impose substantial harm
on individuals who earn their living in agriculture, particularly in poor
countries. For example, suppose an international trade authority proposed
that Vietnam reduce or eliminate rice exports, because rice production has
a large water footprint. Such a program could reduce livelihood opportunities
substantially for thousands of farm families, even though Vietnam might
have a comparative advantage in rice production. In addition, such a
proposal would not account for the appropriateness of producing rice in
monsoonal climates or the very long history and cultural attachment to rice
production in Vietnam.

6.3 Inadequacies of Water Footprints

This brief review of literature suggests that the notions of virtual water and
water footprints might lack the information and insight required to
determine optimal strategies regarding water resources. The notions might
be helpful in raising awareness, but they might not be policy relevant.
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Table 6.1 Estimated annual national net water savings, arable land, and the
importance of agriculture in selected countries

Country Net Arable Agriculture Proportion 
national land as proportion of population
water per person of gross involved in 
savings (ha per domestic agriculture
(bcm/year) person) product (%)

(%)

Japan 94 0.03 1.6 2.1
Mexico 65 0.22 4.3 17.9
Italy 59 0.12 1.8 3.3
China 56 0.10 10.6 60.8
Algeria 45 0.21 8.4 20.9
Russia 41 0.87 4.7 8.0
Iran 37 0.22 10.9 21.5
Germany 34 0.14 0.9 1.6
Republic of Korea 34 0.03 3.0 4.6
United Kingdom 33 0.10 1.2 1.5
Morocco 27 0.25 19.2 25.8

Notes: bcm, billions of cubic meters; ha, hectares.
Sources: The list of countries and the estimates of net national water savings resulting from
international trade in agricultural products during 1997 to 2001 are from Chapagain et al.
(2006a). Estimates of arable land per person and the proportion of the population involved
in agriculture are from the Food and Agriculture Organization of the United Nations (FAO)
(http://faostat.fao.org). Estimates of agriculture as a proportion of gross domestic product are
from the Central Intelligence Agency’s (CIA) World Factbook (www.cia.gov).



Too Little Information

Estimates of water footprints contain too little information to enhance
understanding of water resource issues and inform policy makers of the best
ways to improve the social net benefits of water allocation and use. Water
footprints consider only the volume of water used in production, without
considering other inputs or the opportunity costs of any inputs. Comparing
two water footprints, across locations or over time, is not a helpful exercise
if one does not have information regarding water scarcity conditions, the
opportunity costs of water, and water’s role in supporting livelihoods in the
settings in which the water footprints are calculated.

Water volumes, alone, are not sufficient indicators of the benefits or costs
of water use in any setting. The benefits and costs are functions of complex
interactions involving physical, economic, and social dimensions that are
not contained or reflected in estimates of water footprints. The water
footprint of coffee might be 140ml per cup, but that estimate provides no
insight regarding the opportunity cost of water in the region where the coffee
is produced, or the beneficial livelihood impacts for those people engaged
in coffee production. Coffee produced in a country with abundant water
might place no pressure on water supplies. Yet the activity might provide
livelihoods to many residents with few alternative sources of employment.
Such aspects of water allocation decisions are not reflected in estimates of
water footprints.

It is critical to consider both the opportunity cost of water (its scarcity
value) and the opportunity cost of labor (alternative employment options)
when evaluating policies that impact the allocation and use of water and
other productive inputs. The water footprint of a coconut might be 2,500
liters per kg, but most coconuts are produced in humid regions with abundant
water supplies. In such settings, the opportunity cost of much of the water
used in coconut production is not substantial, and local residents might have
few alternatives to earning their livelihoods in the production and processing
of coconuts.

Water footprints lack also any information regarding the incremental
benefits made possible by allocating and using water in production and
consumption activities. Water is an essential ingredient of both the supply
and demand components of local and international food markets. It is not
possible to determine optimal water allocations or the best possible uses of
water in society by considering only the volumes of water consumed in
selected activities.

Inappropriate International Linkages

Several authors have calculated the internal and external water footprints
of selected countries (Hoekstra and Chapagain, 2007b; Fader et al., 2011).
Some of those authors suggest that consumers of one country are partly
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responsible for water resource issues in another country, as their external
water footprints place demand pressures on distant water resources. Van Oel
et al. (2009) report that 89 percent of the estimated per capita water foot -
print for the Netherlands is external. Furthermore, they suggest that the
external water footprint imposes negative impacts on the countries from
which the Dutch import goods and services. Chapagain et al. (2006b) suggest
that Japan’s demand for cotton exerts pressure on water resources in Pak-
istan, China, and India. The authors suggest also that European consumers,
through their consumption of cotton products, contribute indirectly to about
20 percent of the desiccation of the Aral Sea. In aggregate, about “half of
the water problems in the world related to cotton growth and processing
can be attributed to foreign demand for cotton products” (p. 201).

The suggestion that producers and consumers in one country are
responsible for resource issues in another is compelling in many cases, but
is not always helpful. Consumers in faraway lands certainly can influence
production and marketing decisions through their collective action as
purchasers of imported goods and services. Successful examples of consumer
campaigns include efforts to boycott products assembled in factories using
child labor, and efforts to end the harvest of tuna using methods that are
harmful to dolphins (Teisl et al., 2002; Brown, 2005; Basu et al., 2006; Baird
and Quastel, 2011). In each of those cases, consumers have determined
appropriately that any amount of child labor is undesirable, and that the
loss of any dolphin is unacceptable. Such clear-cut criteria do not apply in
the case of water use.

The water footprint of coconut production in Sri Lanka or Malaysia
should not cause concern among consumers of canned coconut meat in New
York. There is sufficient water in Sri Lanka and Malaysia in most seasons
to support coconut production, without harming the environment or restrict -
ing the supply of water available to other users. The opportunity cost of
water in many areas of very humid countries is considerably small in most
seasons. A global campaign to reduce water footprints would not be sensible,
given that water use in many settings is not causing environmental harm
or limiting economic development.

Incorrect Analogy to Carbon and Ecological Footprints

Many readers of the literature might develop the impression that water
footprints are analogous to ecological and carbon footprints (Hoekstra, 2009;
Ercin and Hoekstra, 2012). Yet the technical characteristics of each of the
footprints are quite different. Ecological and carbon footprints attempt to
describe the global implications of human activities in any local or regional
setting (Moran et al. 2008; Kitzes and Wackernagel 2009; Peters 2010).
Economic activities place demands on the planet’s productive and assimila -
tive capacity (ecological footprints), while releasing waste materials that
modify and degrade the atmosphere (carbon footprints). In each case, the
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activities generate impacts that can be summed and compared in a meaning -
ful fashion across locations. For example, the carbon emitted by automobiles
in New York has the same impact on the atmosphere as the carbon emitted
by cars in Beijing. Hence, there is some logic in comparing and summing
the carbon footprints of residents in those cities.

In concept, a reduction in carbon footprints in any country will reduce
global pressure on the atmosphere. The same is not true of water footprints.
Residents of humid countries generally will have larger water footprints than
residents of arid countries. Yet those large water footprints might be sus -
tainable and they might impose no harm on the environment. There might
be no social gain from efforts to reduce water footprints in such settings.
Rather, there might be social losses if such efforts reduce the demand for
goods and services in industries that provide gainful employment, enhance
livelihoods, or contribute to international trade.

Ecological footprints are intended to represent the demands that pro -
duction and consumption activities place on the earth’s potential to provide
productive resources and assimilate waste materials. Such footprints can 
be calculated for individuals, communities, and countries. The notion moti -
vating ecological footprint analysis is that the earth’s productive potential
is limited. If the demands we place on the earth through our production
and consumption activities exceed the planet’s productive and assimilative
capacity, sustainability will not be achieved.

Those who estimate ecological footprints express the demands and supply
of productive and assimilative capacity in terms of a common metric, to
enable summation and comparison of footprints across regions and countries
(Wackernagel, 2009). In particular, the authors express demand and supply
in terms of “global hectares,” which are intended to reflect the areas of land
and sea required to support production and consumption activities, and
assimilate waste materials. The estimates of global hectares are used for two
purposes: 1) to compare the demand pressures imposed by individuals and
communities, and 2) to determine whether the sum of demand pressures is
greater than the available supply of the earth’s productive and assimilative
capacity.

Some authors (Moran et al., 2008; Kestemont et al., 2011) have shown
that the ecological footprints of residents in wealthy countries exceed those
of residents in poor countries. Others (Ewing et al., 2010) have shown that
the sum of ecological footprints has been greater than earth’s capacity since
the middle 1970s, and the gap between the aggregate ecological foot-
print and the earth’s capacity is increasing. Such analyses, if accurate and 
appro priate, would provide guidance regarding whether or not the global
popu lation is using the earth’s resources in a sustainable manner. In addi-
tion, the analysis enables one to examine opportunities for reducing global
demand pressures, by noting regions in which the ecological footprints are
substantially higher than productive capacity. In theory, reducing an eco -
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logical footprint in one region will contribute to reducing the sum of
ecological footprints across regions or countries.

The comparison and summary properties of ecological footprints are not
shared by water footprints for two reasons: 1) water scarcity issues, which
involve the imbalance between supply and demand, are regional and local,
rather than international, and 2) estimates of water footprints contain no
information describing impacts. We should expect the water footprints of
consumption and production activities in humid countries to be larger than
those in arid countries, all else equal. The water footprint of banana pro -
duction likely will be greater in Sri Lanka than in Jordan. Yet the larger
water footprint might not be causing any harm to local residents or the
international community. Reducing the water footprints of residents in
Amsterdam will not enhance water availability in Amman. Comparing or
summing the water footprints of consumers in both cities will not provide
policy relevant information. The notion of a water footprint is too narrow
in scope to guide public officials toward appropriate policy decisions.

Inadequate Consideration of Costs and Benefits

Reducing water footprints is not always a desirable objective. Water
footprints consider only water volumes, which are not sufficient indicators
of the benefits or costs of water use in any setting. The benefits and costs
are functions of complex interactions involving physical, economic, and
social dimensions that are not contained or reflected in estimates of water
footprints. For example, in many humid areas, where water is not scarce,
the costs of reducing water deliveries to agriculture might exceed the
benefits. The expenditures on labor, energy, and equipment required to
improve irrigation management might exceed the incremental value of
reducing irrigation diversions, particularly in regions where surface runoff
and deep percolation are useful resources.

Public officials must consider an array of questions pertaining to incre -
mental benefits and costs, before reaching decisions regarding water resource
allocation and use. For example, they must consider the scarcity costs 
and environmental implications of non-water inputs in the production of
goods and services. Examples include land, labor, energy, fertilizer, pesticides,
and machinery. Farm-level decisions regarding water use on farms can
influence the amounts of these other inputs used, as well. Efforts to reduce
water footprints can result in greater use of electricity or farm machinery,
thus increas ing any off-farm impacts associated with those inputs.

One must also consider very carefully the inherent water scarcity
conditions. As noted above, it might be unwise to reduce water footprints
in areas where water is not scarce, particularly if there are notable direct or
indirect costs involved in such efforts. Water and other natural resources
are critical inputs in household production functions for much of humanity.
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Efforts to reduce water footprints regionally or as part of a national strategy,
can have severe implications on employment opportunities in agriculture
and on household level access to water resources. Public officials must
consider the potential impacts of their initiatives regarding water resources
on food security and livelihoods, rather than simply attempting to reduce a
volumetric measure of water use.

In addition to its role as a critical input in crop production, water is
required for many activities at the household level (Smits et al., 2010; van
Koppen and Smits, 2010). In many areas of developing countries, individual
and household water footprints are too small, rather than too large. Yet the
manner in which water footprints generally are presented in the literature
seems to suggest that smaller is better, and that consumers and producers
everywhere should endeavor to reduce their water footprints. A broader view
that embraces the many benefits of water use would be more appropriate
and more helpful, particularly when discussing public policies.

6.4 Summing Up

The notions of virtual water and water footprints have gained the attention
of many water resource scholars and practitioners. Many authors apply these
notions as analytical tools to describe international trade or to propose that
consumers in one region are responsible for environmental issues in another.
Yet there is no conceptual model or an established empirical basis supporting
such analysis. Virtual water and water footprints can raise awareness of water
issues by describing the amounts of water required to produce goods and
services, but the notions do not contain sufficient information to determine
smart public policies or to guide discussions regarding international trade.

The notion of virtual water has been taken far beyond the intent for
which it was first introduced—that of describing the amount of water
required to produce the food imported by countries with limited arable land.
Indeed, many arid countries must import large amounts of grain and other
commodities to ensure food security. Yet the importing countries have no
reason to inquire about the amount of water used to produce the grain they
purchase. They have reason to care very much about price, availability, and
quality, but little reason to be concerned with the amount of water used in
production. Thus, the notion of virtual water is not helpful in describing
how international trade actually takes place. Nor should the notion be used
to design alternative trading patterns. There are many additional issues to
consider when crafting policy measures.

Water footprints also fall short as an analytical construct. They lack
sufficient information to support policy analysis or to determine optimal
decisions by consumers and firms. Just as virtual water is silent on the issue
of opportunity costs, water footprints also neglect information describing
water scarcity conditions, implications for livelihoods, and the beneficial
aspects of water use in any setting. Even in water scarce areas, residents,
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firms, and public officials will be concerned about energy resources, land use,
other inputs, and the implications of water allocation and use on livelihoods.

Firms and consumers certainly can gain information and increase their
awareness by calculating water footprints. There is no inherent harm in such
calculations, although firms and consumers might wish to take a broader
perspective regarding their activities by considering also other inputs and
livelihood impacts. Many firms likely already consider the amount of water
they use in production, particularly if they operate in regions where water
is scarce or priced by volume. The firms might not use the language of
methodology of water footprints, but understanding input use is certainly in
their interest. Thus, one might conclude that water footprints are not
harmful when calculated and applied in private settings. The potential harm
arises when water footprints are considered in a policy context.

Designing policies based on water footprints might lead to decisions that
move society further away from desirable outcomes. An estimated water
footprint might describe the volume of water used in production, but it does
not describe the amounts of other inputs, or the opportunity cost of any
input used to produce goods and services. Producers required to reduce their
water footprints might increase their use of energy or machinery, even if the
opportunity costs of those resources are higher than the opportunity cost of
water in a given location. Consumers encouraged to reduce their water
footprints might choose products with smaller footprints depicted on product
labels. Yet their choices might displace low-wage laborers in a region with
few alternative employment opportunities.

In sum, virtual water and water footprints are compelling notions, but
they have limited relevance in discussions of important policy questions.
International trade is complex, and involves many issues that are not
captured in calculations or depictions of virtual water. Similarly, water use
and allocation involve many more issues and implications than are reflected
in estimates of water footprints.
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7 Green and Blue Water

Aditya Sood, Sanmugam A. Prathapar,
and Vladimir Smakhtin

7.1 Introduction

Researchers are always looking for new approaches to tackle obstinate
problems. While in some cases these approaches represent fundamentally
new methods of addressing an issue, in other cases they simply constitute a
changed perception for the same one. If the change in perception leads to
a complete change in societal view of an issue, it is a paradigm shift (Kuhn,
1962). One such shift relates to water management for agricultural
production, which is critical to development and will remain so as human
population increases and diets shift toward more water demanding food. 
A sustained effort in improving water and crop productivity in recent
decades—exemplified by the Green Revolution of the 1960s and 70s—has
allowed food production to outpace human demand (FAO, 1996). However,
the point has been reached when low hanging fruits, associated with raising
productivity in irrigated areas, have largely been exhausted. As a result,
recent discourse is moving toward improving productivity in rainfed agri -
culture, especially in the African continent where agriculture is predomi -
nantly rainfed and productivity is low. To aid in this effort, colors have been
utilized to highlight the difference between water management for rainfed
versus irrigated agriculture.

Traditionally, in water resource management, colors have been used to
define water streams in the realm of domestic wastewater management
(Otterpohl et al., 1999; Otterpohl, 2002; Gaulke, 2006; Bester et al., 2008;
Daigger, 2009). Four colors are predominantly used to define domestic
wastewater. Yellow water is the urine component and the brown water is
the water mixed with human feces (Linder, 2007), i.e., toilet wastewater
minus yellow water. Black water is a technical term used to define toilet
wastewater, i.e., combination of yellow and brown water. Finally, grey water
is all of the remaining domestic wastewater, i.e., domestic wastewater without
black water.

More recently, the two colors increasingly used in discourse in agricultural
water management are green and blue. The role of green water in agricul-
ture has received growing recognition for its ability to foster food security



and development outcomes (e.g., Falkenmark, 1995; Falkenmark and
Rockström, 2006; Rost et al., 2008; Aruna, 2009; Rockström et al., 2009).
Falkenmark and Rockström (2006, p. 129) note that “conventional water-
resource percep tions are incomplete” and require widening to include green
water. Aruna (2009) notes that consideration of green water in water
management is essential for alleviating future food crises. Rockström et al.
(2009) highlight how consideration of green water is critical in coping with
climate change and show that the countries that might be water scarce in
terms of blue water could still be food secure if green water is managed well.
A common denominator in most of these studies is advocacy for a greater
role for rainfed agriculture.

But does use of green water constitute a paradigm shift or simply reflect
application of a new name to an old concept? And has the addition of these
two water colors improved understanding of water issues in agriculture or
created more confusion? While Prathapar (2012) and Batchelor (2013)
posed questions of whether “coloring” water has improved or dumbed-down
the water management sector, the aggregate level of scrutiny applied to these
new entrants to water management dictionary has not been voluminous. To
clarify the benefits and additional insights achieved through use of the
green–blue water distinction, this chapter reviews these two “water colors”
in relation to pre-existing concepts, as a means to identifying the value
added by these terms. The chapter first looks at the definitions of green and
blue water as mentioned in scientific literature (section 7.2) and compares
green and blue water concepts with traditional hydrology and water resources
management terms and notions, especially in agriculture (sections 7.3 and
7.4 respectively). A discussion and conclusion section then focuses on
possible softer benefits of water colors, and factors that drove increasing use
of green and blue water (section 7.5).

7.2 Green and Blue Water: Background and Definitions

The green water concept was first introduced by Falkenmark (1995) in the
context of agricultural productivity in sub-humid and semi-arid regions.
Falkenmark describes green water as the rainwater that infiltrates into the
root zone of plants, used for biomass production (Falkenmark, 1995), and
“invisible water in the soil,” which is “often forgotten” in water resource
management (Falkenmark, 2008). The water that either runs off from the
soil surface or percolates beyond the root zone to form groundwater, by
contrast, is called the “blue water.” A debate on the precise demarcation
between green and blue water has been going on since the terms were
introduced (Ringersma et al., 2003). This has spurred attempts by numerous
experts to provide definitions of the two concepts (Table 7.1).

Blue water definitions are similar and in essence considered any water
that can be withdrawn from a water storage infrastructure. The storage
infrastructure can be either surface storage such as lakes, reservoirs, rivers,
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wetlands etc. or subsurface storages such as aquifers. There are three
pathways in which blue water is said to be “generated”: i) runoff from the
soil surface that reaches the surface storage structures, ii) water flowing
laterally within the soil layers and reaching the surface water storage
structures, or iii) water that moves vertically through the soil layers that
recharges aquifers and can be withdrawn later.

While definitions of green water also look similar upon casual reading,
discrepancies emerge on closer inspection (Table 7.1). One group of experts
appears to consider green water to include only transpired water. Falkenmark
(1995) and Xu (2013), for example, consider transpiration (i.e. infiltrated
water used for biomass production) as green water. Similarly, Savenije (1998)
only considers water that is transpired through plants as green water, and
Zaag et al. (2002) consider infiltration along with transpiration by plants as
green water. To differentiate between evaporation and transpiration,
Savenije (1998) in fact introduced a new color—“white water”—to define
the rainwater that is directly evaporated to the atmosphere and does not
participate in the photosynthesis of the plants. It could be either from the
bare soil or from land cover.

Another group of authors have a broader interpretation of green water
(Table 7.1). Rockström (1999) suggests including evaporation from open
water and plant interception as part of green water. Ringersma et al. (2003)
consider green water as the water in the soil that is available for plants, 
but lump evaporation and transpiration together. Similarly, Fader et al.
(2011) consider actual ET as green water and do not differentiate between
evaporation and transpiration. Finally, Mekonnen and Hoekstra (2011)
describe green water footprint simply as rainwater consumed. If the water
consumed by a crop (or a derived crop product) comes directly from
rainwater, it forms part of green water footprint; if it comes from surface
and ground water, it is considered as part of blue water footprint.

Yet another group of authors look at green water in terms of its poten-
tial (Table 7.1). Karlberg et al. (2009) talk about the potential of green 
water, i.e., soil moisture available but not necessarily consumed by plants.
Karlberg et al. (2009) also explain that irrigation when applied to fields helps
increase green water in the soil and hence leads to “blue to green water
redirection.” Hoff et al. (2010) consider green water as the precipitation
held in an unsaturated zone of soil and available for plants—which implies
that they too refer to the potential and not actual ET. They suggest rainwater
harvesting1 as being at the “interface” of blue and green water. This raises
issues about interexchange between green and blue water resources. Rain -
water stored at on-site small ponds is considered as blue water, for example,
until it infiltrates the soil to augment soil moisture—thereby converting to
green water.

At least two points emerge from the above review of definitions. A first
point is that blue water definitions are fairly consistent. A second point is
that variation in interpretation is evidenced across definitions of green water.



To some, green water is the soil moisture that is transpired; to others, it is
soil moisture that is evapotranspired; and yet to others, it is any moisture
in the soil that can be eventually used by the plants.

7.3 Hydrology and Water Colors

To further clarify the complexities involved in defining green and blue water,
it is important to clearly situate these concepts within the hydrological cycle
at a basin scale (Figure 7.1a). There are two natural ways in which water
enters a river basin. It can either enter as precipitation (in the form of snow
or rainfall) or through groundwater flow if the groundwater boundaries do
not match the watershed boundaries. Precipitation either falls directly on
the bare soil or on vegetation. Some of the precipitation that falls on the
vegetation is retained there and later evaporates back to the atmosphere—
this is interception. Some scientists consider the interception as part of the
green water, while others do not.

Rain that falls on vegetation and eventually reaches the soil surface is
known as “throughfall” (Figure 7.1a). Some of the rainwater that reaches
the surface of the soil infiltrates into the soil. The rest of the rainwater flows
over the land and either collects in surface depressions or flows into lakes
and rivers. This process is influenced by many factors such as soil properties
(compaction, hydraulic conductivity, texture, existing soil moisture etc.),
rainfall (intensity, duration, and amount), topography (slope, exposure), and
vegetation.

Rainwater that does not infiltrate is considered blue water. The rainwater
that infiltrates in the soil is either retained as soil moisture (in unsaturated
zone) or percolates further down and becomes part of the groundwater
(saturated zone). The rainwater that is retained in the unsaturated zone of
the soil is called green water. And the rainwater that reaches the saturation
zone (or groundwater) is called blue water. The blue water that gets stored
in shallow depressions or potholes either evaporates back to the atmosphere
or slowly seeps into the soil thus becoming green water. Rainwater harvesting
techniques that rely on storing rainwater at farm level are analogues to these
shallow depressions, and are a good example of “blue to green water
redirection.”

Figure 7.1b shows hydrological processes in the vadose zone of soil. The
vadose zone is the zone between the land surface and the groundwater
(where the water is at atmospheric pressure). Water in the vadose zone is
held by either adhesion or capillary action and is termed as soil moisture.
In terms of water color, it will be considered as green water. Both at the
soil surface and interface between vadose zone and groundwater, continuous
interactions take place. At the soil surface, soil moisture evaporates due to
transfer of energy. This would fall either under green water or white water,
depending upon which definition of green water is considered. During 
rains, the soil moisture is replenished through the soil surface (infiltration).
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Figure 7.1 (a) Hydrological cycle at basin scale (modified from FAO, 2013) and 
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At the phreatic surface, where vadose zone and groundwater meet, water is
added to the groundwater due to gravitational forces converting green water
to blue water. In almost all cases, at the phreatic surface, due to capillary
action, a saturated fringe is formed converting blue water to green water.
Thus soil may be fully saturated with water well above the groundwater level.
In the vadose zone, soil moisture is also lost to the atmosphere through the
plants in the form of transpiration. This happens in the root zone of the
soil, i.e., the layer up to which the roots of the plant extend. Soil water
held within an evaporating plane (the depth of this plane will depend on
the depth of the root zone, soil texture and structure) will move to the soil
surface against gravity, consumed by roots if present, and evaporate or
transpire (green water). Water held below this plane will move very slowly
toward the aquifer and become groundwater that can be pumped or
transported, thus becoming blue water.

In summary, consideration of green and blue water in the context of the
hydrological cycle suggests that both could be described using traditional
terminology. Green water can be said to include all or part of soil moisture
and interception, depending on which definition of green water is applied.
Blue water can be said to include water not retained by the plants or soil.
Finally, green to blue water conversion and vice versa occurs at the interface
of both types of water.

7.4 Water Resource Management, Agriculture, and Water
Colors

Water resource management traditionally involves managing water storage
and water flows. Two new terms related to green and blue water were
introduced—green water flows and blue water flows—in this context
(Falkenmark and Rockström, 2006). Karlberg et al. (2009, p. 44) define
green water flows as “vapor flows that go back to the atmosphere”—this
includes transpiration and evaporation from soil and interception. In other
words, green water flows is another name for ET and inter cep tion, where
transpiration is the productive part and the rest unproductive (Falkenmark
and Rockström, 2006). Blue water flows is defined as “the liquid flows of
water that recharge groundwater and flow in rivers to lakes, wetlands and
ultimately the ocean” (ibid., p. 45). As such, blue water flows is the term
for the flow of water in surface and aquifer storage systems.

In the past, water managers may have placed more focus on managing
surface water (blue water) and blue water flows than soil moisture (green
water). Advocates for increased management of green water (e.g., Falken -
mark and Rockström, 2006) may therefore have been highlighting oppor -
tunities to exploit a relatively underrepresented piece of the water
manage ment puzzle. While this is likely a noble objective, it is worth noting
that components of the hydrological cycle are ultimately all connected to
each other and an impact on one component affects management of other
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components. Vidal et al. (2009) indeed suggested that agriculture has never
been fully rainfed or fully irrigated—it is somewhere in between. Further,
farmers generally consider rainfed and irrigated agriculture together, applying
water for irrigation to supplement water from rainfall.

Two systems of agriculture are practiced around the world. One is rainfed,
i.e., all the crop requirements are met directly from the rainwater falling 
on the farm. In this system, the crops extract soil moisture that is retained
due to rainfall infiltration or soil moisture that is created due to capillary
action, especially in the case of high water table. Crop productivity, i.e.,
crop produced per hectare, is controlled by rainfall, thus making the system
highly vulnerable to natural variability.

The other one is irrigated, i.e., where crop water requirements are met
through withdrawal, delivery, and application of water. In reality, most
irrigated systems are in fact a combination of irrigation and rainfed agri -
culture since water available to crops from rainfall is typically supple mented
by irrigation, i.e., there is usually some existing soil moisture due to rainfall
that is enhanced by irrigation. In general, crop productivity is higher in
irrigated systems as compared to rainfed systems because water can be
provided to crops in adequate amounts reliably throughout the growing
season, thus avoiding undue water stress to the crops (Kijne et al., 2003;
Geerts and Raes, 2009).

In the literature cited above, water directly consumed from rainfall in
rainfed and irrigated agriculture is termed green water and the water supplied
by irrigation in an irrigated system is considered as blue water. Confusion
comes when these terms are applied to the case of rainwater harvesting.
When a farmer creates a small retention pond to hold rainwater, that farmer
is in effect collecting blue water. As this water slowly percolates in the soil,
however, it converts to green water. The water may nonetheless eventually
become blue water again if it seeps through soil to recharge the aquifer.
Similarly, water consumed by crops from the capillary fringe is also blue
water converted to green. In reality, crops can only consume soil mois-
ture, which means that any water that is applied to soil, first gets converted
to soil moisture before being consumed by crops. It is therefore critical to
identify the source of soil moisture if one seeks to determine whether a crop
has utilized green or blue water.

Some studies have divided water productivity into “green water
productivity” and “blue water productivity” (Rockström et al., 2004; Hamdy,
2008). Water productivity is defined as economic or biophysical output 
for a unit of water applied or depleted (see Chapter 5 for a full review). 
As already discussed, since water consumed in most irrigated systems comes
from an ad hoc combination of rainfall and withdrawal, it is difficult to dis -
aggregate the agricultural production into rain based and irrigation based.
The total water applied to any farm is a sum of rainfall and irrigation (in
case of purely rainfed, water from irrigation is zero). Some of the water runs
off the field and some percolates down to the water table. At the scale of a
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farm, this water is lost (although it can be reused downstream). The rest is
either consumed by plants or evaporated. The goal of agriculture manage -
ment at a farm scale is to reduce the loss of water to downstream runoff, to
groundwater, or by evaporation.

7.5 Discussion and Conclusion

While there has been a notable stream of literature that uses the language
of green and blue water, it appears questionable whether these terms have
provided insights above and beyond those that are or may be achieved
through concepts that were already in use.

Clearly, green and blue water can be described using traditional hydro -
logical terminology. Also, rigid categorization of water as either green or
blue is likely to cause more confusion since application of green water
definitions typically allow for some “redirection” or “conversion” between
green and blue water (and vice versa) as seen, for example, in the case of
rainwater harvesting. Confusion is compounded by the fact that there is no
common definition of green water (Table 7.1). There are three groups of
definitions for green water—water from soil moisture that is evapotranspired,
water from soil moisture that is only transpired, and any soil moisture.

It appears that a major driver for the use of “green and blue water” terms
is to promote greater focus on rainfed agriculture. Insofar as green and 
blue water—as well as the rest of rainbow water terminology—further this
objective, they may have some merit as science communication concepts.
Nonetheless, such terms need to be fully consistent with and reflective of
the underpinning science itself. Case in point, green water does not directly
equate with rainfed agriculture, nor does blue water equate with irrigation.

It is true that the focus of water resource managers and agriculture
engineers has traditionally been more oriented toward surface water and
irrigation, and less oriented toward management of soil moisture and ground -
water. This narrow interpretation of water management has nonetheless
been evolving over the years, as discourse has moved to collective manage -
ment of surface and groundwater (World Bank, 2005) and rainfed agriculture
(CAWMA, 2007). It is being realized now that water resource management
needs a holistic approach that manages all the components of a hydro-
logical cycle so as to increase water reliability. This being said, there may
still be a niche for an advocacy tool that may help offset the greater atten-
tion historic ally given to withdrawal and surface-water storage in water
management.

One possible advantage of introducing the terms green and blue water is
that they may be more accessible and appealing than traditional water
management terms. “Tapping the potential of green water” may indeed
constitute a more compelling and novel advocacy slogan than the more
routine “improving water management in rainfed agriculture,” particularly
to non-technical audiences who will not scratch deeply beyond the surface
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to test the conceptual soundness of such terms. It has in fact been suggested
that management is often about finding a working balance between scientists
and those with less technical understandings of water. If this is true, the
terms of green and blue water could—in principal—hold value as they may
stimulate more interest in water management and be perceived to simplify
concepts viewed as esoteric.

The experience of green and blue waters’ entry into water management
discussions engenders some broader questions about the process of discourse
through which new terms enter water management. One indeed wonders
whether attempts should be first made to define future agricultural water
management problems concisely in traditional hydrological terms and using
the existing scientific capital in handling these issues. When clear limitations
to old approaches are apparent, it is then valid to explore developing new
tools to complement the old ones. Nonetheless, in such cases when utility
of old concepts is limited and new terms in water management must be
added, it would seem necessary to scrutinize these terms with proper scientific
rigor to make sure that they are conceptually sound and add value. The
experience of green and blue waters entry into water management discussions
engenders some broader questions about the process through which new terms
enter water management discourse.

Note
1. Rainwater harvesting is the practice of capturing and accumulating rainfall

locally with the intention of using it later for either human consumption or to
recharge groundwater.
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8 Conclusions

Jonathan Lautze and Vladimir Smakhtin

8.1 Reviewing Findings

The book is believed to be the first systematic attempt to examine some of
the meanings, divergences in interpretation, and value added of water
management concepts that have been introduced or grown greatly in use in
recent times. Overall, it appears that while the new concepts have brought
some benefits, the extent of those benefits may be inflated.

A number of common threads, as well as some differences, can be dis -
cerned through a comparison of terms examined in this Book. A summary
of possible underlying drivers, value added and sources of confusion for 
each of the terms considered in previous chapters is presented in Table 8.1.
As definitive attribution of underlying factors driving a particular term’s
creation is somewhat subjective, the word “possible” was added to acknow -
ledge the fact that judgment was involved.

Reviewing underlying drivers across the terms (Table 8.1, column 2)
suggests that key language contained in terms was often first used in broader
environmental and development discourse and subsequently assimilated 
into water sector use. This observation indicates that key concepts in water
management may often trickle down to the water sector rather than trickling
up in response to real issues specific to the water sector, which in turn spurs
questions about the degree to which the water sector leads vs. follows in
the selection of key sectoral concepts. There indeed may be timidity when
it comes to promulgating key concepts, reflected in a perceived need to
couch useful water sector concepts such as water stress or variability manage -
ment in language such as scarcity and security, respectively.

Moving on to the value obtained through introduction of the new terms
(Table 8.1, column 3), at least two general observations are apparent. A
first observation is that the value of new terms is more often soft than hard.
In other words, soft benefits of awareness-raising, profile-raising, and issue-
highlighting would appear to exceed hard benefits such as technical utility.
A second observation is that when new terms do possess technical value as
an indicator, that value is often exaggerated. There indeed appears a dynamic
whereby technical value of an indicator is often trumped by rhetorical value
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as a promotional tool, leading to inflated expectations of the value of the
indicator.

Reviewing the sources of confusion (Table 8.1, column 4) associated with
new term introduction sheds light on two issues. First, it would seem that
confusion arises—at least in part—because concepts are deemed to be
important despite a lack of clarity on what they mean. The mismatch
between presumed importance and unclear meaning would appear to trigger
a process of re-positioning traditional concepts and developing and debating
new indicators to achieve greater clarity on what terms mean. Second, it
would seem that confusion arises due to over-inflation of the capacities of
new terms. As already noted, it may be that liberal use of expectation-raising
language such as “paradigm,” “framework,” or “central challenge” has caused
terms to be employed in roles beyond which they are suited.

Ultimately, while some skeptics may call for a discussion on whether the
aggregate confusion associated with new terms outweighs their collective
value added, it may be more constructive to orient discussion toward
outlining an improved path forward. In particular, as the flow of new terms
is unlikely to stop any time soon, it may be worthwhile to consider: i) how
the role, utility, and value of new terms can be kept in context, ii) whether
a quality control mechanism can somehow be applied to terms entering
water management discourse, iii) whether the process for selecting concepts
that are promulgated as central paradigms can be made more explicit.

8.2 Moving Forward

Suggestions for New Term Introduction

Reviewing lessons from past creation of new terms provides a basis for
improving the way that new terms are generated in the future. Five recom -
mendations are hereby proposed to strengthen the process of introducing
and utilizing new terms.

1. Take note of terms that describe terms Scrutiny of this book’s chapters,
as well as many other documents, suggest that key terms themselves
have been described with various terminology including: term, concept,
indicator, framework, paradigm. While the particular term used to
describe a new term has rarely received focus, selection of one appella -
tion vs. another carries key implications for the expectations attached
to a term’s capacity. It may be inappropriate to attach the label of
paradigm or framework, for example, to a simple indicator. A first lesson
is therefore to distinguish between term, concept, and indicator on the
one hand, and framework or paradigm on the other. Achieving status
of framework or paradigm in water management should imply something
substantially greater than any of the initial three terms (term, concept,
indicator).
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2. Test whether new terms can be expressed with traditional ones Before
bringing a new term to the attention of the water management
community, it makes sense to justify the new term’s value in relation
to accepted, traditional terms. If one cannot clearly show that a new
term provides value over and above existing ones, then there is no need
to coin that new term. If a term is shown to provide value over and
above existing terms, the term’s creator should nonetheless clearly
situate the new term relative to traditional concepts so as to minimize
potential for confusion and conflation between new and old concepts.

3. Explicitly state what a particular term excludes and does not do Part of the
confusion and inflated expectations of new terms may be driven by the
somewhat broad and qualitative definitions often provided for them.
Such definitions typically highlight what a term can do, but rarely
highlight what it cannot do. Definitions that fail to reveal what is
excluded by a concept include those of “IWRM” and “water governance”
(see Chapter 3). A suggestion is therefore to clearly delimit a term’s
potential uses and role by pointing to issues that a term excludes, and
roles in which it is not suited. Such an exercise holds substantial
potential to pre-empt much of the unrealistic expectations and misuse
of new terms entering water resources management discourse.

4. Clearly identify a new term’s potential to mislead and be misused It would
seem that many new terms mislead and are misused. One way to limit
potential for these unwanted “outcomes” is to clearly list areas in which
terms can mislead, and roles in which terms would be misused.

5. Consider creating a process for quality control on new term introduction To
combat the arbitrariness associated with the introduction of new terms
currently evidenced, it might be beneficial to create a process (e.g., a
set of criteria, or checklist) for determining that a proposed new term’s
entry into water management discourse generates clear value. While this
may be done to some extent now through debates contained in the peer
review process through which terms are proposed and channeled, this
process may be able to be circumvented by publication in non-peer-
reviewed outlets. Further, convergence toward clear criteria—for
example, drawing on those points presented in the lessons immediately
above—have not been formalized. Formalization of such points could
clarify the rules of the game, strengthening the peer-review process and
other scrutiny applied to new term introduction.

Suggestions for Elevating a Term to Paradigmatic Status

Building on this suggestion to tighten the process of introducing new terms
into water management discourse, it is proposed to put more thought into
selection of central water management paradigms from among terms in water
management. Three criteria are proposed to guide decision-making for
elevating a water management concept to “paradigmatic” status:
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• relevance of the concept to water management, as determined for
example through aggregation of regional surveys of people active in the
water sector;

• potential for the challenges associated with the concept to be solved
through options or measures that are water related;

• perception of a concept’s potential to serve as a tool that helps mobilize
resources.

It is worth clarifying that while a concept’s potential to attract resources
should come last, it is proposed to make this criterion explicit. As this is
clearly a de facto criterion that influences decisions related to which terms
grow in prominence, it may be better to acknowledge and formalize it.
Nonetheless, it is proposed to first outline key concepts in water management
based on water sector challenges and the ability to tackle those challenges.
With a list of key concepts so established (and presumably revised at some
frequency), those determined to be strategic—or more marketable—can
ascend to greater prominence.

Five central water management concepts that could result from
application of the three criteria stated above are proposed here:

1. Improving water management As noted in Chapter 3, water (resources)
management has been defined as “the application of structural and
nonstructural measures to control natural and man-made water resources
systems for beneficial human and environmental purposes” (Grigg, 1996)
and “the study, planning, monitoring, and application of quantita tive and
qualitative control and development techniques for long-term, multiple
use of the diverse forms of water resources” (WHO, 2009, n.p.). While
there may be reasons to discard or de-emphasize concepts after a certain
number of years of use, certain concepts may remain valid, applicable, and
likely more appropriate than new ones that compete to replace them.
Valid reasons for replacing a concept may be a concept’s anachronism,
identification of flaws in a concept, and/or a concept being exceeded in
quality by another concept. None of these reasons can be clearly
discerned with “water management.” The original term could indeed
likely work quite well as an encompassing framework or paradigm.

2. Managing variability (in water availability) A fundamental challenge
associated with water is variability in its availability, which primarily
results from natural variability in rainfall. It would indeed appear that
the greater degree of variability in a region or basin, the greater degree
of management required to alleviate the negative aspects of that
variability. And, conversely, the less variability evidenced, the less
management is required. Noticeably, there are obvious in-house (water
sector) solutions that can be used to mitigate the effects of variability
such as storage augmentation, irrigation expansion, and institutional
strengthening. Further, variability may have substantial potential to
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resonate popularly so long as concrete examples of droughts, floods, and
other extreme weather events are cited. Alleviating negative aspects of
water resources variability (e.g., managing extreme droughts and
catastrophic floods) while maintaining its benefits (e.g., for satisfying
environmental flow requirements) is and will be a primary challenge in
the water sector globally.

3. Water management for food security Agriculture is the largest sectoral
use of water. Within agriculture, food production is likely most crit-
ical. While this singles out one broader goal of water management, this
is likely the single most important outcome of water management.
Managing water to enable food security appears a highly relevant goal,
and there appear ample water sector options for improvement. The topic
is unquestionably marketable. The prominence of the post-2008 hikes
in food prices underscores this marketability.

4. Management that enables societies to achieve their broader objectives Effec -
tive water resources management is a means that enables a number of
broader ends. Major broader objectives to which water management
contributes can be said to include: economic growth, poverty alleviation,
agricultural production, environmental sustainability, energy production,
among others. Acknowledging linkages between water management 
and these broader goals is relevant, and presents clear water manage-
ment response options particularly if water management is viewed as an
enabler rather than determinant of broader outcomes.

5. Managing conflicts and strengthening institutions The fact that water use
is a means to many broader objectives—noted immediately above—
often creates conflicts between using water for one objective vs. another.
In addition, there are often conflicts between use of water in one
location vs. another; for example, between an upstream and down-
stream irrigation scheme, or between an upstream country and a
downstream country. Effective institutions constitute the best way to
manage con flicts. Rules and procedures, created based on participative
processes, that contain equitable and sustainable arrangements for
sharing water’s benefits across uses and users will help reduce conflicts.
This issue cer tainly is relevant, and there are in-house options such as
strengthen ing water institutions. Further, issues related to conflict appear
to attract attention and resources.

8.3 Final Thoughts

In conclusion, three messages related to the terminology of water are offered
for the water world based on evidence presented in this chapter and this
book:

1. Clarity in terms’ meanings helps reach meaningful decisions that lay the basis
for real progress toward real solutions Given the degree of challenges
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facing the water world, it would seem in our interest to optimally
channel efforts so that real issues are tackled. Greater clarity in terms’
meanings will reduce time expended sorting through variations in
interpretation, and foster greater focus in addressing real challenges.

2. Constructive discourse to reduce ambiguity surrounding water sector concepts
is not a waste of time While all terms carry some ambiguity, there is a
reason for the existence of text books elaborating fundamental concepts
in various disciplines. Common understanding of terms enables us to
match words to meanings to enable multiple people to work toward
achieving the same commonly understood objective. Conversely, altern -
a tive understandings of the same term may lead people to pursue alternate
objectives contained under the same heading.

3. There is a need to converge toward agreement on an accepted vocabulary of
water sector terms While absolute consensus on the meaning and utility
of many terms may simply be unachievable, there is nonetheless
substantial progress that can be made in converging toward consensus.
Various methods could be employed—e.g., participatory processes or
surveys of senior people active in the water sector—through which
convergence toward common definitions, and meanings of selected terms
could be fostered.
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Appendix
Other New Terms in Water
Management

Munir A. Hanjra and Jonathan Lautze

1 New Terms

Many new terms in water management have grown greatly in use in the last
two decades. While preceding chapters of this book devoted primary focus
to one set of key terms (water scarcity, water governance, water security,
water productivity, virtual water, water footprint, green water, blue water)
as well as secondary focus to another set (e.g., water stress, economic water
scarcity, IWRM), there are no doubt many other terms that merit attention.
To give coverage to some of the numerous other new terms that can be
found in contemporary water management discussions, this Appendix focuses
on an additional set of 25 terms.

To identify new terms, a search was undertaken of 26,952 total sources.
The sources included were obtained from databases found in ISI Web of
Knowledge (WoK), Scopus, ScienceDirect, EBSCO, Springer, John Wiley,
IWA, ASCE, and other water journals; document repositories including
IWMI Library Catalogue, organization websites including the World Bank,
International Fund for Agricultural Development (IFAD), Consultative
Group on International Agricultural Research (CGIAR), International
Water Management Institute (IWMI), Asian Development Bank (ADB),
African Development Bank (AfDB). A series of searches were performed
with the words “water” and “irrigation” selected as search terms in the item
title. Bibliographies of identified sources were also searched for addi-
tional references. Approximately 260 potential new terms were identi fied 
in total.

To filter new terms for inclusion in this Appendix, four criteria were
applied. First, terms needed to have a clear relationship to water manage -
ment. In practice, this often meant that terms possessed a word in their title
with a clear water linkage such as “water,” “basin,” or “down stream.” Judg -
ment was nonetheless applied to certain terms to permit their inclusion.
Second, there had to be some level of use beyond just one source. In other
words, we had to be clear that the term is in fact put into use by people
beyond the author that coined a term. Third, there had to be evidence that
frequency of a term’s use had grown substantially in the last two decades.
Last, terms found in previous chapters were removed from the list.



The remainder of this Appendix focuses simply on provision of a short
definition and explanation of the meaning of each new term. Due to limita -
tions on the space in which each term is defined and discussed, reference
to two notable works related to each term are provided immediately after
initial mention of each term. This will enable readers to follow up on their
own should they wish to gain a more in-depth understanding of a particular
term.

It should be noted that the style of this Appendix is an admitted departure
from the book’s main chapters. The sheer number of terms receiving focus
in this Appendix motivated a need to adapt the approach utilized in
Chapters 2 through 7. That is, whereas Chapters 2 through 7 analyze one
or very few terms, this Appendix describes many terms. As such, the
Appendix provides a descriptive review to give general coverage to the set
of terms rather than an analysis of their value added. A short final section
nonetheless offers some thoughts about the collective benefits achieved
through development of the reviewed terms.

1. Downstreamness (van Oel et al., 2011; van Oel and van der Veen, 2011)
In many river basins, rising demands for freshwater have led to the
development of water storage and irrigation infrastructure, which raise
tensions and trade-offs between upstream and downstream users and
affect the choice of technical interventions for water resources devel -
opment and management. The term downstreamness was proposed for
analyzing the availability and commitments of freshwater in river basins
from the perspective of a riparian’s position (van Oel et al., 2011).
Downstreamness of a location is the ratio of its upstream catchment
area to the entire river basin area. The downstreamness of a water-
related function (e.g., hydropower) is defined as the downstreamness-
weighted integral of that function divided by its regular integral. 
The concept has been used to determine the downstreamness of surface
water storage capacity, stored surface water volumes, and water demand.
In the context of upstream vs. downstream groundwater management, 
a downstreamness perspective can help to reveal whether interventions
such as rainwater harvesting lead to uneven recharge of groundwater
(Ray and Bijarnia, 2006).

2. Ecological sanitation (Langergraber and Muellegger, 2005; Haq and
Cambridge, 2012)  The term ecological sanitation (or Ecosan, as it is
often abbreviated) refers to crop fertilization with human urine to
increase water and nutrient availability in rainfed smallholder agri-
culture (Andersson et al., 2011). It embodies the potential impact of
two strategies—namely, i) in situ water harvesting and ii) fertilization
with human urine—to increase agricultural production and promote
more environmentally friendly sanitation. The recycling of nutrients
em bedded in human excreta for use in agriculture is therefore seen as
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a potential strategy to both enhance soil fertility in smallholder systems
and address sanitation challenges. Nevertheless, the benefits are not
always straightforward and the implementation of ecological sanitation
faces diverse issues such as changes in crop yield, health risks, economic
viability, and social perceptions and adoption challenges (Andersson 
et al., 2011).

3. Green economy (UN-Water, 2012; Kadekodi, 2013)  Green economy
refers to a world in which natural resources including forests, water, land,
and ecosystems are sustainably managed and conserved to improve
livelihoods and ensure food security. Healthy ecosystems created by 
such an approach are in turn presumed to increase the economic returns
from the activities they support (World Bank, 2013). The term green
economy is consistent with objectives of lowering the carbon footprint
and greenhouse gas emissions and making the development process more
environmentally friendly and socially responsible. A green economy is
presumed to depend on sustainable, integrated, and more efficient
management of water resources; safe and sustainable provision ing of
water supply and sanitation services; and effective management of water
variability, ecosystems, and the resulting impacts on livelihoods (UN-
Water, 2012). Building a robust green economy is considered critical in
the context of a changing climate.

4. Greening the global water system (Hoff, 2009; Hoff et al., 2010)  While
“greening” can be utilized to refer to a range of environmentally friendly
water resources management measures (e.g., Villanueva et al., 2003),
the notion of greening the global water system can be more specifically
tied to recognition for the role of green water in food production and
for seeking solutions to water management challenges through green
water options. Thus it advocates for more emphasis on green water in
the context of an integrated approach to the green to blue water spec -
trum.1 Greening the global system extends interventions beyond more
conventional approaches of increasing irrigated area to place focus on
rainwater harvesting, supplemental irrigation, vapor shift, and soil and
nutrient management to upgrade rainfed systems (Rockström, 2003).
Such strategies are said to open up new avenues for water manage-
ment for sustainable development and poverty alleviation (Hoff et al.,
2010).

5. Hydrocentricity (Brichieri-Colombi, 2004; Allan, 2007)  The term
hydrocentricity is used to characterize business-as-usual approaches to
meeting society’s needs for goods and services that rely on conven-
tional “in-the-box” water management frameworks and interventions
(Brichieri-Colombi, 2004). Hydrocentricity is the narrow lens through
which water resource planners have traditionally resolved water
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management problems. Proponents of hydrocentricity language typically
advocate for a broader perspective, explaining that a wider set of solu -
tions to such water problems can be identified through non hydrocentric
lenses. Thus, instead of creating an artificial boundary at the river basin,
there is a need to expand the planning space beyond the water sphere
to resolve water management issues.

6. Hydrocracy (Molle et al., 2009; Wester et al., 2009)  A hydrocracy 
can be simply defined as a water bureaucracy (Molle et al., 2009).
Hydrocracies can be described as bureaucratic organizational frame-
works that not only operate as neutral control bodies, but that are also
driven by their own interests. Hydrocracies consist of technically and
eco nomically oriented engineers, technical employees of state or federal
departments, ministries, and state secretaries concerned with water
issues. Members of hydrocracies form an important part of epistemic
com munities, setting water agendas through use of discourses and polit -
ical influence (Treffner et al., 2010).

7. Hydro-hegemony (Jagerskog, 2008, and associated special issue of Water
Policy)  In the context of international relations, hegemony is under -
stood as authoritative leadership imposed by one powerful actor, such
as a state, over a weaker one. In water management, hydro-hegemony
usually refers to hegemonic interaction over transboundary water
resources in river basins shared by two or more nations; however, it can
be utilized for the exertion of power and control within a state (Zeitoun
and Warner, 2006; Jagerskog, 2008). Control by the basin hegemony
may be exerted in the form of resource capture or containment of
challenges (through exploitation of infrastructure development and
potential) of riparian position, and of power asymmetries. Manifestations
of hydro-hegemony range from coercive cooperation with an inequitable
distribution of benefits derived from resource use, to domination
(Treffner et al., 2010).

8. Hydropolitics (Salman and Uprety, 1999; Movik, 2010)  The term hydro -
politics refers to the political reality that geographic boundaries in 
most nation states are politically determined and these boundaries
generally do not align with apolitical hydrologic boundaries. Coun-
tries’ independence therefore creates difficult issues for sharing the 
water resources. Examples include Pakistan’s independence in 1947,
which led to the protocols and agreements that were incrementally 
and pains takingly negotiated for establishing the Indus Basin Commis-
sion under the Indus Basin Treaty for the sharing of water resources
among the Indus basin states, principally India and Pakistan (Wescoat Jr.
et al., 2000). Similarly, with the independence of the Central Asian 
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states from the Soviet Union, hydraulic infrastructure began to have trans -
boundary implications such that cooperative institutional mechanisms 
for the operation and management of these waterworks needed to be
negotiated.

9. Hydrosolidarity (Pigram, 2000; Kemerink et al., 2009)  The term
hydrosolidarity refers to the commonality of interests and mutual
dependence required to achieve and maintain the health and vitality
of a river basin as a trade-off against economic viability and regional
development (Pigram, 2000). Different reaches across a river basin 
often represent a mosaic of contrasting and competing biophysical, eco -
nomic, and social circumstances and community interests, and even
irrigation mosaics (Paydar et al., 2011). Thus water and health of the
river basin is the common thread and unifying element that promotes
communality of attitude toward the river system across reaches. A case
example is Australia’s Murray Darling Basin, where a degree of hydro -
solidarity is emerg ing due to water over allocation and pressing needs
for coordinated resource management across the basin.

10. Land grabs and water grabs (Williams et al., 2012; Lagerkvist, 2013)
Most countries in the developing world have water rights defined in
terms of land rights such that the transfer of land, either through sale
or acquisitions through political and customary systems by third parties,
results in transfer of water rights. This has implications for large-scale
investments in land and associated transfer of land and water rights.
Such “transfer” of land and water has often been colloquialized as land
and water “grabs.” The terms land grabs and water grabs are reflected
in recent large-scale land acquisitions for biofuel production by inter -
national investors, and foreign governments for assuring food security
for fast-growing populations in their land-scarce countries by investing
in large-scale land deals offshore (e.g., many Middle East countries,
China, and even India investing in land-abundant African countries
such as Ethiopia, Ghana, Mozambique, Zimbabwe). Some have con -
tended (Williams et al., 2012) that land and water “grabs” should not
be treated as inherently negative, given that such grabs reflect foreign
investment that holds potential to deliver a multitude of benefits such
as new income, employment, and livelihood opportunities.

11. Multiple use systems (Renwick, 2001; Senzanje et al., 2008)  The term
multiple use systems (MUS) dispels the misperception that irrigation
systems are designed for supplying water only to crops, and denotes the
fact that almost all irrigation systems simultaneously provide water for
other uses (Meinzen-Dick and van der Hoek, 2001). MUS means that
water has multiple uses, and irrigation infrastructures are in fact multiple
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use systems. Irrigation systems not only supply water for the growing of
main crops, but also water for home gardens, trees and agroforestry,
permanent vegetation, livestock, poultry etc. Viewing irrigation infra -
structure as multiple use systems has implications for water management
and water policy. It can enhance the economic and social value of water
in irrigation systems (Renwick, 2001), can lead to more productive and
environmentally sustainable systems, promote recognition for the rights
of all users and promote more equitable and socially just outcomes.

12. Natural infrastructure (Emerson and Bos, 2004; IUCN, 2011)  Natural
infrastructure (sometimes called green infrastructure) has been defined
by the US Environmental Protection Agency (US EPA, 2013) as the
interconnected network of natural and undeveloped areas needed to
maintain and support ecosystems. Natural infrastructure has also been
defined as “another term used to describe ecosystem services—the
benefits that people obtain from nature” (IUCN, 2011). Watersheds
themselves are natural infrastructure in the sense that they perform
infrastructure functions for water. Other examples of natural infrastruc -
ture include “upland soils that store water, wetlands that store and clean
water, floodplains that buffer floods, rivers that provide water
conveyance and mangroves, coral reefs and barrier islands that protect
coastal communities” (IUCN, 2011). It appears the underlying driver
for creation of the concept was the desire to increase attention for the
role of ecosystems in fulfilling functions of built infrastructure. Indeed,
with the term infrastructure defined as “the stock of facilities, services
and installations needed for the functioning of a society,” nature is part
of the infrastructure portfolio of every country and every economy.
Nature is then “natural infrastructure” based on its capacity to comple -
ment, augment, or even replace the services provided by traditional
engineered infrastructure (Emerson and Bos, 2004).

13. Problemshed (Mollinga et al., 2007)  Problemshed can be viewed as a
construct that is strategically delimited in such a way as to best address
a problem. It is argued that conventional policy and institutional reforms
in agricultural water management are characterized by social engineering
approaches that fail to address the inherently political nature of the
reform processes, or their embeddedness. Such acknowledgement leads
to rethinking of the unit of analysis and refinements in policy reform,
which is captured in the notion of problemsheds. Thus, the idea of
viewing a river basin as a closed system in anything but hydrological
terms as a “watershed” is a reflection of the concept that has rather
grown as a “problemshed” (Brichieri-Colombi, 2004).

14. Resilience (Young, 2010; Silici et al., 2011)  Resilience definitions can
be broadly divided into two groups: i) the capacity to absorb or withstand
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disturbances or shocks, which is very similar to use of the word “resist -
ance,” ii) the capacity to recover from shocks due to the regenerative
abilities of a social- or an eco-system. The former interpretation is
focused more on the capability of a system to maintain its basic functions
and structures in a time of shocks and perturbations such that resources
and ecosystem services essential for human livelihoods continue to be
delivered (Adger et al., 2005; Allenby and Fink, 2005). The latter
interpretation places more emphasis on the ability to learn and adapt
to changes and shocks (Birkmann, 2006). Resilience has been described
as the opposite of vulnerability (Adger et al., 2005). In the context of
water management, resilience has been associated with storing water to
reduce the effects of erratic rainfall (Brown and Lal, 2006).

15. River basin closure (Falkenmark and Molden, 2008; Molle et al. 2010)
When the supply of water falls short of commitments to fulfill demand
in terms of water quality and quantity in a basin, for part or all of the
year, that basin is said to be closed (Falkenmark and Molden, 2008;
Molle et al., 2010). River basin closure denotes that increasing water
withdrawals for urban, industrial, and agricultural uses have left little
water for the environment and profoundly altered the hydrology and
natural flows of many river basins worldwide. As a result of increasing
water withdrawals, a growing number of river basins are closing.
Examples include many river basins around the globe such as the
Colorado, Yellow River basin (China), Amu Darya, Syr Darya, and the
Jordan (Molle, 2008).

16. River basin trajectories (Venot et al., 2008; Molle and Wester, 2009)
River basin trajectories refer to the historical paths of basin develop -
ment. The trajectories concept implies that basin development history
in most countries is a response to certain generic conditions in the
agriculture sector and more broadly in society (Venot et al., 2008;
Smedema, 2011). When such conditions are absent, very little develop -
ment takes place and the development trajectory is near static—even
when there is an evident need for such development. These generic
conditions include: state of agricultural development; sector outlook and
perspectives; societal priorities and need for food security; employment
and population settlement (Smedema, 2011).

17. Sanitation ladder (Drechsel et al., 2010; Keraita et al., 2010)  The term
sanitation ladder refers to the spectrum of approaches—from low-tech
to high-tech—used for risk reduction through treatment in waste-
water irrigated agriculture. Less developed countries typically employ
approaches at the lower end of the sanitation ladder while more
developed countries employ approaches at the higher end of the sanita -
tion ladder. Higher end options generally include wastewater treatment,
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which puts emphasis on the regulation of water quality standards. Lower
tech options are less focused on water quality regulation and more
focused on reducing risks to human health. Multiple barrier approaches
are those in which a combination of measures—e.g., safe farm-based
and post-harvest measures, consumer education, and social incentives
to farmers—is employed based on their suitability in a given context
(Keraita et al., 2010).

18. Water Accounting (Molden, 1997; Karimi et al., 2013)  Water Account -
ing (WA) is a procedure developed by IWMI for documenting the 
uses, depletion, and productivity of water in a water basin context
(Molden, 1997). The United Nations Statistics Division has also pro -
posed a water accounting framework called System of Environ-
mental Economic Accounting for Water (SEEAW). SEEAW describes
hydro logical and economic information through a set of standard 
tables; with supple mentary tables to cover social aspects (UN, 2007).
SEEAW accounting includes precipitation, soil water, and natural
evapo transpiration. More recently, Water Accounting Plus (WA+) is a
frame work designed to provide explicit spatial information on water
depletion and net withdrawal processes in complex river basins. In the
WA+ framework, the influence of land use and landscape ET on the
water cycle is described explicitly by defining land use groups with
common characteristics (Karimi et al., 2013). Fundamental differ ences
between WA and WA+ include, but are not limited to, i) greater
reliance on satellite-based data in WA+, and ii) refinement of water
depletion.

19. Water banking (institutional) (Clifford et al., 2004; Lepper, 2006)  Water
banking is the practice of forgoing water deliveries during certain
periods, and “banking” the right to use the forgone water in the future,
or saving it for someone else to use in exchange for a fee (O’Donnell
and Colby, 2010). Water banking typically occurs through an institu -
tionalized process with known procedures and some measure of public
sanction for its activities (Clifford, 2004). Water banking occurs in dry
areas of the world such as the American West. In Arizona, for example,
the Arizona Water Banking Authority (AWBA) banks water in
upstream Colorado for use during dry periods (AWBA, 2013).

20. Water banking (groundwater banking) (Purkey et al., 1998; Pulido-
Velazquez et al. 2004)  “Groundwater banking” can be considered one
type of water banking. Groundwater banking has come to refer to the
practice of storing excess water supplies in subsurface aquifers so that
they can later be withdrawn (Purkey et al., 1998). Brothers and Katzer
(1990) provide an example of groundwater banking through artificial
recharge in Nevada, USA, for example, and Karimov et al. (2010)
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provide an example of groundwater banking through managed aquifer
recharge in wet periods for use in dry periods in the Fergana Valley of
Central Asia.

21. Water buy-backs (Zaman et al. 2009; Wheeler et al. 2013)  The term
water buy-backs refers to the market-based acquisitions of water from
irrigators by the government or a third party acting on behalf of the
environment and releasing this water back to the environment to
improve environmental flows and health of the river system (Australian
Government, 2012). The concept of water buy-backs implies that 
water was taken from the environment for agricultural uses and this 
led to over-abstractions with consequences for environmental assets and
ecosystem functions. As such, water now should be bought back and
released back to the environment. A case example is found within the
Water for the Future Program of the Australian Government. Where
environmental requirements are not met, the Australian Government
can buy additional water back from the irrigators through direct partici -
pation in the water market, but the sales are purely voluntary and water
is held by the national regulator for use by the environment (MDBA,
2012).

22. Water diplomacy (Kirmani and Le Moigne, 1997; Dinar and Dinar, 2000;
Islam and Susskind, 2012)  Water diplomacy has been considered as
all contact concerning transboundary waters that involves at least one
state actor (van Genderen and Rood, 2011). Water diplomacy has been
called “a theory and practice of implementing adaptive water manage -
ment for complex water issues” (Islam and Susskind, 2012; Tufts
University, 2013). Dinar and Dinar (2000) discuss water diplomacy in
the context of a few transboundary river basins, through which one
might deduce their interpretation of water diplomacy is the process of
negotiations surrounding transboundary waters. Ultimately, one inter -
prets that definitions and use of “water diplomacy” are quite broad.

23. Water poverty and water poverty index (Sullivan et al., 2003; Forouzani
et al., 2013)  Lawrence et al. (2002) stated that “people can be said to
be ‘water poor’ in the sense of not having sufficient water for their basic
needs because it is not available.” Water poverty would appear an
extrapolation of this. An index of water poverty was created that
consisted of five components: i) resources, ii) access, iii) capacity, iv)
use, v) environment (Sullivan et al., 2003). Each of these components
contains several subcomponents. The Water Poverty Index is based on
the architecture of the Human Development Index, and many recent
examples of its application exist (Komnenic et al., 2009; Cho et al.,
2010; Forouzani et al., 2013).
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24. Water towers (Immerzeel et al., 2008; UNEP, 2013)  The term “water
tower” originally referred to “a tower supporting an elevated tank, whose
height creates the pressure required to distribute the water through a
piped system” (Soanes and Stevenson, 2004). However, in the context
of hydrology and river basin management, it is used as a symbolic term
for a mountain area that supplies disproportionate runoff as compared
to surrounding lowland areas (Viviroli et al., 2007). The concept is
therefore a relative one. In Africa, water towers have been identified 
as areas such as the Fouta Djallon in Guinea, the Blue Nile basin in
Ethiopia, and the Angolan Plateau in northern Angola (UNEP, 2013).
These are areas where relatively large quantities of water can be said to
originate.

25. Water–Food–Energy nexus (McCornick et al., 2008; Stillwell et al. 2011)
A nexus is a connection or set of connections between two or more
things. A nexus approach is considered an approach that integrates man -
agement and governance across sectors and scales. A nexus approach
between water, food, and energy seeks to recognize that water is required
for both food and energy, and there are benefits to acknow ledging this
and considering both from a water perspective. It also acknowledges that
water–food–energy insecurities may be best tackled through a cross-
sectoral approach to enhancing infrastructure and access. It would
indeed appear that opportunities to raise productivity and efficiency—
and to reduce vulnerability to rainfall variability and climate change
—are optimally implemented through approaches that simul taneously
consider water requirements for the multiple sectors for which the
resource plays a central role (McCornick et al., 2008; Hoff, 2011). This
entails consideration for major trade-offs among the food, energy, and
environmental goals of water and energy development, allocation, and
management.

2 Closing Thoughts

Reviewing the terms outlined above, some have likely provided more value
than others. While the descriptive nature of this chapter constrains definitive
assignment of the aggregate value achieved through development of these
terms, it seems safe to say that many of the new terms presented have in
fact generated some value. Several of the terms—natural infrastructure, the
water–food–energy nexus, land and water grabs—have added an allure to
issues that may have otherwise been neglected. Other terms—e.g., water
accounting, water poverty—offer new ways to measure water use and access.
Still other terms—e.g., hydro-hegemony, river basin closure, river basin
trajectory—provide conceptual lenses that may help clarify dynamics
surrounding basin-level water use.
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Despite the value achieved through use of certain terms, it is likely that
not all terms generated major new value. Hydropolitics and hydrodiplo-
macy, for example, could likely be replaced by water politics and water
diplomacy, respectively. Further, even in cases where there is value in a new
term, one needs to pose questions concerning whether that term’s value
outweighs its possible negative attributes such as the increased confusion.
The analytical depth to which terms were scrutinized in this Appendix is
simply insufficient to address this issue. Nonetheless, future independent
work could be under taken to rigorously compare individual terms presented
in this Appendix against pre-existing terms, in order to identify their value
added.

Assessment of the underlying drivers for creating these terms is similarly
constrained by the review-nature of this chapter. Nonetheless, if one were
to conjecture a bit, it would seem that creation of many of these terms 
was driven by the desire to package pre-existing concepts under a trendier
heading of fewer words. “Water bureaucracy” was merged to one, sexier 
word in “hydrocracy.” Saving water during one season for use in another
was condensed into the label of “water banking.” Areas of relative water
abundance, typically in mountainous areas, were given the catchy appella -
tion of “water towers.” While the rationale of condensing a long set of terms
into a short set designed to attract interest is not unreason able, it may at
the same time be important to keep in context the value that these terms
add.

Overall, this Appendix has attempted to capture and give coverage to
some of the numerous terms in water management that did not receive
attention in the book’s preceding chapters. It is hoped that this Appendix
will help catalyze interest in more in-depth future investigation of the 
value that these new terms have added. Despite the analytical constraints
on this Appendix, largely a byproduct of the number of terms explored, the
Appendix may nonetheless offer suggestive evidence that is consistent with
the preceding chapters. That is, it appears that while many of the new terms
presented have provided value, the overall amount of value that they have
generated must be kept in context. It indeed appears that many terms are
simplifications of issues already known and traditionally described with a
greater number of words.

Note
1. See Chapter 7 of this book for a more detailed explanation of green and blue

water.
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