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Foreword

It is a privilege to write a foreword to volume 8 of The World’s Water, an indispensable 
biennial report on the condition of the earth’s water resource. Water is life. Without water, 
there is no life as we know it. Yet humans have abused it and misused it and polluted, 
wasted, and destroyed it.

In the 1990s, when I was vice president of environmentally and socially sustainable 
development for the World Bank, I was appalled at the lack of international engagement 
on the issue of water. In a speech I gave in Stockholm in August 1995, I said: “The wars 
of this century have been for oil, but the wars of the next century shall be for water”—a 
statement that echoed around the news media of the world. Many accused me of being 
an alarmist, but gradually, within a few years, the issue of water and water management 
started taking its rightful place among the national, regional, and global priorities of vari-
ous actors around the planet. What was lacking was a proper global perspective on the 
issue of water that would go way beyond chapter 18 of Rio’s Agenda 21.

And here, like a beacon unto the multitudes, the careful and meticulous scientific 
work of the Pacific Institute and its president, Peter Gleick, came to the fore in the form of 
The World’s Water series. It provided the most thoughtful, comprehensive, and interest-
ing coverage of the available knowledge and the insights needed to deal with the myriad 
problems that water represents. Sixteen years later, the eighth volume of The World’s Wa-
ter continues that distinguished tradition. Although many notable agencies of the United 
Nations, the World Water Council, the Global Water Partnership, the World Resources In-
stitute, and others have been producing excellent reports on water issues, The World’s 
Water continues its tradition of excellence, and I heartily recommend it to anyone inter-
ested in dispassionate and thoughtful discussion of the complex and important issues 
involved.

As we have come to expect, this year’s report, beyond providing a host of useful data, 
also marshals many experts to address important themes of water and water use. Starting 
with global water governance, it deals with the issue that most concerned me so many 
years ago. Today, as I sit in Egypt and watch the unfolding debates about the manage-
ment of the Nile’s waters as Ethiopia proceeds to build its Grand Ethiopian Renaissance 
Dam (GERD), and as I watch the agonies of populations in places enduring droughts and 
the general mismanagement of our most precious resources in so many countries, I can 
think of no more important topic that should elicit an international focus on coopera-
tion rather than conflict. We must see that nature does not recognize political bound- 
aries and that, just as water flows in rivers shared by countries, climate change affects all 
countries, not only those whose economic conduct plays a major role in causing it.

Beyond global water governance (addressed in chapter 1), the importance of engaging 
the private sector in smart water management is addressed in chapter 2. Here, if public 
and private partnerships are to thrive, transparency must be the order of the day. Such 
collaboration will help us attain the goal of ensuring that all people have access to clean 
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water and proper sanitation and that water is properly managed in agriculture, still the 
sector accounting for the largest water withdrawals.

Economic issues are widely discussed in this report. There are great opportunities 
to generate employment and jobs by smart investments in water systems (discussed in 
chapter 3). The rapidly expanding technique of hydraulic fracturing (or “fracking”) raises 
problems and poses risks to water systems from inappropriately conducted fossil-fuel 
extraction, all of which is discussed in chapter 4. The cost and financing of seawater de-
salination projects are discussed in chapter 6. And recurrently revived large-scale infra-
structure schemes and projects—here named “zombie water projects”—are discussed in 
chapter 7.

Chapter 5 of this report presents background and detail on a tool of enormous value, 
the “water footprint,” and discusses its application worldwide. If only the concerned par-
ties would all listen and make use of the insights generated by this tool.

But why should I take up more of the readers’ time? Let them delve into the riches be-
tween these covers. It is time to read, learn, and reflect . . . and to enjoy.

Ismail Serageldin
Librarian of Alexandria

Former Vice President, World Bank
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Introduction

When the first volume of The World’s Water was published, the United Nations’ Millen-
nium Development Goals had not yet been established. Today, as we finish volume 8, we 
are racing toward the 2015 deadline for those goals, but basic human needs for water and 
sanitation remain unsatisfied. Deadlines aside, if we are ever to achieve the objectives of 
global health and sustainability, water security is critical.

In this volume, we continue to provide data on access (by country and by urban- 
rural split) to water and sanitation. We also provide data on the ongoing, unchecked se-
vere cholera outbreaks that are a direct consequence of our failure to meet basic human 
needs for safe water. Human-caused climate changes are also increasingly apparent, 
with growing evidence around the world in the form of alterations of natural hydrology 
and impacts on our built water infrastructure. Ecosystems that rely on freshwater con-
tinue to deteriorate in many parts of the world as human competition for water grows. 
And conflicts over water allocations and use are growing, not diminishing, as reflected in 
the Water Conflict Chronology—a regular feature of these volumes.

The World’s Water, however, has always been about more than water “problems.” My 
colleagues and I believe strongly that there are successful and expandable solutions out 
there, and we try to describe and discuss them in every volume. New thinking about so-
lutions and the “soft path for water” are both needed and available, if we look around. As 
a result, The World’s Water has always tried to explore new ideas, successful case studies, 
and innovative communications efforts.

There is no shortage of topics to address, and as always it is a challenge to try to choose 
among them for inclusion in the books. In this latest volume we tackle some new topics 
and revisit and update some older ones.

Chapter 1 offers an overview of the complex institutions and ideas that constitute 
“global water governance” and offers some thoughts about how to improve and manage 
water systems at local, continental, and global scales while still protecting the critical 
needs of communities.

Chapter 2 revisits previous Pacific Institute efforts on how to engage the corporate 
sector in more sustainable water management, reporting, and use. Some innovative ef-
forts are under way under the auspices of the United Nations Global Compact office and 
the United Nations’ CEO Water Mandate, bringing new voices into the water discussion. 
The hope, still to be fully realized, is that responsible and sustainable corporate water 
management will play a role alongside the efforts of governments and nongovernmental 
organizations in moving toward more sustainable water policy.

The third chapter in this volume summarizes recent work completed at the Pacific 
Institute on water-related jobs. Jobs, in different sectors of the economy, are required 
to manage, deliver, and treat the freshwater required to satisfy our commercial, institu-
tional, industrial, agricultural, and domestic needs for goods and services. In addition, 
growing attention is being given to sustainable measures such as low-impact develop-
ment, water reuse, watershed restoration, water conservation and efficiency, and many 
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other proven and promising practices. As the country shifts to more sustainable water 
management, new services, occupations, and markets are emerging. Our research sug-
gests that water is a worthy arena for exploring green jobs.

Chapter 4 expands on the work we presented in the previous volume focused on en-
ergy and water, especially the increasingly controversial issue of hydraulic fracturing, or 
“fracking.” This practice has been particularly controversial in the United States but is 
expanding globally, wherever unconventional natural gas development is under way. To 
better identify and understand the key issues, the Pacific Institute conducted extensive 
interviews with a diverse group of stakeholders, including representatives from state 
and federal agencies, academia, industry, environmental groups, and community-based 
organizations from across the United States. This chapter provides a short summary of 
the key issues identified in the interviews and an assessment and synthesis of existing  
research.

Chapter 5 digs into the useful concept of the “water footprint.” We use water for many 
purposes: drinking, bathing, washing our clothes, watering our gardens, and more. In 
addition to these direct uses, however, water is needed to produce nearly everything we 
use and consume, from the food we eat and the clothes we wear to the technological 
devices that are integral to our modern society. A full measure of the water footprint of 
an individual, industrial sector, or society is the combination of direct and indirect water 
needed to provide our basket of goods and services. This chapter discusses the tool of 
“footprinting,” how it is related to other footprint indicators, such as the carbon footprint 
and the ecological footprint, how it is calculated, and the findings from some recent  
research.

Chapter 6 returns to the issue of desalination. In this chapter, we provide a short sum-
mary of the economics of various major desalination projects and the spatial and tempo-
ral variability associated with these costs. We also describe project-related risks associ-
ated with desalination plants, and we provide two case studies of seawater desalination 
projects in the United States to highlight some of the issues around cost and financing of 
these projects.

The final chapter, chapter 7, tackles the issue of water “zombies.” As any consumer 
of popular culture today knows, a zombie is an undead creature, something that was 
killed but came back to “life” in some form to terrify, entertain, and gross people out. 
Zombie books, movies, costumes, makeup, computer games, and more are big business. 
But not all zombies are fictional, and some are potentially really dangerous—at least to 
our pocketbooks and environment. These include “zombie water projects,” which we de-
fine as large, costly water projects that are proposed, killed off for one reason or another, 
and brought back to life, even if the project itself is socially, politically, economically, or 
environmentally unjustified. In chapter 7 we offer—in an only partly tongue-in-cheek 
presentation—a description of some major zombie water projects from the past century: 
serious proposals for massive projects to use, divert, or transfer water that died only to 
come back to life in one form or another. In short, this chapter argues that modern civili-
zation must learn that our ability to do something doesn’t mean that we actually should 
do it, especially in the field of large-scale geoengineering.

The chapters are supplemented with shorter In Brief reports on items of interest. The 
current volume includes an update on the Red Sea–Dead Sea proposals, the role of water 
in the current Syrian conflict, and a detailed update of our popular Water Conflict Chro-
nology, with entries through the end of 2012. The chronology offers historical examples 
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of conflicts related to water going back millennia, and it is also available in a flexible 
and useful format online at http://www.worldwater.org, where readers can sort water 
conflicts by time, location, type of conflict, and more and see the results in active maps.

We provide in the back of volume 8 a complete table of contents and integrated index 
across all previous volumes, to help readers find information in the earlier editions that 
might be useful or relevant in their research or other efforts.

Finally, The World’s Water again offers a wide variety of important, useful, and popular 
data on water in a series of data tables. In this volume we present updated data on water 
supply and use by country, the latest progress (or lack thereof) toward the Millennium 
Development Goals for water and sanitation, runoff data for the world’s largest and most 
important rivers, irrigation data, estimates of funding for water from overseas develop-
ment agencies, tables on water footprints of consumption, and more.

If there is any good news, it is that water is receiving more attention from policy mak-
ers, scientists, the media, and members of the public. Education and awareness are key 
steps in moving toward implementing smart and effective solutions. We are happy to 
think we are playing even a small role.

Special thanks to all of my coauthors, both within the Pacific Institute and outside 
with partner organizations. This project continues to benefit from the support of Island 
Press, including Emily Davis, my new(ish) editor. Thank you, Emily, for your help getting 
this latest volume out the door!

Peter H. Gleick
Oakland, California, 2013
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Global Water Governance in the 

Twenty-First Century
Heather Cooley, Newsha Ajami, Mai-Lan Ha, Veena Srinivasan,  
Jason Morrison, Kristina Donnelly, and Juliet Christian-Smith

Growing pressure on the world’s water resources is having major impacts on our social 
and economic well-being. Even as the planet’s endowment of water is expected to re-
main constant, human appropriation of water, already at 50 percent by some measures, 
is expected to increase further (Postel et al. 1996). Pressures on water resources are likely 
to worsen in response to population growth, shifts toward more meat-based diets, cli-
mate change, and other challenges. Moreover, the world’s water is increasingly becoming 
degraded in quality, raising the cost of treatment and threatening human and ecosystem 
health (Palaniappan et al. 2010). Furthermore, the physical availability of freshwater re-
sources does not guarantee that a safe, affordable water supply is available to all. At least 
780 million people do not have access to clean drinking water, some 2.5 billion people 
lack access to safe sanitation systems, and 2–5 million people—mainly children—die as 
a result of preventable water-related diseases every year (Gleick 2002; UN 2009; WHO 
and UNICEF 2012).

There is growing recognition that the scope and complexity of water-related chal-
lenges extend beyond national and regional boundaries and therefore cannot be ade-
quately addressed solely by national or regional policies. In a recent report, the United 
Nations notes that “water has long ceased to be solely a local issue” (UN 2012a, 40). In 
particular, widespread water scarcity and lack of access to water supply and sanitation 
threaten socioeconomic development and national security for countries around the 
world. Additionally, people around the world share and exchange water directly and in-
directly through natural hydrologic units and systems and through global trade (i.e., “vir-
tual water,” discussed below). Furthermore, climate change and the growing presence of 
multinational companies within the water sector play a role in globalizing water issues 
(Hoekstra 2006).

Over the past sixty years, a number of efforts have sought to address the many chal-
lenges facing the water sector. Early efforts to address these challenges were almost en-
tirely based on developing large-scale physical infrastructure, such as dams and reser-
voirs, to produce new water supplies. Amid a growing recognition that technology and 
infrastructure alone were not sufficient to address persistent water management con-
cerns, discourse about water governance began to emerge in the early 1990s. In its first 
World Water Development Report, the United Nations strongly stated that the “water 
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crisis is essentially a crisis of governance and societies are facing a number of social, 
economic and political challenges on how to govern water more effectively” (UN 2003b, 
370). In this chapter, we describe some of the major global water challenges and identify 
key deficiencies in global water governance in addressing these challenges. We conclude 
with several recommendations for improving global water governance in order to better 
address major water concerns in the twenty-first century.

Global Water Challenges
As described below, the scope and complexity of water-related challenges extend beyond 
traditional national and regional boundaries. Such challenges require broader thinking 
and more comprehensive solutions.

Water Scarcity
Water scarcity is a major challenge, affecting every continent around the world. Water 
scarcity occurs when water demand nears (or exceeds) the available water supply. Sever-
al groups, including the World Resources Institute and the International Water Manage-
ment Institute (IWMI), have developed tools to promote a better understanding of where 
and how water risks are emerging around the world. The IWMI, for example, estimates 
that 1.2 billion people—nearly 20 percent of the world’s population—live in areas of 
physical water scarcity, where water withdrawals for agriculture, industry, and domestic 
purposes exceed 75 percent of river flows. An additional 500 million people live in areas 
approaching physical scarcity. Another 1.6 billion people live in areas of economic water 
scarcity, where water is available but human capacity or financial resources limit access. 
In these areas, adequate infrastructure may not be available or, if water is available, its 
distribution may be inequitable (IWMI 2007).

But water scarcity isn’t solely a natural phenomenon; it’s also a human one. Numerous 
human activities—such as untimely water use, pollution, insufficient or poorly main-
tained infrastructure, and inadequate management systems—can result in or exacerbate 
water scarcity. As noted by the United Nations, there are adequate water resources to 
meet our needs, but water “is distributed unevenly and too much of it is wasted, polluted 
and unsustainably managed” (UN 2012b).

Widespread declines in groundwater levels are one symptom of water scarcity. 
Groundwater is an important source of freshwater in many parts of the world. Some ar-
eas, however, have become overly dependent on groundwater supplies. In the past two 
decades, advances in well-drilling techniques have significantly reduced the cost of ex-
tracting groundwater. Driven, in part, by these technological advancements, ground-
water withdrawals have tripled over the past fifty years (UN 2012a). In some areas, the 
rate of groundwater extraction now consistently exceeds natural recharge rates, causing 
widespread depletion and declining groundwater levels. A recent analysis of ground-
water extraction by hydrologist Yoshihide Wada and colleagues (2010) finds that deple-
tion rates doubled between 1960 and 2000 and are especially high in parts of China, In-
dia, and the United States. Much of the groundwater extracted supports agriculture (67 
percent), although it is also used for domestic (22 percent) and industrial (11 percent)  
purposes.
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Water Quality
While most water assessments emphasize water quantity, water quality is also critical 
for satisfying basic human and environmental needs. The quality of the world’s water is 
under increasing threat as a result of population growth, expanding industrial and agri-
cultural activities, and climate change. Poor water quality threatens human and ecosys-
tem health, increases water treatment costs, and reduces the availability of safe water for 
drinking and other uses (Palaniappan et al. 2010). It also limits economic productivity 
and development opportunities. Indeed, the United Nations finds that “water quality is 
a global concern as risks of degradation translate directly into social and economic im-
pacts” (UN 2012a, 403).

Water quality concerns are widespread, although the true extent of the problem remains 
unknown. In developing countries, an estimated 90 percent of sewage and 70 percent of 
industrial waste is discharged into waterways without any treatment at all (UN 2003a). 
Asian rivers are the most polluted in the world, and bacteria levels from human waste in 
these rivers are three times higher than the global average. Moreover, lead levels in these  
rivers are twenty times more than in rivers in industrialized countries (UNESCO 2005).

Drinking Water and Sanitation Access

The failure to provide safe drinking water and adequate sanitation services to all people 
is perhaps the greatest development failure of the twentieth century. In an attempt to 
remedy this failure, the United Nations established the Millennium Development Goals 
(MDGs), eight targets designed to tackle extreme poverty. At the direction of United Na-
tions member countries, UN organizations and multilateral and bilateral development 
agencies have been working to achieve these goals by the year 2015. While many of the 
MDGs are widely acknowledged to be associated with water, including those related to 
improving gender equality and reducing child mortality, Target 7.C specifically aims to 
reduce by half the proportion of the population without sustainable access to safe drink-
ing water and basic sanitation by 2015. Although not without their critics, the MDGs 
have served to highlight the importance of water, sanitation, and hygiene in improving 
health and economic opportunities (UN 2012a).

By UN measures (which are acknowledged to have important limitations), significant 
progress has been made in improving access to drinking water. In 1990, 76 percent of 
the global population had access to an “improved drinking water source”—defined as 
one that, by nature of its construction or through active intervention, is likely to be pro-
tected from outside contamination, in particular from contamination with fecal mat-
ter—whereas by 2010, this number had grown to 89 percent (WHO and UNICEF 2012). 
The global population as a whole is on track to meet the MDG drinking water target; 
however, global aggregates hide large regional disparities. For example, while India and 
China have made significant progress, sub-Saharan Africa, where only 61 percent of 
the population has access to an improved water source, is unlikely to achieve the MDG 
drinking water target. Additionally, coverage in the least developed countries is worse 
than in other developing countries. Finally, even within countries, there are disparities 
between urban and rural communities and between the rich and the poor (WHO and 
UNICEF 2012).

Despite this progress, access to an improved drinking water source remains out of 
reach for many people. An estimated 780 million people do not have access to basic 
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water service (WHO and UNICEF 2012). Additionally, the MDG drinking water target is 
based on access to an improved supply of water with little or no consideration of wheth-
er the water is affordable, whether the water is safe for consumption, or whether that 
access is being maintained over time. For example, naturally occurring arsenic pollution 
in groundwater affects nearly 140 million people in seventy countries on all continents 
(UN 2009). In Bangladesh alone, nearly 70 million people are exposed to groundwater 
contaminated with arsenic beyond the recommended limits of the World Health Organi-
zation (UN 2009).

Far less progress has been made in achieving the MDG sanitation targets. In 1990, 
nearly half of the global population had access to improved sanitation. By 2010, the per-
centage of people with access to improved sanitation had increased to 63 percent. An 
estimated 2.5 billion people still lack access to improved sanitation (WHO and UNICEF 
2012). The global population is not on track to meet the sanitation target, and coverage is 
especially low in sub-Saharan Africa and in southern Asia.

Water and Ecosystems
Freshwater ecosystems are among the most extensively altered systems on Earth. Rivers, 
streams, and lakes have been subjected to chemical, physical, and biological alteration 
as a result of large-scale water diversions, introduction of invasive species, overharvest-
ing, pollution, and climate change (Carpenter et al. 2011). An estimated 20–35 percent 
of freshwater fish are vulnerable or endangered, mostly because of habitat alteration, 
although pollution, invasive species, and overharvesting are also to blame (Cosgrove 
and Rijsberman 2000). About half of the world’s wetlands have been lost since 1900, and 
much of the remaining wetland area is degraded (Zedler and Kercher 2005). Freshwater 
ecosystem conditions are likely to continue to decline unless action is taken to address 
acute threats and better manage freshwater resources.

Globalization and Virtual Water Flows
Globalization is characterized by the production and movement of goods and services 
around the world, and water is a key ingredient, either directly or indirectly, in almost 
every good produced. Consequently, the movement of goods effectively results in the 
movement of water around the world. Existing patterns of trade, however, are not neces-
sarily water efficient. Many factors are at play when global trade decisions are made, and 
water is rarely one of them. The concept of “virtual water”—the water embedded in the 
production of food and other products—has been introduced as a way to evaluate the 
role of trade in distributing water resources. Some have argued that by allowing those 
living in water-scarce regions to meet some of their water needs through the import of 
water-intensive goods, international trade can provide a mechanism to improve global 
water-use efficiency (Allan 1993). Others, however, have posited that it simply external-
izes the environmental burden of producing a particular product. In any case, the facts 
suggest that countries’ relative water endowments are not dictating global trade patterns. 
Indeed, three of the world’s top ten food exporters are considered water scarce, and three 
of the top ten food importers are water rich (World Economic Forum Water Initiative 
2011). Furthermore, globalization increases dependence on others for essential goods 
and increases vulnerability to external water scarcity (Hoekstra and Mekonnen 2012).
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Climate Change
Rising concentrations of greenhouse gases resulting from human activities are causing 
large-scale changes to Earth’s climate. These climatic changes will have major implica-
tions for global water resources. As temperatures rise, the flows of water in the hydro-
logic cycle will accelerate. In short, climate change will intensify the water cycle, alter-
ing water availability, timing, quality, and demand. Indeed, all of the major international 
and national assessments of climate change have concluded that freshwater systems are 
among the most vulnerable, presenting risk for all sectors of society (Compagnucci et 
al. 2001; SEG 2007; Kundzewicz et al. 2007; Bates et al. 2008; USGCRP 2013). A techni-
cal report on freshwater resources released in 2008 by the Intergovernmental Panel on 
Climate Change (IPCC) concludes that “water and its availability and quality will be the 
main pressures on, and issues for, societies and the environment under climate change” 
(Bates et al. 2008).

A community’s vulnerability to climate change will depend upon the magnitude 
of the impact and the community’s sensitivity and adaptive capacity. As noted by  
Kenneth D. Frederick of Resources for the Future and Peter H. Gleick of the Pacific In-
stitute (1999), “the socioeconomic impacts of floods, droughts, and climate and non-
climate factors affecting the supply and demand for water will depend in large part on 
how society adapts.” The poor and those living in developing countries are the most vul-
nerable because they have fewer social, technological, and financial resources to enable 
them to adapt (UNFCCC 2007).

Water-Energy-Food Nexus
Throughout the twentieth century, the close connections between water, energy, and 
food were largely unknown or were ignored in policy decision making. Water, energy, and 
food systems, and the governance institutions set up to manage them, were often sepa-
rated by well-defined silos, and managers rarely communicated with one another. Water 
systems were often designed and constructed with the assumption that energy would 
be cheap and abundant, and energy systems were designed and constructed with the 
assumption that water would be cheap and abundant. Likewise, food systems have been 
operated as though neither the cost nor the availability of water and energy would con-
strain production. We now understand that this is no longer true: these critical resources 
are closely interconnected, and a growing interest in the water-energy-food nexus high-
lights the need to better understand and manage these interdependencies:

 • Agriculture is a major user of water, accounting for 70 percent of all fresh-
water withdrawals. Agriculture is also a major user of energy, and food 
prices are sensitive to energy prices and policies on fertilizers, pesticides, 
and transportation to distribute products. Meeting the food and fiber  
demands of a growing population that is simultaneously shifting toward a 
more water-intensive diet will require a rethinking of how water is used.

 • Energy is a major user of water. In the United States, for example, thermo-
electric power plants account for nearly 50 percent of all freshwater with-
drawals (Kenny et al. 2009). Newly proposed energy sources, such as 
biofuels, are placing additional strains on local water resources and global 
food systems.
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 • Large amounts of energy are required to capture, treat, distribute, and use 
water. Population growth and climate change are prompting some to con-
sider importing water over longer distances, accessing groundwater from 
greater depths, or developing more marginal, lower-quality supplies that 
require extensive treatment.

Failure to consider these linkages in policy and decision making can lead to unintend-
ed consequences. Biofuels, for example, have emerged as an alternative to traditional, 
fossil-fuel-based energy sources, and many governments have instituted mandates and 
incentives to promote biofuel development. The European Union has committed to con-
verting 10 percent of its transportation fuel to biofuels by 2020 (UN 2012a). In 2009–2010, 
nearly 40 percent of domestic corn use in the United States was for fuel (USDA 2010). 
However, first-generation biofuels, which represent the vast majority of biofuels pro-
duced today, are water and chemical intensive, and their development increases pol-
lution of and competition for limited water resources. Additionally, biofuels compete 
with food crops for land and water resources, contributing to increased food prices and 
threats to food security. The impacts of increasing biofuel production make it clear that 
national decision making is linked to global agricultural output, food prices, and water 
availability.

The Emergence of Global Water Governance
The importance of governance as a key factor in addressing water-related challenges be-
gan to emerge in the late twentieth century amid a growing recognition that technology 
and infrastructure alone were not sufficient to address persistent water management 
concerns. Indeed, in its first World Water Development Report, the United Nations issued 
a strongly worded statement that the “water crisis is essentially a crisis of governance 
and societies are facing a number of social, economic and political challenges on how to 
govern water more effectively” (UN 2003b). Early water governance efforts emphasized 
the local and regional scales, in part because water challenges were largely perceived as 
local issues. But the scope and complexity of water challenges, as described above, high-
light the need for a more comprehensive and coordinated global effort.

Despite the need, discussions about global water governance have been limited. One 
of the few definitions of global water governance comes from a 2008 study that defines 
it as “the development and implementation of norms, principles, rules, incentives, in-
formative tools, and infrastructure to promote a change in the behavior of actors at the 
global level in the area of water governance” (Pahl-Wostl et al. 2008, 422). Thus, global 
water governance focuses on the processes of international cooperation and multilat-
eralism. It comprises formal and informal instruments—including global governmental 
and nongovernmental organizations, regimes, actors, frameworks, and agreements—
created to balance interests and meet global water challenges that span national and 
regional boundaries. It informs the way challenges are tackled (or not) at the regional 
and international levels by various players (from governmental bodies to civil society 
organizations) and suggests opportunities for, and barriers to, meeting global objectives. 
Global water governance also facilitates interaction and dialogue among key players to 
inform the development of solutions to problems at local, national, and regional levels 
to ease global pressures.
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Evaluating the Effectiveness of Global Water Governance Today
Current global water governance systems were established during a time when ap-
proaches to water resource development and management differed from those encoun-
tered today (Jury and Vaux 2007). Persistent and emerging water challenges suggest that 
an assessment is needed to determine how global water governance efforts can be im-
proved to more effectively address twenty-first-century water challenges and to leverage 
opportunities afforded by new thinking and innovative technologies. We describe below 
some key deficiencies and recommend ways in which governance can be improved to 
better address major freshwater concerns.

Intergovernmental Organizations Lack Clear Leadership and Coordination

A large number of organizations exist to address water challenges at various scales—par-
ticularly the United Nations system, multilateral lending institutions, and regional basin 
organizations—all working on different aspects of water management and service de-
livery. While global summits and forums have helped to identify major challenges and 
issue areas, implementation of coherent action is hampered by differing agendas among 
organizations and agencies that overlap in some areas but not in others.

At the international level, leadership and coordinated action within the water sector 
could emerge from the United Nations’ system of agencies and programs. UN-Water 
was created in 2003 to serve as the interagency coordinating mechanism to promote 
coherence and coordination of UN system actions and other nontraditional partners 
and stakeholders (e.g., public and private sectors and civil society) related to the imple-
mentation of the international agenda defined by the Millennium Declaration and the 
World Summit on Sustainable Development. UN-Water, however, has several deficien-
cies. In particular, it “does not have a strong mandate,” nor does it make centralized poli-
cies (Pahl-Wostl et al. 2008, 427). UN-Water also has its own areas of focus (water and 
climate change, water quality, water supply and sanitation, and transboundary water), 
which fail to address the full range of water-related challenges. Additionally, inadequate 
personnel and funding hamper UN-Water’s goal of promoting collaboration among the 
various agencies and programs that focus on different water-related issues and challeng-
es, among them the United Nations Educational, Scientific, and Cultural Organization 
(UNESCO), the United Nations Environment Programme (UNEP), the United Nations 
Children’s Fund (UNICEF), the United Nations Development Programme (UNDP), the 
Food and Agriculture Organization of the United Nations (FAO), the World Health Orga-
nization (WHO), and the World Meteorological Organization (WMO).

The lack of clear leadership manifests itself in several ways. In particular, bilateral 
funding agencies are more likely to focus their efforts on their own priorities. For exam-
ple, the German development agency GIZ has spent considerable resources on address-
ing the food-water-energy nexus, climate change, and access to water and sanitation. 
The US Agency for International Development (USAID), on the other hand, is focused 
on biodiversity, food security, climate change, and water access and sanitation. While all 
of these efforts are aligned with global priorities, lack of coordination can hinder their 
effectiveness.
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Recommendation: Secure a Sustainable Funding Source and a Stronger 
Mandate for Coordinating Intergovernmental Organizations

The global nature of water-related challenges requires clear leadership and coordination. 
Intergovernmental agreements produced at world summits and forums require effec-
tive intergovernmental organizations to play the leading role in coordinating action. The 
United Nations system, as the sole global governance organization with the legitimacy 
and authority of member governments, must lead. UN-Water offers a potential starting 
point, given its existing mandate to coordinate action. To fulfill its mission, however, it 
(or any other intergovernmental mechanism established to coordinate action) must be 
given the resources and an empowered mandate to do so. This requires governments to 
fulfill pledges made at previous UN summits (such as the 2002 World Summit on Sus-
tainable Development, or Johannesburg Summit) to ensure that financial resources are 
made available. It also requires political will from the United Nations to provide a stron-
ger mandate for the organization and the ability to overcome traditional interagency ri-
valry that hampers cooperation.

Recommendation: Promote Greater Collaboration to Build Understanding and 
Coordinate Action

To effectively address the interlinked nature of the problems, it is imperative that water-
related action be led not from within a silo but rather with a deep understanding of the 
cross-sector issues—for example, taking into consideration development, energy, bio-
diversity, climate change, food security, and more. Building this understanding requires 
close, continuous collaboration among the different organizations and individuals in-
volved. UN-Water’s 2013 theme of international cooperation is a positive step in that 
direction. Government-led efforts to encourage participation by actors through multi-
stakeholder processes (such as the parallel meetings at Rio+20, the 2012 United Nations 
Conference on Sustainable Development) are key to promoting this collaboration. Like-
wise, the United Nations’ current approach to developing the new Sustainable Develop-
ment Goals is an encouraging development. By instituting a process that brings together 
development agencies, civil society groups, and the private sector to define water-related  
goals and potential actions, the UN approach promotes better understanding, which can 
lead to more coordinated action and better outcomes.

The Role of Nongovernmental Actors Is Expanding

Today, a study of global governance cannot be limited to merely governmental or inter-
governmental processes. The rise and influence of a broad range of new actors, with their 
own sources of authority and power, are indicative of a more complicated global gover-
nance structure. These actors, who come from the private, nongovernmental, academic, 
and media sectors, act independently or, increasingly, in networks to bring about new 
thinking and solutions. These new global actors have fostered innovation and performed 
important functions, such as serving as watchdogs of governmental and private sector 
activities within the water sector. However, concerns have been raised about some who 
are engaged in public policy, particularly regarding their legitimacy, accountability, and 
relationship with existing public governance structures. For example, some of these new 
initiatives may be undermining government-led efforts, operating outside of local priori-
ties, or, in the case of some privately led initiatives, engaging in policy capture (see, e.g., 
the discussion of corporate actions regarding water in chapter 2 of this volume). Their 
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centers of authority or the constituencies for whom they speak has also been a subject 
of debate. Although it is clear that these actors will continue to play an important role in 
global water governance, efforts should be made to understand what their role should be 
and their relationship with government-led efforts.

Recommendation: Explore and Develop Guidelines and Principles to Help 
Govern Nongovernmental Processes

As more parties become involved, effort is needed to better understand and define the 
roles and responsibilities of each in order to leverage unique capabilities. For entities 
that are actively engaging in areas that are in the traditional realm of governments, clear 
guidance as to how these new processes should interact with existing processes is need-
ed. Realizing that these processes can potentially undermine one another, some organi-
zations, such as the United Nations’ CEO Water Mandate, have developed guidelines and 
principles to govern how the private sector engages in water policy (see, e.g., Morrison et 
al. 2010). More efforts like these are needed to ensure that civil society and private sector 
efforts and initiatives complement existing government-led processes where possible.

Some potential overarching principles developed for sustainability standards systems 
(many of which are global action networks, or GANs) that could serve as starting points 
for further exploration include the following (Ward and Ha 2012):

Respect the unique roles of governments and states.

Engage public sector actors.

Support sharing of information and resources with public sector actors.

Build on existing public sector and international norms.

Assess and review the range of public sector implications and relationships.

Water Sector Funding Is Inadequate and Too Narrowly Focused

The international community, including the major economies and international organi-
zations, has played a significant role in funding water sector improvements, especially 
in developing countries. Yet funding remains limited and too narrowly focused. Funding 
commitments made by major economies at the 2002 Johannesburg Summit and among 
the Group of Eight countries have thus far not materialized. Additionally, a recent survey 
conducted by the World Health Organization (2012) finds that overall funding for the wa-
ter sector is low—and is skewed toward capital expenditures for drinking water systems 
in urban areas. Expenditures for sanitation, operation and maintenance costs, and rural 
systems are much lower.

Recommendation: Develop Financing Mechanisms to Support Ongoing 
Operation and Maintenance Costs

Funding is needed to support ongoing operation and maintenance costs of water in-
frastructure. Available funding is insufficient to operate and maintain the existing infra-
structure or to support the people and institutions needed to manage it effectively. As a 
result, systems are poorly managed or fall into disrepair, increasing the long-term costs. 
Additional funding is needed to support the ongoing operation and maintenance of new 
and existing water-related infrastructure.
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New Funders Often Fail to Abide by Environmental and Social  
Lending Standards

For much of the twentieth century, the World Bank, the Asian Development Bank, inter-
governmental agencies, and bilateral donors were the main funders of large-scale infra-
structure in the developing world. In recent years, new economic realities and players 
have emerged. Commercial banks and energy and construction companies in the global 
South are playing an increasingly important role and are fundamentally changing wa-
ter resource management. For instance, Pacific Environment’s China program director, 
Kristen McDonald, and her colleagues reported in 2009 that Chinese financial institu-
tions, state-owned enterprises, and private firms were involved in at least ninety-three 
major dam projects overseas. These and other new players—predominantly energy and 
construction companies from Thailand, Vietnam, China, Russia, and Malaysia—had 
not adopted internationally accepted environmental and social lending standards and 
norms. Furthermore, these new funders forced the World Bank and the Asian Develop-
ment Bank to reconfigure their own lending practices to further dilute their environmen-
tal and social safeguards (Molle et al. 2009).

Recommendation: Establish New Lending Standards and  
Compliance Strategies

Commercial banks and energy and construction companies play an increasingly impor-
tant role in financing water resource development projects. In the case of dam construc-
tion, for example, these new players do not meet even the World Bank’s standards—which 
are already weaker than the recommendations of the World Commission on Dams. The 
failure to abide by social and environmental lending standards poses a threat to local 
environmental and social systems. New environmental and social lending standards are 
needed to ensure that lending promotes sustainable development objectives. The new 
players, along with civil society organizations, should be included in crafting and design-
ing these new standards in order to ensure compliance.

Knowledge and Technology Transfer Efforts Remain Largely Top-Down

Over the past several decades, water-related knowledge and technological innovation 
have grown tremendously, with new techniques and ideas emerging from governmental 
bodies, independent research institutions, and academic bodies around the world. The 
challenge lies in getting this knowledge and technology to places that can implement 
them. Intergovernmental processes to foster technology and knowledge transfers—
mainly through forums such as the annual Water Environment Federation Technical 
Exhibition and Conference (WEFTEC) and the like—have predominantly been in a top-
down manner. There is growing recognition, however, that even innovative technologies 
that are thought to be highly effective may not be appropriate everywhere. Each technol-
ogy is developed and crafted according to local circumstances, which can differ dramati-
cally from one region to another. As a result, an off-the-shelf approach to technology and 
knowledge transfers may not lead to the desired outcome or may lead to unintended con-
sequences. Implementation of Green Revolution concepts to industrialize agriculture in 
the Punjab region of India provides an example of a top-down, single-focus transfer of 
knowledge and technology that has led to several unintended consequences, including 
groundwater overdraft in some areas. Today, the state of Punjab is trying to manage these 
problems by revisiting and reforming state agricultural policy and regulations using a 
more bottom-up technology and knowledge transfer approach (Tiwana et al. 2007).
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Recommendation: Promote Open-Access Knowledge Transfer

Over the past few decades, there has been tremendous growth in the technologies avail-
able for transferring knowledge and information. Geospatial technologies, the Internet, 
and mobile devices are just a few of the technologies available to improve communi-
cation. Although reliance on such technologies must be carefully considered, given the 
global variations in their application and use, they can provide tremendous opportunity 
for new ways of getting information to water users and of connecting water stakehold-
ers and researchers with one another and with decision makers. Global institutions can 
play an important role in facilitating the use and distribution of these new technologies. 
Extending access to new and emerging scientific findings can enable and empower the 
local research community to better understand and identify local problems and design 
or demand specific solutions to improve local water governance (Jury and Vaux 2005; 
Hutchings et al. 2012). There is also a need for better communication of complicated sci-
entific knowledge to policy makers and decision makers in order to influence develop-
ment of comprehensive management strategies and inform the policy-making process.

Recommendation: Facilitate Effective Technology Transfer by Engaging Local 
Communities in the Decision-Making Process

Empowering local communities to identify their water issues and solutions allows them 
to select an approach that more closely aligns with their social and cultural realities. On-
site education and capacity building play a major role in facilitating successful and effec-
tive bottom-up or horizontal technology and knowledge transfer. Especially in regions 
with very limited access to and understanding of state-of-the-art technological solu-
tions, or with limited institutional capacity to provide local technological training, inter-
national institutions such as the UNESCO-IHE Institute for Water Education can foster 
capacity building and educational efforts to facilitate implementation and operational 
learning of imported technologies. Also, continuous monitoring and performance as-
sessment of a transferred technology can provide an opportunity to adjust and calibrate 
implementation and operational processes to prevent undesirable outcomes. Global in-
stitutions can also facilitate focused research and development investment, especially 
by those in the developed world with financial resources, to advance technologies and 
make them more accessible to the developing world.

Recommendation: Improve Understanding and Communication of Risk and 
Uncertainty

Some uncertainty inherent in hydrologic and water resource management systems is 
unavoidable. Yet the development of management practices and strategies relies heav-
ily on future supply and demand predictions, which are fraught with uncertainty. Wa-
ter resource managers around the world use various supply and demand predictions in 
their decision-making processes. A better understanding of the uncertainties and risks 
associated with them can lead to the development of more effective planning and man-
agement strategies that reflect these limitations. New decision support tools should in-
clude an uncertainty assessment component, which would offer an array of decisions 
and the uncertainties and risks associated with them in order to provide an opportunity 
for adaptive and flexible management approaches. Effective communication of these 
uncertainties and risks to policy makers and the general public is also an important ele-
ment of adaptive and flexible water resource management practice (UN 2012a).
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Data Collection Efforts Are Inadequate

Good data and ongoing monitoring activities are the cornerstones of effective water 
management and governance. We live in an information era, and vast amounts of water 
data are collected in different ways and at a variety of temporal and spatial scales, from 
local stream gauges to global satellites. Current attempts at information sharing, such as 
UN-Water’s Activity Information System, Documentation Center, and Key Water Indica-
tor Portal, provide key data necessary to tackle the water challenges identified earlier. 
Despite these improvements, there are still regions lacking basic water data and infor-
mation. Even when the data are collected, they are often not widely available or their 
quality is poor. Efforts are needed to improve the collection, compilation, and reporting 
of comprehensive water-related data.

Recommendation: Develop a Centralized Global Water Data Portal

The rational management of water is predicated on the availability of comprehensive 
data. Capacity needs to be developed in all countries to collect, manage, and analyze 
water information. Some of the key data needed include precipitation, runoff, virtual 
water flows, groundwater levels, and overall water demand and supply. Where resources 
are inadequate to collect and compile these data, they should be provided through in-
ternational aid or other mechanisms. Also, as developing countries undergo economic 
transitions, monitoring and reporting need to be integrated into new laws. These efforts 
would benefit from a centralized global water portal in which to assemble the reported 
data, especially where local governments lack the financial or technological capacity to 
provide such services. Finally, international data protocols, standard data formats, and 
sharing arrangements are needed in order to increase comparability of data worldwide.

Recommendation: Leverage New Data Collection Technologies

New local data collection and monitoring efforts are emerging that engage stakeholders 
through crowdsourcing, or reporting of information through electronic devices. Mobile 
connectivity is outpacing fixed landline phones and access to computers, especially in 
many developing countries that lack telephone network infrastructures. New monitoring 
efforts that use cell phones and other RSS technologies, such as the WASH SMS Project, 
capitalize on the widespread and rapidly growing use of mobile devices throughout the 
world to facilitate the flow of information between communities, governmental entities, 
and service providers (Hutchings et al. 2012). These data can provide timely information 
on local water systems, including the availability and quality of water. Small-scale, local 
data collection and reporting efforts such as these should be encouraged.

Lack of Transparency and Accountability Limits the Effectiveness of Water Sector 
Investments and Fosters Corruption

The water sector lacks transparency and adequate participation from key stakeholders, 
especially in marginalized communities, and this in turn leads to an accountability defi-
cit and can result in ineffective or inefficient management strategies and investments. 
A 2008 report by Transparency International and the Water Integrity Network finds that 
a lack of transparency and participation contributes to rampant corruption across the 
water sector, including in water management, drinking water and sanitation service pro-
vision, irrigation, and hydropower development. The water sector is especially prone to 
corruption because of the complex system of agencies responsible for its management 
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and delivery; the growing presence of private actors and informal providers that operate 
in legal gray zones (where the actors are the de facto water service providers allowed to 
operate by governments but who may not have official license); and the large sums of 
money required for infrastructure investments. Addressing the issue is especially chal-
lenging because of the general focus within the sector on technological solutions rather 
than governance. The report further finds that the poor and most vulnerable are the most 
likely victims because they are more exposed to the informal sector (where corruption is 
more prevalent) and have limited resources and avenues to voice their concerns. This, 
in turn, exacerbates corruption because those most affected by it are unable to call for 
greater accountability (Transparency International and Water Integrity Network 2008).

Recommendation: Adopt New Standards, Codes, and Best Practices for Water 
Resource Development and Management to Promote Greater Transparency 
and Participation

Water resource development and management are guided by a series of standards, codes, 
and best practices. These standards, codes, and practices, which include both manda-
tory and voluntary initiatives, must provide a regulatory framework that brings about 
greater transparency, promotes participation and oversight to tackle corrupt practices, 
and develops best-practice guidance where regulatory frameworks are weak or poorly 
implemented. Both governments and GANs can play a key role in their formulation. For 
example, Kenya has adopted a human rights–based approach to the water sector that 
places an emphasis on transparency and participation. Likewise, the United Nations’ 
CEO Water Mandate released its Corporate Water Disclosure Guidelines: Public Exposure 
Draft in an effort to promote greater transparency in the private sector’s water use and 
allow stakeholders to better evaluate this use. These efforts are encouraging; however, 
more can and should be done.

Recommendation: Promote Capacity Building and Increase Participation in 
Water Management

To bring about greater participation in water management and better implementation of 
frameworks that promote transparency, serious effort is needed to build the capacity of 
governmental officials and civil society groups, especially community-based organiza-
tions. Governments and GANs can provide technical know-how and financial resources 
to ensure that local governmental officials and community-based organizations, two 
groups with an intimate knowledge of local problems, can be key advocates for change. 
For example, the Freshwater Action Network focuses much of its effort on providing ca-
pacity building to its civil society members in order for them to engage in decision-making  
processes, call for greater transparency, and hold governmental and private sector actors 
accountable.

Recommendation: Empower Communities through Long-Term and  
Short-Term Education and Outreach Efforts

Education and outreach promote greater understanding about a particular issue and can 
help facilitate change by redefining acceptable behaviors and social norms. Knowledge 
is power; hence, it can empower communities, especially the poor and most vulnerable, 
to demand change and accountability. While education and outreach efforts often occur 
at the local level, global efforts can provide educational tools, platforms, and strategies 
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for planning effective educational programs. For example, the UNESCO-IHE Institute 
for Water Education, established in the Netherlands in 2003, was developed to educate 
and train professionals and build the capacity of sector organizations, knowledge cen-
ters, and other institutions in developing countries and countries in transition. These 
efforts are needed at every scale. Household- and community-scale efforts can promote 
behavioral changes, facilitate grassroots support and demand for better regulations and 
enforcement, and bring about transparency and accountability. Education and capacity 
building at larger scales can promote effective interventions at the watershed, national, 
and international levels to develop better standards, regulation, and enforcement.

There Has Been a Failure to Adopt Broad-Based Agreements on  
Transboundary Watercourses

Many rivers, lakes, and groundwater aquifers are shared by two or more nations, and 
most of the planet’s available freshwater crosses political borders, ensuring that politics 
inevitably intrude on water policy. Indeed, international river basins cover about half 
of Earth’s land surface, and about 40 percent of the world’s population relies on these 
shared water sources. Since transboundary watersheds traverse political and jurisdic-
tional lines, heterogeneous and sometimes conflicting national laws and regulatory 
frameworks make management a major challenge, particularly when no single national 
government has authority over another. As such, transboundary water management of-
ten requires the creation of international guidelines or specific agreements between ri-
parian states.

While the value of transboundary watershed treaties has regularly been demon-
strated, there are political and financial constraints that make their adoption difficult in 
many parts of the world. In 1997, the General Assembly of the United Nations adopted 
the Convention on the Law of the Non-Navigational Uses of International Watercourses. 
This UN convention sets forth principles for equitable and reasonable utilization of in-
ternational watercourses and for equitable participation. More than a decade after its 
adoption by the vast majority of the General Assembly, however, the convention has not 
yet obtained enough signatures to enable it to enter into force and effect. As of February 
22, 2013, thirty countries had ratified or acceded to the convention; thirty-five signatures 
are needed for the convention to enter into force.1

Recommendation: Bring into Force the United Nations Convention on the Law 
of the Non-Navigational Uses of International Watercourses

As much as we hope that treaties will be developed in all transboundary watersheds to 
foster cooperation and collaboration among all riparian states, political and financial 
constraints make this difficult in many areas of the world. Therefore, adopting an effec-
tive international legal framework is a critical step in addressing future challenges. The 
1997 United Nations Convention on the Law of the Non-Navigational Uses of Interna-
tional Watercourses represents an important contribution to the strengthening of the 
rule of law regarding the protection and preservation of international watercourses, and 
it should be brought into force.

1. See International Water Law Project, Status of the Watercourse Convention as of 22 February 2013, http://
www.internationalwaterlaw.org/documents/intldocs/watercourse_status.html.
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Existing Interbasin Agreements Lack Flexibility

Global climate change will pose a wide range of challenges to freshwater resources, alter-
ing water quantity, water quality, and system operations and imposing new governance 
complications. For countries whose watersheds and river basins lie wholly within their 
own political boundaries, adapting to increasingly severe climatic variability and chang-
es will be difficult enough. When those water resources cross borders and implicate mul-
tiple political entities and actors, sustainable management of shared water resources 
in a changing climate will be especially difficult and will require active coordination, 
engagement, and participation of all the actors sharing the basin. In particular, most 
transboundary water agreements are based on the assumption that future water supply 
and quality will not change. Moreover, most treaties and international agreements fail 
to include adequate mechanisms for addressing changing social, economic, or climate 
conditions (for an early analysis of this problem, see Goldenman 1990 and Gleick 2000).

Recommendation: Improve Flexibility of Existing Interbasin Agreements

No two water treaties are the same. Each is developed under unique circumstances, ad-
dresses different concerns, and has a particular set of constraints. Additionally, climate 
change will affect each basin differently. As a result, each treaty must be evaluated to 
determine what flexibility mechanisms currently exist and where significant vulnerabili-
ties remain. This process should be started before a problem arises so as to improve the 
atmosphere for cooperation and negotiation. Additionally, transboundary watershed 
countries should consider incorporating provisions into existing treaties to allow for 
greater flexibility in the face of change, including (1) creation of flexible allocation strate-
gies and water quality criteria; (2) agreement on response strategies for extreme events, 
such as floods and drought; (3) development of clear amendment and review procedures 
to allow for changing hydrologic, social, and climatic conditions or in response to new 
scientific knowledge; and (4) establishment of joint management institutions that can, 
for example, facilitate a climate vulnerability and adaptation assessment (Cooley and 
Gleick 2011).

Conclusions
Throughout the twentieth century, water governance efforts emphasized the local and 
regional scales, in part because water challenges were largely perceived as local issues. 
However, there is growing recognition that the scope and complexity of water-related 
challenges extend beyond national and regional boundaries and therefore cannot be ad-
equately addressed solely by national or regional policies. Discussions about global wa-
ter governance, however, have been limited. Water governance studies that have taken 
a broader perspective have largely focused on transboundary water resources. Global 
water governance has also been discussed within the context of other, more prominent 
global governance challenges (notably climate change and energy) and within discus-
sions of global development objectives. However, there has been little to no discussion 
about global water governance that looks more holistically at global water challenges 
and the structures and approaches needed to meet these challenges.
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In this chapter, we have defined global water governance, identified key deficiencies 
in global water governance, and offered recommendations for how it can be improved to 
better address major water concerns in the twenty-first century. We noted that the global 
dimensions of water governance are difficult and complex issues. Such governance and 
the institutional structures that accompany it are complicated by local, regional, and  
national factors. Indeed, there is no single practice or policy that will “solve” the water 
challenges facing the world today. This chapter, however, provides several paths forward 
to more efficient and effective water governance in an effort to promote a more robust 
and sustainable approach to solving water problems in the twenty-first century.
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Shared Risks and Interests
The Case for Private Sector Engagement in Water Policy 
and Management

Peter Schulte, Stuart Orr, and Jason Morrison

Some practitioners have suggested there is a strong business case for companies to ad-
vance sustainable water management in their operations, supply chain, and society more 
broadly. The concept of “shared risk” articulates that the conditions that drive water risks 
for industry also create risk for other segments of society and that there is a shared in-
terest across sectors in more sustainable water management and robust water gover-
nance processes. Others have challenged the legitimacy of this concept, citing inherent 
conflicts between corporate and other societal uses of water and a history of corporate 
policies that prioritize profit over the public interest. This chapter explores this debate. 
In doing so, it strives to demonstrate shared interest among sectors and an opportunity 
for companies to contribute to sustainable water management, but it also acknowledges 
that there are indeed conflicting interests that pose real threats to the public interest. 
Though there is significant potential for a more progressive and enlightened corporate 
stance in the ways companies view and advance public interest goals, we are surely only 
at the beginning of this paradigm shift. Ultimately, this chapter aims to foster a nuanced 
debate of how the private sector can meaningfully support and facilitate strong water 
governance in ways that simultaneously improve business viability and advance the 
public interest.

Industry relies on freshwater both directly, to manufacture goods, and indirectly, in 
the production of supplies that feed industrial processes. Water is used as a solvent; to 
cool industrial processes, dilute contaminants, irrigate crops, and extract fossil fuels; 
and as a key ingredient in many products, among other uses. In response to water scar-
city and pollution, inadequate management systems, and associated challenges in a 
growing number of regions around the world, businesses are increasingly making the 
strategic decision to promote and invest in sustainable water management (CDP 2012; 
Ceres 2009). Their decisions are based on their growing understanding that water risks 
are caused not only by a company’s own water use and pollution but also by the water-
shed context in which the company operates.

Many water-intensive companies seek to improve water-use efficiency and ensure ad-
equate wastewater treatment in their operations, while others are going beyond their 
“factory fence lines” to encourage and facilitate more sustainable water management 
throughout their supply chain and to engage with the watersheds in which they operate  
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(Pegram et al. 2009; Newborne and Mason 2012; Morrison et al. 2010). They do so through 
a variety of means, including but not limited to the following (Morrison et al. 2010):

 • Facilitating water-use efficiency and pollution reduction measures of 
other actors in their watersheds

 • Advocating for efficient, equitable, and ecologically sustainable water  
policies and practices at the local, national, and international scales

 • Sharing data and information to improve public water management

 • Investing in public water infrastructure expansions or upgrades

 • Using internal facilities to meet local water supply and treatment needs

 • Using financial and technical resources to support local water institutions 
in catchment planning and management

 • Supplementing infrastructure to ensure local supply to communities and 
industry

The stated objective of these “beyond the fence line” engagement strategies, often 
collectively referred to as “policy engagement” (Morrison et al. 2010), is to reduce busi-
ness risk by supporting a stable business environment and ensuring consistent access 
to water supplies, thereby strengthening a company’s license to operate and building a 
company’s standing among its stakeholders. These efforts also seek to identify and re-
duce the company’s adverse impacts on a region’s water-related challenges. Such strate-
gies are grounded in the premise that they advance the public interest and are mutually 
beneficial to companies, their stakeholders, and other actors in the watershed. This, in 
turn, stems from the idea that many water-related risks, such as scarcity, pollution, in-
adequate infrastructure, insufficient management capacity, and climate change, affect a 
wide range of actors and are shared among companies, governments, civil society, com-
munities, and other actors (Pegram et al. 2009).

While many companies are beginning to engage in water policy as a key element of 
their water management strategies, some nongovernmental organizations (NGOs) and 
academics are calling into question whether such strategies truly advance the public in-
terest. Some, such as the Public Services International Research Unit (PSIRU), as detailed 
in its article “Conflicts, Companies, Human Rights, and Water—A Critical Review of Lo-
cal Corporate Practices and Global Corporate Initiatives,” argue that such strategies in 
reality perpetuate a history of undue corporate influence on public policy that subverts 
the public interest in favor of corporate profit (Hall and Lobina 2012). This argument is 
based largely on the following interrelated notions:

 • Companies do not have an economic incentive to promote sustainable 
conditions beyond their fence lines (apart from public relations gains).

 • Companies have an interest in weak water-related governance, which  
allows them to continue socially and environmentally harmful, yet profit-
able, practices and as such strive to undermine democratic processes.

 • Water risks are not “shared”; many issues that companies consider risks, 
namely regulation, are actually a boon to communities and ecosystems.

This chapter sets out to explore, and in some instances challenge, these notions. It 
acknowledges the real threat of corporate policy capture and greenwashing as well as the 
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inherent asymmetries in conceptions of water risk—yet raises the notion that current 
conditions offer a much greater incentive for companies to align their water-related poli-
cies and practices with the public interest than has been the case in the past. This posi-
tion is nuanced and requires careful consideration of numerous aspects of water policy, 
among them inclusiveness, transparency, and collaboration. We argue, however, that 
there is a great opportunity for companies, governments, civil society groups, communi-
ties, and others to collaborate to achieve shared water-related objectives and that this 
is a worthy endeavor if done in a way that advances the public interest and aligns with 
global sustainable development goals. This potential lies at the heart of the “shared risk 
proposition” and the prospect of better aligning water challenges as shared objectives 
with mutually beneficial outcomes, as opposed to each stakeholder “fighting its corner” 
to the detriment of the others.

It is important to note that the debate on shared risk is separate and distinct from cri-
tiques of the privatization of water service provision. The privatization debate focuses on 
the legitimacy of private sector companies (as opposed to public agencies) being tasked 
with the delivery of water services (Gleick et al. 2002). The debate being explored here, 
in contrast, focuses on the role of private companies that use large volumes of water or 
cause water pollution, or both, and as a result can either exacerbate or potentially solve 
local water-related challenges.

The Business Case for Investing in Sustainable  
Water Management
Is there an economic and strategic business case for developing sustainable water 
management strategies? There is growing evidence supporting such a case, as we dis-
cuss here. This evidence includes both direct economic advantages that can accrue to  
forward-looking companies and social and community advantages that come from pro-
actively identifying and reducing water-related risks.

Questioning the Business Incentive for Action
One critique against a private sector role in advancing sustainable water management 
suggests that companies do not have an economic incentive to do so and therefore can-
not be relied upon to fulfill this role (Hall and Lobina 2012). This argument suggests that 
company efforts to mitigate adverse impacts caused by their operations or to advance 
sustainable water management more generally—by, for example, investing in improv-
ing the water-use efficiency of other actors or facilitating aquifer recharge schemes—are 
simply greenwash; that is, they are pursued to create the appearance of a responsible 
business for public relations gains without a good faith effort to advance the public in-
terest. The PSIRU article cited earlier (Hall and Lobina 2012), referring to a Coca-Cola 
project aimed at recharging aquifers in India, states:

Although increasing recharge of aquifers is a genuine way of reducing local water stress, 

these initiatives are not sustainable ways of delivering it. The companies do not have any 

direct economic incentive to fund such recharges—the economic return is a public relations 

gain from being seen to act responsibly. In effect, the incentive for water efficiency is created 
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entirely by public campaigns against the abstractions, and by general public and political 

pressure for greater environmental responsibility.

This argument rightly implies that corporate initiatives driven purely by altruistic mo-
tives cannot be relied upon as a long-term solution to water sustainability challenges. 
There is no evidence to suggest that companies will behave in this manner consistently 
and reliably over the long term. However, this argument also suggests that corporate wa-
ter sustainability efforts are driven solely by a company’s desire to be perceived as re-
sponsible despite growing evidence to the contrary (see CDP 2012). It overlooks the wide 
range of water-related business risks that create strong economic incentives for com-
panies to invest in sustainable water management throughout their supply chains and 
in the watersheds in which they operate as a means of promoting long-term business 
viability (Pegram et al. 2009; Hepworth 2012; Ceres 2009; Larson et al. 2012). Moreover, 
it has also been shown that there can be real economic advantages to improving water-
use efficiency or reducing the volume of wastewater produced that must then be treated 
(Ceres 2009).

Unsustainable Water Conditions and Business Risk
Water-related business risks are driven as much, if not more, by unsustainable water-
shed conditions beyond a company’s fence lines, such as water scarcity or pollution, as 
they are by the company’s water-related performance (Pegram et al. 2009; Larson et al. 
2012; Morrison et al. 2010). As a case in point, an ultra-water-efficient factory located 
in a region of severe water stress or facing other water-related challenges can still face 
significant water risk. In 2012, 53 percent of Fortune Global 500 companies responding 
to a CDP questionnaire1 reported that they had experienced detrimental water-related 
impacts during the previous five years, while 68 percent identified water as a risk to their 
business (CDP 2012). This reflects trends and real incidents that are moving the goal-
posts for the way companies view their internal efforts to drive operational efficiencies—
no longer as an endgame of sustainability performance. The external basin conditions 
and contexts, where water risk ultimately resides, necessitate a broader endgame. This 
new awareness, and the reality that a business’s water-related challenges can be fully ad-
dressed only through external engagement beyond the factory fence line, are being cap-
tured under the emerging paradigm of  “water stewardship” (Hepworth and Orr 2013).

A lack of water in the most basic sense limits the amount of water a company can use 
and therefore the amount of goods it can produce. For example, in 2011, Gap Inc. cut its 
annual profit forecast by 22 percent as a result of production limitations driven by water 
shortages in Texas, India, Pakistan, and Brazil (Larson et al. 2012). Water scarcity also 
has secondary adverse impacts on business, with significant implications, for example, 
on the production of energy on which industry relies. In 2001, energy production in São 
Paulo, Brazil, was highly constrained as a result of both severe drought and governmen-
tal energy tariff policies (CLSA 2006). In order to prevent blackouts, the government im-
posed quotas aimed at reducing energy consumption by 10–35 percent. Many industries 

1. CDP (formerly called the Carbon Disclosure Project) is an NGO based in the United Kingdom that leverages 
market forces such as investors, customers, and governments to incentivize companies and cities across the 
world to measure and disclose information about their environmental and sustainability performance, 
including that related to water management.
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based in Brazil’s southeast were plagued by reductions in operational capacity, produc-
tion delays, or increased production costs (CLSA 2006). Additionally, for many industries, 
degraded ambient water quality increases the level of treatment, and therefore cost, re-
quired to purify water to appropriate levels for industrial production (JPMorgan 2008).

Societal expectations for corporate sustainability, including efficient and responsible 
water-related policies and practices, are also on the rise. Companies perceived to mis-
manage scarce water resources are likely to suffer damaged reputations, especially when 
company operations negatively affect basic human and environmental needs or contra-
vene legal requirements. Effective advocacy campaigns in India have already forced the 
Coca-Cola Company to close its plant in the village of Plachimada, Kerala, and pay $48 
million in damages because of the belief that Coca-Cola’s groundwater pumping hin-
dered communities’ ability to extract the water needed to maintain their livelihoods (In-
dia Resource Center 2010). The loss of such goodwill can be a real economic loss.

Furthermore, consumers increasingly choose products on the basis of the perceived 
sustainability and social responsibility of companies’ practices and policies. In the United  
Kingdom, expenditure on ethical goods and services has tripled in the past decade (The 
Co-Operative Bank 2009). Eighty-one percent of Koreans, 70 percent of Singaporeans, 
and nearly half of British consumers are willing to pay a premium for environmentally 
friendly products (Czarnowski 2009). Companies perceived to have better water-relat-
ed practices may thus see improved brand value and a subsequent expansion in sales. 
The Alliance for Water Stewardship’s March 2013 release of its beta standard for water 
stewardship suggests that stakeholders’ ability to assess companies with respect to the 
adequacy of their water-related activities is arriving quickly (Alliance for Water Stew-
ardship 2013). Furthermore, the financial community is increasingly seeking to invest 
in companies that are managing short- and long-term water-related risks and that are 
striving to meet stakeholders’ expectations regarding water. Shareholder resolutions on 
water—mostly focused on the food, beverage, oil, and chemical industries—more than 
quadrupled over the past ten years (Ceres 2009).

Ensuing water-related development challenges, along with the changing landscape 
of stakeholder expectations, are creating very real economic incentives for companies 
to behave in a manner that is deemed responsible. It would be shortsighted to dismiss 
these potentially paradigm-shifting levers toward corporate sustainability because they 
diverge from previous corporate actions. In the past, the pressures and the companies’ 
responses to water differed from those being pursued in today’s highly branded, global-
ized, and increasingly water-stressed world (Hepworth and Orr 2013). Instead, we should 
ask how these new levers can drive changes that benefit businesses, communities, and 
ecosystems alike and how we can avoid one-sided outcomes and greenwashing that un-
dermine such opportunities.

Do Businesses and Other Watershed Actors Have a Shared Interest 
in Robust Governance and Sustainable Water Management?
Businesses, communities, ecosystems, governments, and others may face common water- 
related challenges, but they may not share an interest in the same solutions to such chal-
lenges. Indeed, this is another core argument of those skeptical of a meaningful private 
sector role in driving more sustainable water management. Considering the notion of 
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regulatory water-related business risks, for instance, the PSIRU (Hall and Lobina 2012, 
15) contends that

for communities and ecosystems, regulation is not a risk but a positive opportunity for dem-

ocratic and peaceful limitation of competing (including corporate) behavior. By contrast, the 

[work of the United Nations’ CEO Water Mandate] has the anti-democratic implication that 

companies would be subject to less risks if there was no democratic government and no civil 

society.

This is, at least in part, a valid argument. Companies can be negatively affected by 
strict regulations that limit their activities, and thus they often consider them a business 
risk (as would, for that matter, a local smallholder farmer facing limited water alloca-
tions). The 2012 CDP Global Water Report states that 51 percent of companies consider 
“tightening withdrawal limits” a risk, while 30 percent consider “restricted water opera-
tional permits” a risk (CDP 2012). However, water-intensive companies are also nega-
tively affected by a lack of regulation on other actors in their watershed that eventually 
leads to the depletion or degradation of a shared resource. This creates a not uncommon 
scenario in which a wide range of actors using a common pool resource are threatened 
both by the possibility of their own resource use being regulated and by the unregulated 
resource use of other actors.

Regulation that is coherent and consistently applied is positive for society and reduc-
es risk to business. We live in a world where ecosystems and communities do face regula-
tory risks when government fails to regulate polluters, allocations, permits, fines, fees, 
and use, or to oversee and manage the socioeconomic trade-offs inherent in particularly 
stressed basins. Water-using companies are similarly negatively affected by such poor 
public management and oversight. The same CDP report found that 54 percent of com-
panies responding consider “regulatory uncertainty” a risk (CDP 2012). Nonetheless, for 
detractors to suggest that risks would be lower for companies if government and civil 
society were silent or absent truly misses the point. We recognize that some companies 
have a long history of polluting waterways, have failed to meet minimum legal require-
ments, or have operated where the rules of the game are poorly enforced—and that com-
panies in turn have benefited from these situations. Such companies should be exposed 
and duly penalized. Yet in even those parts of the world where the rules are most lax or 
where the issue of water pollution, for example, is most acute, things are changing. Com-
panies increasingly see higher risk where water challenges are great and effective water 
governance is not in place. Water is the one resource for which some companies actually 
seek clear and consistent regulatory signals and policies and in which coherence allows 
them to plan, protect, and avoid negative impacts (Pegram et al. 2009). As expressed in 
the 2012 CDP report, companies may indeed complain when they do not have enough 
water to operate their facilities, yet the alternative is to be exposed to wide criticism and 
fear of regulatory response, which can be draconian and reactive.

In Beilun District in the city of Ningbo, Zhejiang Province, China, the local govern-
ment is trying to balance the need for both industrial development and ecological pro-
tection. Local authorities have literally shut down more than seventy-two factories, large 
to small, that were failing to adhere to local water regulations (Shanghai Daily 2013). A 
similar picture is emerging all over the developing world, where, because of the scale of 
the issue and lack of capacity, governments are closing down facilities that breach pollu-
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tion controls. On the one hand, this solves an immediate problem, but it also creates the 
space for more engaged dialogue with companies seeking to adhere to rules and comply 
with local standards. This is especially true as corporate awareness of water-related risks 
is strengthened by information from emerging risks tools (see WRI 2013 and WWF 2013). 
It also appears that a company’s ability to ensure a license to operate—social and legal—
is increasingly predicated on its playing by formal rules and, where these are not in place, 
on adhering to the best practices defined internationally.

A Coca-Cola plant in the Indian village of Kaladera, Rajasthan, is located in a water-
shed where groundwater levels dropped from 9 to 38 meters below ground level between 
1986 and 2006, reportedly leading to increased costs for irrigation for local farmers, re-
duced availability of drinking water, and reduced milk yield (Karnani 2012). The Coca-
Cola plant, established in 1999, undoubtedly contributed to this phenomenon during 
its tenure in the watershed. However, between 1984 and 1996 the rate of decline already 
averaged 0.5 meter per year, and in 1998 the Central Ground Water Board had already 
deemed the area “overexploited,” before the Coca-Cola plant was operational (Karnani 
2012). Thus, groundwater depletion in Kaladera has coincided not only with Coca-Cola’s 
presence but also with rising water demand due to population growth, urbanization, and 
more water-intensive lifestyles (Karnani 2012). The plant employs up to 250 people and 
accounts for less than 2.7 percent of local water extraction for 70 percent of the time and 
less than 0.9 percent for 40 percent of the time (Karnani 2012). In May 2004, at its high-
est levels, the plant accounted for 8 percent of local water extraction (Karnani 2012). As a 
well-resourced and well-known actor that clearly contributes to groundwater depletion, 
Coca-Cola is deemed largely responsible for this problem by local stakeholders, who are 
calling for closure of the plant.

Arguably, the core problem to be resolved in Kaladera, and in many other places 
around the world, is not just the exploitation of water resources by one industrial water 
user but widespread overexploitation enabled by the lack of a functioning management 
regime to regulate the utilization of a limited shared resource. A robust water governance 
system (with direct regulatory oversight) would incentivize widespread water-use efficien-
cy while also denying permits to those unable to demonstrate responsible use. Coca-Cola 
has the financial and technical resources to facilitate and support such water governance. 
By contrast, shutting down the Coca-Cola plant may or may not slow the rate of ground-
water depletion. The company has also been rolling out implementation of its “water 
neutrality” policy, which includes investing in watershed projects (e.g., rainwater har-
vesting) geared toward offsetting the amount of water use in the company’s direct opera-
tion. It can be argued that closing the plant by itself would do little to solve the region’s 
systemic long-term groundwater overdraft problem as long as governmental authorities 
do not have the resources, capacity, and will to effectively manage the watershed.

Do Companies, Communities, Ecosystems, and Others Have a Shared 
Risk Driven by Water Challenges?
The belief that companies have an incentive to invest in sustainable water management 
beyond their fence lines is grounded in the concept of shared risk. Though water risks 
are often distributed unevenly, the idea that companies share a need with the public for 
reliable water services and sustainable water management is getting traction (Hepworth 
and Orr 2013; Newborne and Mason 2012). In Colombia, for example, the indigenous 
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vegetation of mountainous upland ecosystems is being cleared to make room for agri-
culture and cattle grazing. Without this vegetation, which traps water and protects soil, 
there is greater sedimentation in local waterways, on which the downstream city of Bo-
gotá relies for its water supply. In recent years, this sedimentation has severely degraded 
water quality in the area, raising treatment costs for the local water utility, residential 
users, and businesses in the area, such as SABMiller’s Bavaria. In order to address this 
shared risk, Bavaria has teamed up with The Nature Conservancy, other local NGOs, the 
Bogotá water company, and governmental agencies to remove sedimentation (Water Fu-
tures Partnership 2013).

Today in Kenya, integrated approaches to water, energy, and land are being under-
taken by a range of actors living and working in the region, including small landholders, 
major horticultural businesses, the tourism sector, and local, national, and international 
authorities. Lake Naivasha, Kenya, has experienced declines in water supply and quality 
attributed to a variety of causes. The multiple water challenges have created risks for all 
water users who rely on healthy ecosystems for their livelihoods and future. Even though 
the export farmers have improved agricultural water-use efficiency to reach record lev-
els, the cumulative effect of multiple water users had driven the lake to record low in-
flows. The consumer markets and retail companies purchasing Lake Naivasha’s produce 
faced high reputational risks because of their poor understanding of the water demands 
of their suppliers and the perceptions of their customers (ERD 2012). The concept of 
shared risk was used to bring users together to work closely on joint action plans, fund-
ing local water-user associations, promoting and setting up reallocation plans, and cre-
ating incentives for government to better protect and manage the lake. These outcomes, 
supported and largely driven by the private sector, have been integral in advancing more 
sustainable management of the region. The underlying shared need for effective gover-
nance of the lake has united the stakeholders (WWF 2012). The Lake Naivasha example 
illustrates that while the criticism of shared risk has focused mainly on multinational 
companies with visible brands, the private sector in Kenya was largely represented by 
small and medium enterprises (SMEs). These companies, Kenyan and international, saw 
a clear business case based on economic incentives and opportunities to engage proac-
tively with other water users. The focus on stewardship and shared risk should not negate 
the fact that most implementation of projects on the ground will be negotiated through 
SMEs—either through supply chain pressures around buyer protocol for stewardship or 
because these companies are embedded in their local communities and understand the 
water situation and business case from multiple perspectives.

Shared risk does not imply that water challenges create an equal and similar burden 
or sense of urgency for all stakeholders. There are specific challenges in facilitating this 
shift, resulting from the generally differing languages and expectations of various stake-
holders regarding needs, time frames, and modes of communication. It is necessary to 
ask: Risk of what and risk to whom? The risk to an individual differs from societal or busi-
ness risks, and certain groups will be more vulnerable than others. Water scarcity and 
pollution can be subjective in this sense. For a farmer, the danger may be back-to-back 
years of below-average rainfall. For the owner of a processing plant, the risk might be a 
sudden, temporary cessation of stream flow during peak operation time. For a govern-
ment, risks might include the increasing costs of accessing water for utilities and the im-
plications of higher energy costs, or failure to deliver on economic growth and develop-
ment pathways because of poor water management (Orr and Cartwright 2010).
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Rather, the concept of shared risk elevates local water challenges as a shared problem 
and in doing so suggests that we address these challenges in proactive and collaborative 
ways. Consider the alternative to this, which is the proposition that stakeholders fac-
ing similar challenges need not (or should not) speak or engage with one another over 
shared resources and should be ruled only by governmental policy, regulation, and fines, 
a premise that leaves those operating in geographies absent of good water governance 
to instead fight over resources. Critiques against shared risk, knowingly or not, indirectly 
(or directly) appear to advocate this position, yet collaboration and inclusion of all water 
users, including corporate and industrial actors, lies at the heart of sustainable water re-
source management and particularly integrated water resource management (IWRM)—
the chief paradigm of reconciling water management challenges among shared users. 
Collaboration and integrated management also lie at the heart of the “soft path for wa-
ter” approach (Gleick 2002; Wolff and Gleick 2002). IWRM is a process that involves iden-
tifying the multiple adverse impacts and trade-offs associated with current or proposed 
sectoral policies so that they can be subjected to a political process of informed decision 
making (Rama Mohan Rao et al. 2003). IWRM evolved as a response to the perception 
that this identification of trade-offs had historically been bypassed—that water manage-
ment had been “unintegrated,” with various governmental ministries managing and us-
ing water independently and the voices of multiple users not being heard.

How Do Other Water Users Benefit from Private Sector 
Involvement?
Regardless of whether companies benefit from robust water governance, for the “shared 
risk” concept to function, water managers and those advocating for the public interest 
must themselves benefit from companies operating in a stressed watershed. Companies 
can provide vital employment and tax revenues for local communities, contribute to 
gross domestic product and foreign exchange, and help governments deliver on poverty, 
growth, and development challenges. The example of Lake Naivasha showed that 10 per-
cent of foreign exchange to Kenya could be linked to the output of the lake’s produce and 
horticulture trade (WWF 2012). Government for the first time saw how water-related risk 
not only could drive businesses to relocate elsewhere but also could feed the perception 
that Kenya was an unstable place to do business, which could undermine much-needed 
foreign investment over the long term.

Companies can begin to contribute to sustainable water management in simple yet 
beneficial ways. For example, they can provide sorely needed financial resources to aug-
ment water supply, especially in places where water governance is weak and capital is 
limited. Sasol, a global integrated energy and chemical company with its main produc-
tion facilities in South Africa, has recognized water security as a material challenge to its 
operations, some of which are highly reliant on the Vaal River system. Sasol uses about 
4 percent of the catchment yield; municipalities use approximately 30 percent, of which 
water losses can be as high as 45 percent of urban use because of the aging infrastruc-
ture (Greenwood et al. 2012). Sasol has approached a number of municipalities to imple-
ment water conservation initiatives (Greenwood et al. 2012). One such project used Sa-
sol funds to adjust the pressure management system within a township, reducing water 
leakage in off-peak hours and boosting water supply. This project saves 28 megaliters per 
day at a modest capital cost of $500,000, funded by Sasol with an operation and mainte-
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nance (O&M) cost of US$0.02 per cubic meter (Sasol 2010). By comparison, a project to 
improve internal water-use efficiency at a Sasol plant, which was also being undertaken 
at the time, required $50 million in capital expenditures and saved only 18 megaliters a 
day, with an O&M cost of US$2.00 per cubic meter (Sasol 2010). Sasol’s implementation 
of this “beyond the fence line” water strategy has created systemwide water savings and 
supported local water security to the benefit of all while reducing water management 
costs for both local government and the business itself. This is a salient example of a win-
win scenario, where the company was able to invest in the most cost-effective savings 
and where private and public interests were fully aligned.

Financial resources are just one of the tools industry can bring to the table. Compa-
nies can also help introduce new technology to improve water-use efficiency and water 
quality, collection of water-related data that supports informed water management deci-
sions, and privileged access to national decision-making processes that NGOs and small 
communities may lack. For example, Intel teamed up with the City of Chandler, Arizona, 
to devise a collaborative approach to water management that includes building an ad-
vanced reverse osmosis facility to treat rinse water from Intel’s manufacturing facility to 
drinking water standards before being returned to the municipal groundwater source 
and nearby farmlands (Morrison et al. 2010).

The lack of financial, technological, and informational resources in many watersheds 
underscores the reality that current governmental expenditures and investments in sus-
tainable water resource management are low in many places across the globe (Ginneken 
et al. 2011; WaterAid 2011). In many cases, this may be due to corruption or a lack of 
awareness of the importance of sustainable water management. In other cases, it is be-
cause many governments face many competing demands for resources and policy atten-
tion and may lack the resources needed to manage water in a sustainable and equitable 
manner (WaterAid 2011). The private sector can play a critical role in bridging this re-
source and capacity deficit, especially in the context of partnerships and collaborative 
projects that harness the expertise, knowledge, and legitimacy of NGOs, academia, and 
governmental agencies. Playing this role, however, also requires that serious and careful 
attention be paid to protecting the public interest, addressing equity concerns, and pre-
venting “policy capture.”

Utilizing Corporate Resources While Ensuring Public 
Interest Outcomes and Preventing Policy Capture
Critical to this debate is the question of how to use corporate resources toward mutually 
beneficial outcomes while ensuring that companies act in a manner that aligns with the 
public interest and that avoids undue corporate influence. Though we see emerging le-
vers that incentivize companies to act in a responsible manner, there are also important 
and powerful conflicting interests and competing incentives that may lead to perverse 
and unbalanced outcomes (Morrison et al. 2010; Hepworth et al. 2010). Below is a list of 
some of the most salient tensions and barriers to beneficial private sector involvement in 
water policy and management that must be navigated.

Many companies will not actively promote stringent regulatory frameworks 
that increase operational costs, limit production, or significantly undermine 
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company influence in water decision making. There is a tension between a 
company’s desire for a governance system that effectively manages others’ 
water use (and therefore prevents challenges related to water scarcity and 
pollution) and its desire to prevent limitations to its own water use or strin-
gent guidelines on water quality that drive up its own operational costs. 
These conflicting interests may not disincentivize company investment in 
or promotion of water-use efficiency among other water users in a particu-
lar basin, but they do call into question a company’s incentive to meaning-
fully facilitate development of a governance scheme that could potentially 
limit its own production or increase operational costs. Similarly, while 
many companies may seek to implement projects that have public interest 
outcomes (e.g., addressing municipal nonrevenue water losses or riparian 
restoration or source water protection) and build their reputation among 
local stakeholders in doing so, only the rare company will choose to pro-
mote water governance processes such that their own influence on water 
decision making is significantly lessened.

Companies are unlikely to be the leading advocates for the prioritization of 
domestic water uses (i.e., human right to water and sanitation) over their 
own water use. In light of the recently affirmed human right to water and 
sanitation (United Nations 2010), water governance systems and legal 
frameworks in the twenty-first century are increasingly likely to include 
provisions that prioritize domestic and other water uses above those for 
industry. For example, the state water policy in Rajasthan (where Kaladera 
is located) stipulates that water allocations should be prioritized to drink-
ing water, irrigation, power generation, and industry, in that order (Depart-
ment of Water Resources 2000). While water uses to meet basic human 
needs are a clear societal priority (and in fact typically represent only a 
small proportion of water use in a basin), companies may be not be in-
clined to proactively advocate for water management regimes that depri-
oritize their own water use, and thus champions of such causes will 
typically need to come from other segments of society, including explicit 
governmental commitment.

There exists the potential for greenwashing of company claims and for in-
dustry initiatives that create the perception of responsible practice without 
tangible water sustainability and public interest outcomes. As demonstrated 
in this chapter, there are economic drivers for companies to invest in and 
promote sustainable water management inside and outside of their fence 
lines such that watershed challenges and associated business risks are bet-
ter managed. However, history also shows that some of these drivers, espe-
cially those regarding license to operate and brand value, can hinge on the 
perception of action rather than genuine action itself. This leaves open the 
potential for greenwashing initiatives that foster a perception of good prac-
tice without any tangible benefits to the public interest. As the issue of 
water is tackled by a growing number of companies, the likelihood in-
creases that claims regarding stewardship and industry-led initiatives, 
which perhaps serve the corporate social responsibility agenda far more 
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than a strategic one, will proliferate. The onus will be on many of the prac-
titioners and NGOs that support the corporate water stewardship para-
digm, as well as academics and peer businesses, to differentiate between 
spurious claims and substantive efforts. While many critics will use these 
examples as straw men to criticize all corporate action on water, the case 
for validating claims and auditing performance should create stronger ac-
countability and monitoring toward genuine shared outcomes.

Some investors and corporate executives may be prone to react to short-term 
pressures that do not enhance sustainable water management rather than 
to tackle long-term sustainability drivers. Much of the rationale regarding 
shared risk and collective action implicitly hinges on companies’ assessing 
and managing risk on a long-term time horizon. For instance, companies 
considering long-term business viability will be much more likely to invest 
in water-use efficiency measures and sustainable water supply than will 
companies seeking to maximize profit in the near term. Likewise, many 
investors who have a short-term perspective and continue to orient around 
quarterly earnings statements may find it difficult to fathom the justifica-
tion for long-term engagement in water governance in a particular region 
that will garner positive results only over a five- to ten-year time horizon. 
Even within a company, corporate social responsibility and sustainability 
departments may seek approval for programs and corollary expenditures 
based on long-term considerations and planning only to be confronted by 
unsupportive senior executives and legal departments who require shorter-
term, more guaranteed returns on such company investments. This creates 
another tension. Though water-intensive companies certainly have incen-
tives to support sustainable water management over the long term, such 
investments may be derailed or undermined by those seeking more imme-
diate returns.

Some business models and operational contexts may not offer strong drivers 
for action. A significant number of companies have strong incentives to 
ensure sustainable access to water in a single location over the long term. 
These businesses, such as geographically bound mining or oil and gas 
companies, typically must operate in particular locations to be economi-
cally viable. Furthermore, SMEs may not have the economic means to sim-
ply move away from water-stressed settings. Others, however, have greater 
flexibility in the location of their facilities and supply chain and may not 
intend to remain in one watershed for an extended period of time. Such 
enterprises might be inclined to shift operations and supply chains away 
from water-challenged areas, thus leading to less dependence on those 
specific regions and perhaps even improving their perception among some 
key stakeholders when doing so. This “move away from the problem” alter-
native undermines incentives for companies to make substantial long-
term investments in improving water governance in water-stressed areas.
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Moving Forward: Unlocking Mutually Beneficial 
Corporate Action on Water
The existence of competing economic incentives for long-term sustainable thinking and 
short-term profit motives reveals a number of complex and difficult questions, such as 
the following:

 • Multinational companies in many cases are a great boon to local econo-
mies, in both developed and emerging economic contexts. What is the  
appropriate balance between “high economic value” water uses and  
public interest water uses?

 • How can companies already driving action on water be encouraged to offer a 
louder voice within their value chains and the wider business community?

 • Should industry avoid water-stressed regions or instead focus its invest-
ment in these areas?

 • In many parts of the world, businesses and governments alike are com-
plicit in a system that often results in unbalanced corporate representa-
tion in water policy. What role can and should companies play in 
facilitating more democratic processes (especially in areas of weak gover-
nance)?

 • What can companies that are genuinely interested in facilitating sustain-
able water management do to ease the skepticism of potential partners?

 • How can companies be encouraged to consider more long-term profit 
drivers in the face of more immediate short-term profit motives and 
shareholder pressure that may incentivize unsustainable practices?

 • How can companies and others encourage increased investment in areas 
experiencing water stress and weak governance when these areas are 
identified as high-risk locations?

These are difficult questions, and the conflicts inherent within them will certainly 
invite some to argue that companies should not play a meaningful role in public wa-
ter management. It must be recognized, however, that companies have always engaged 
in water policy, and given the very significant challenges facing global water security, 
dogmatic stances for or against corporate engagement not only fail to reflect reality but 
also are likely to be counterproductive (Hepworth and Orr 2013). Instead, these tensions 
and questions should underscore the need to strengthen positive incentives for respon-
sible and sustainable private sector action and to begin a meaningful discussion on what 
that can and should look like. Such a discussion can shed light on unsustainable prac-
tices where they exist, highlight examples of beneficial corporate action, and ultimately 
help determine the most appropriate role for the private sector in addressing our shared 
twenty-first-century water challenges. There is compelling evidence to suggest that busi-
nesses’ role should not be limited to simply implementing operational efficiencies and 
being accountable for direct water-related adverse impacts on ecosystems and commu-
nities; it should be expanded such that companies are encouraged, if not expected, to 
make a positive contribution to broader watershed challenges that affect a wide range of 
stakeholders and actors.
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C H A P T E R  3

Sustainable Water Jobs
Eli Moore, Heather Cooley, Juliet Christian-Smith, and Kristina Donnelly

Many jobs, in different sectors of the economy, are required to manage, deliver, and treat 
the freshwater required to satisfy our commercial, institutional, industrial, agricultural, 
and domestic needs for goods and services. A range of sustainable water strategies to ad-
dress twenty-first-century water challenges have emerged that reach far beyond the con-
ventional water sector. Growing attention is being given to sustainable measures such as 
low-impact development, water reuse, watershed restoration, water conservation and 
efficiency, and many other proven and promising practices. As the country shifts to more 
sustainable water management, new services, occupations, and markets are emerging. 
In addition, over the next decade there will be a need for major investments in the na-
tion’s aging infrastructure for wastewater, stormwater, and drinking water along with on-
going operation and maintenance jobs to sustain that infrastructure. Many of these jobs 
are eligible for public funding and have been the focus of increased funding through the 
American Recovery and Reinvestment Act of 2009 (ARRA) and other federal and state 
policies. However, information is needed to help local, state, and federal agencies; utili-
ties; companies; unions; and nonprofit entities adopt strategies that maximize job cre-
ation and other potential benefits of these practices.1

The need to take advantage of any opportunities for increased quantity and quality of 
employment opportunities is acute: 12 million workers in the United States who are in-
terested in working and available to work are unemployed (US BLS 2012a). Millions more 
are working but remain in financial distress, with basic needs, such as health care, un-
met. Some 10.5 million US workers were employed for more than half of the past year yet 
still have an income below the official poverty level (US BLS 2012b). For working parents 
in poverty, constraints on their ability to provide stable and appropriate child care can 
pass their hardship onto their children. Research now shows that these forms of inequal-
ity are harmful to economic growth and that regions and countries with greater equality 
experienced more vigorous economic growth (Treuhaft et al. 2011).

The jobs generated by sustainable water strategies have rarely been analyzed or 
tracked, yet a growing body of research points to significant numbers of jobs in certain 
sectors and in certain places. The types of jobs involved in implementing sustainable 
water strategies cover a broad range of occupations. In a recent study conducted by the 
Pacific Institute (Moore et al. 2013), 136 water-related occupations were identified in ag-
riculture, urban residential and commercial settings, restoration and remediation, alter-

1. This chapter is modified and updated from a recent study by the Pacific Institute titled “Sustainable Water 
Jobs: A National Assessment of Water-Related Green Job Opportunities,” available at http://www 
.pacinst.org/reports/sustainable_water_jobs/. 

 
DOI 10.5822/978-1-61091- - _3, © 2014 Pacific Institute for Studies in Development, En i onment, and Security483 3 v r
  The World’s Water Volume 8: The Biennial Report on Freshwater Resources,P.H. Gleick (ed.),



36  The World’s Water Volume 8

native water sources, and stormwater management. The number of employment oppor-
tunities created by sustainable water practices can be very high. The data available point 
to the creation of 10–15 jobs for every $1 million invested in alternative water supplies; 
5–20 in stormwater management; 12–22 in urban conservation and efficiency; around 15 
in agricultural efficiency and quality; and 10–72 jobs per $1 million invested in restora-
tion and remediation.

This research suggests that water is a worthy arena for exploring green jobs and that 
if we continue to separate our efforts in water sustainability and economic opportunity, 
we may miss opportunities to strengthen both through integration. There is now greater 
awareness of the promise of green jobs—the potential for crafting economic strategies 
that reduce environmental impacts while creating high-quality work opportunities. But 
these efforts have largely focused on energy efficiency and renewable energy. This chap-
ter summarizes the conclusion that the growing efforts to develop green jobs by invest-
ing in sustainable water systems are merited.

At the conclusion of this chapter, we also evaluate some of the challenges of develop-
ing these water jobs, including the need for better information for various stakeholders, 
such as workforce development and community-based organizations, labor unions, util-
ities and public water agencies, and businesses. The comprehensive assessment (Moore 
et al. 2013) looks in more detail at the full spectrum of sustainable water strategies and 
provides foundational information regarding the following questions:

 • What are the best practices across sectors for sustainable water manage-
ment and use?

 • What activities and occupations are involved when these practices are  
adopted?

 • What data are available to quantify the jobs generated by these practices?

 • What is the quality of these sustainable water occupations, what is their 
growth in the overall economy, and what are the demographics of the 
workforce in these professions?

 • How can disadvantaged communities be linked to job opportunities in 
the water sector?

Water Challenges in Today’s Economy
As we enter the second decade of the twenty-first century, the United States faces a com-
plex and evolving set of freshwater challenges (Christian-Smith and Gleick 2012). Despite 
the fact that the nation is, on average, a comparatively water-rich country, we are reach-
ing absolute limits on our ability to take more water from many river systems, such as 
the Colorado, Sacramento–San Joaquin, and Chattahoochee River systems. We are also 
overpumping groundwater aquifers, including those in the Great Plains and California’s 
Central Valley. Wetlands and aquatic ecosystems and fisheries are in decline. Continued 
population and economic growth are adding new demands for water, in competition 
with other uses. Many of the nation’s water bodies are contaminated, and 42 percent of 
the nation’s total stream length is considered to be in poor condition (US EPA 2006).

Much of our water infrastructure has not been adequately maintained, and confidence 
in our tap water system is falling. The US Environmental Protection Agency (EPA) pro- 
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jects that if we maintain current levels of investment in water systems through 2020, the 
percentage of the nation’s water pipes considered “poor,” “very poor,” or “life elapsed” 
will reach 44 percent (US EPA 2002). Unresolved public health threats from contaminat-
ed drinking water exist in a growing number of communities, and the affordability of 
water for low-income users is a growing concern. Climate changes compound many of 
these challenges by altering water availability and quality and increasing the risk of both 
floods and droughts. A nationwide study analyzing water demand and supply under fu-
ture climate change scenarios found that 70 percent of US counties may be at moderate 
to extreme risk of their water demand surpassing water supply by 2050 (NRDC 2010).

In the past, the traditional approach to meeting these challenges has relied on build-
ing massive, centralized, capital-intensive infrastructure, such as large dams and res-
ervoirs. This approach has brought many benefits, but it has also come at great social, 
economic, and environmental costs, many of which were either ignored, undervalued, 
or unknown at the time (Gleick 2002). Currently, nearly 40 percent of North American 
freshwater and diadromous fish species are imperiled because of physical modifications 
to rivers and lakes (Jelks et al. 2008). Other consequences of traditional water develop-
ment include loss of valuable ecological services that aquatic ecosystems provide, such 
as water filtration and retention, as well as massive energy demands to move and treat 
water and substantial and heavily subsidized costs.

The water challenges our nation faces must be addressed with strategies that avoid 
the negative outcomes of the past. To develop these strategies, water managers and oth-
ers are rethinking approaches to ensure that sufficient water resources are available 
to meet anticipated needs in ways that improve, rather than ignore, social equity, eco-
logical conditions, and long-term sustainability of human-ecological systems. Many of 
these approaches reflect “soft-path” principles, which include taking advantage of the 
potential for decentralized facilities, efficient technologies, flexible public and private 
institutions, innovative economic instruments, and human capital (Gleick 2002). We de-
fine sustainable water strategies as those that reduce or eliminate water contamination, 
restore watershed systems, and increase efficient use of natural, societal, and financial 
resources. We group the diverse range of techniques that meet these criteria into five 
overarching strategies:

 1.  Urban water conservation and efficiency

 2.  Stormwater management

 3.  Restoration and remediation

 4.  Alternative water sources

 5.  Agricultural water efficiency and quality

For each of these strategies, we review the technical and economic processes involved, 
identify the occupations of workers carrying out these activities, and assess the numbers 
of jobs created for each $1 million invested.

Improving the Efficiency of Urban Water Use
Techniques to improve urban water conservation and efficiency allow for the increased 
production of goods and services while maintaining or even reducing overall water use 
in urban areas. These efforts are also referred to as demand management or water pro-
ductivity improvements. Urban water conservation and efficiency measures include in-
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stalling efficient appliances and fixtures, improving water-use metering, improving land-
scape efficiency, xeriscaping, and replacing or repairing pipes to reduce water loss within 
the water conveyance and distribution system (see table 3.1) (Gleick et al. 2003). Water 
treated and reused on-site at a smaller scale is often referred to as grey water, which in-
cludes water from clothes washers, showers, and faucets for use on outdoor landscapes, 
for flushing toilets, and for other nonpotable uses.

Despite efficiency gains over the past twenty-five years, current urban water use in 
the United States remains wasteful. Inefficient fixtures and appliances are still common-
place, particularly in homes built prior to 1994,2 in a range of commercial, institutional, 
and industrial settings. Even in a relatively dry and densely populated state such as Cali-
fornia, where many water agencies have taken the concerns about water supply con-
straints seriously, far more can be done. A 2003 analysis by the Pacific Institute found 
that existing, cost-effective technologies and policies can reduce California’s urban water 
demand by more than 30 percent (Gleick et al. 2003), and a follow-up study done in 2005 
found continued room for improvement (Gleick et al. 2005). These findings have been 
echoed by studies and programs in other regions. For example, a Seattle study found 
that installing new, water-efficient fixtures and appliances reduced single-family indoor 
use by nearly 40 percent (Mayer et al. 2000). Experiences from other countries, such as 
Australia, offer insights into the levels of urban efficiency that can be achieved under dif-
ficult circumstances. For example, in South East Queensland, Australia, during a severe, 
long-term drought, total urban demand dropped to only 67 gallons per capita per day, 
and residential demand, including both indoor and outdoor uses, reached 43 gallons per 
capita per day (Queensland Water Commission 2010; Heberger 2012).

In addition to saving water, water conservation and efficiency measures provide a 
number of other benefits. Conservation and efficiency techniques can reduce costs for 
drinking water and wastewater treatment systems by reducing overall water delivery re-
quirements. Reductions in demand can also reduce energy use and associated green-
house gas emissions for water systems. Landscape efficiency improvements reduce 
chemical and fertilizer needs and subsequent runoff into local streams and waterways. 
High-efficiency appliances can also reduce detergent requirements for dishwashers and 
washing machines.

TA B L E 3.1  Urban Water Conservation and Efficiency Techniques

Appliances and fixtures Installing water-efficient appliances and fixtures in residences and 

in commercial, industrial, and institutional (CII) settings.

Landscaping Utilizing landscape efficiency improvements, including advanced 

irrigation technologies and controllers, mulching, and low-water-

use plants. 

Reduction of water loss Replacing or repairing pipes to reduce water loss within the water 

conveyance and distribution system.

Grey water Collecting, treating, and using water from clothes washers, 

showers, and faucets on-site for outdoor irrigation, toilet flushing, 

or other nonpotable uses.

Source: Gleick et al. (2003).

2. National water efficiency standards for some fixtures were signed into law in 1992; implementation began 
in 1994.
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The economic process of implementing urban conservation and efficiency measures 
involves a range of research, manufacturing, installation, and maintenance activities. 
Research and development, for example, generates new water-efficient technologies and 
practices, including mobile applications, soil moisture sensors, weather-based irrigation 
controllers, appliances and fixtures, and sensors (e.g., for cooling towers). Manufactur-
ing activity produces these new tools and products, which are then distributed through 
wholesale and retail sales to businesses, utilities, and home owners. Design and plan-
ning programs at water agencies can help provide information to consumers or develop 
pricing strategies that encourage investment or more careful water use.

Figure 3.1 provides a summary of the occupations associated with urban water effi-
ciency projects. Workers in these categories range from scientists developing new tech-
nologies to surveyors and landscape architects measuring water use and planning for 
improvements. Plumbers, construction laborers, and landscaping workers install and 
often maintain water-efficient technologies and vegetation, while public relations spe-
cialists raise awareness among community members and consumers.

Urban water efficiency projects create jobs, although limited data are available to 
develop accurate estimates (table 3.2). Early efforts to quantify the number of jobs cre-
ated by urban water efficiency projects include the 1992 Madres del Este de Los Angeles 
Santa Isabel partnership, which estimated that a community-based program to install 
low-flush toilets created twenty-five full-time and three part-time jobs (Lerner 1997). In a 
more comprehensive analysis, the Alliance for Water Efficiency modeled the jobs created 
by investments in seven types of water conservation and efficiency programs, finding 
that 14.6 to 21.6 jobs in total employment were generated per $1 million invested (Alli-
ance for Water Efficiency 2008). A similar study in Los Angeles by the Economic Round- 
table gathered information on eleven urban water efficiency projects, ranging from 
bathroom retrofits to a green garden program, and found that the projects generated 
11.8 jobs per $1 million invested, including 6 direct, 2.6 indirect, and 3.3 induced jobs.

Managing Stormwater
Stormwater runoff is a major cause of water pollution in the United States. Ten milli-
meters (a little more than three-eighths of an inch) of rain over a one-hectare (approxi-
mately two-acre) parking lot produces 100 cubic meters (over 26,000 gallons) of storm-
water runoff and can carry a noxious mixture of soils, sediments, oils, chemicals, and 
other substances into local waterways. In some areas, combined sewers transport both 
stormwater and wastewater to treatment systems, which can be overwhelmed during 
high flows and release untreated wastewater into local waterways. For many years, water 
agencies have been trying to improve stormwater management, redesign and rebuild 
sewers, and reduce these untreated releases.

Upgrading existing conventional infrastructure to manage stormwater comes at con-
siderable financial cost, which has encouraged urban areas to look for alternative ways to 
address stormwater runoff. According to the EPA’s 2008 Clean Watersheds Needs Survey, 
approximately $189 billion is needed for pipe repair, new pipes, combined sewer over-
flow corrections, and stormwater management programs (US EPA 2008). Low-impact 
development (LID), or “green infrastructure,” consists of alternative approaches that in-
clude systems and techniques intended to infiltrate, evaporate, and reuse stormwater on 



FIGURE 3.1 OCCUPATIONS IN URBAN WATER CONSERVATION AND EFFICIENCY



Sustainable Water Jobs 41

the site where it is generated.3 Of the $189 billion funding gap identified by the survey, 
$17.4 billion is related to green infrastructure projects (US EPA 2008).

Sustainable stormwater management practices and techniques include rainwater 
harvesting, bioswales and other forms of stormwater retention, permeable pavement, 
green roofs, and other efforts to reduce impervious areas (see table 3.3). Portland, Ore-
gon, and other cities have programs to disconnect downspouts, rerouting rooftop drain-
age pipes to rain barrels, cisterns, or permeable areas instead of the storm sewer.

TA B L E 3.2  Jobs per $1 Million Invested in Urban Conservation and Efficiency Projects

Project Type

Total Employment  

(Jobs per $1  

Million Invested) Units and Methods Source

Eleven water 

conservation projects in 

Los Angeles County

11.8 Total employment, includ-

ing direct employment 

from expense reports and 

modeled indirect and 

induced employment

Burns and Flaming 

(2011)

Evapotranspiration 

irrigation controller 

rebate/direct install 

programs

20.4 Total employment mod-

eled using categorized 

program expenses as 

inputs

Alliance for Water 

Efficiency (2008)

Water system loss 

control

21.6 (same as previous) Alliance for Water 

Efficiency (2008)

High-efficiency toilet 

rebate program

18 (same as previous) Alliance for Water 

Efficiency (2008)

High-efficiency toilet 

direct install program

17.2 (same as previous) Alliance for Water 

Efficiency (2008)

Industrial water/energy 

survey and retrofit 

program

15.6 (same as previous) Alliance for Water 

Efficiency (2008)

Retrofit cooling towers 

with conductivity and 

pH controllers

15.4 (same as previous) Alliance for Water 

Efficiency (2008)

Restaurant surveys and 

direct install equipment 

retrofits

14.6 (same as previous) Alliance for Water 

Efficiency (2008)

Installation of 5,439 grey 

water systems in new 

residential properties in 

Los Angeles County

5.3 Modeled total jobs (direct/

indirect/induced) using 

IMPLAN system 2009 data 

and 2011 software

Burns and Flaming 

(2011)

3. According to the EPA, low-impact development is “an approach to land development (or re- 
development) that works with nature to manage stormwater as close to its source as possible” (US EPA 
2012b). In this chapter we use the terms “low-impact development” and “green infrastructure” interchange-
ably.
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The environmental benefits of these approaches include minimizing the impacts of 
urban runoff on local streams and the marine environment, reducing local flooding, re-
charging local groundwater supplies, and improving the reliability and flexibility of wa-
ter supplies.

These approaches are typically less costly than conventional stormwater manage-
ment techniques, with capital savings ranging from 15 percent to 80 percent (US EPA 
2007). A recent report showed that 75 percent of 479 green infrastructure projects either 
kept costs the same or reduced costs, compared with the same projects that used more 
traditional infrastructure (American Rivers et al. 2012). Additionally, research has con-
sistently shown a positive correlation between proximity to green spaces and home and 
property values (Crompton 2005).

It is difficult to determine how much green infrastructure has already been installed. 
According to the Greenroof & Greenwall Projects Database, more than 970 projects 
have resulted in the installation of more than 14 million square feet of green roofs in 
the United States (Greenroofs.com 2012), though these figures likely underestimate the 
true extent of this practice. Other practices, such as changes in landscaping and drainage 
systems, construction of rain gardens, and urban tree planting, have not yet been com-
prehensively quantified.

Figure 3.2 shows occupations involved in stormwater management. The range of oc-
cupations includes broad construction professions, septic tank servicers, sewer pipe 
cleaners, welders, cutters, and fitters for manufacturing, and more. Most of the occupa-
tions listed are traditionally within the landscaping and engineering sector and utilize 
similar techniques to address stormwater issues, though more sustainable water strate-

TA B L E 3.3  Stormwater Management Techniques

Downspout disconnection Downspouts are disconnected and rooftop drainage pipes are 

rerouted to drain rainwater into rain barrels, cisterns, or 

permeable areas instead of the storm sewer.

Rainwater harvesting Rainwater is harvested and stored for later use.

Rain gardens Rain gardens (also known as bioretention or bioinfiltration 

cells) collect runoff from rooftops, sidewalks, and streets into 

shallow, vegetated basins.

Planter boxes Planter boxes are urban rain gardens with vertical walls and 

open or closed bottoms that collect and absorb runoff from 

sidewalks, parking lots, and streets.

Bioswales Bioswales retain and filter stormwater as it moves through 

vegetated, mulched, or xeriscaped channels.

Permeable pavements Permeable pavements infiltrate, treat, or store rainwater where 

it falls.

Green roofs Green roofs are covered with growing media and vegetation and 

enable rainfall infiltration and evapotranspiration of stored 

water.

Urban forestry Trees in urban areas reduce and slow stormwater runoff by 

intercepting precipitation in their leaves and branches.

Land conservation Land conservation protects open spaces and sensitive natural 

areas within and adjacent to cities.

Source: US EPA (2012a).
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gies are designed to prevent and control stormwater runoff rather than simply diverting 
it to stormwater drains. New skills for these traditional occupations include knowledge 
of green roof design and installation, experience in working with new building materials 
(e.g., permeable pavement), and familiarity with land-use planning, site design, slope, 
and drainage.

Several studies have sought to quantify the jobs created through sustainable storm-
water management projects (see table 3.4). A recent analysis found that four stormwater 

FIGURE 3.2 OCCUPATIONS IN STORMWATER MANAGEMENT
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projects in Los Angeles generated 13.8 jobs per $1 million invested, with average wages 
of $52,800. An estimated 73 percent of workers involved in these projects lived within 
the county, an indication of the local economic activity that these projects can gener-
ate. Likewise, stormwater projects in the District of Columbia’s green roofs initiative 
produced 19.7 jobs for every $1 million invested. A prospective analysis of proposed in-
vestments in Philadelphia, Pennsylvania, finds that committing $1.6 billion over the next 
twenty years will create over 8,600 jobs, or about 5.3 jobs per $1 million invested (BUCIP 
2010).

However, there is one caveat to mention in these economic and job impacts. Estimates 
show promising overall workforce growth, but the anticipated demand for entry-level 
work in stormwater projects is lower than in other sectors. Professional services such as 
architectural and engineering services, financial institutions, and scientific and techni-
cal consulting tend to benefit from these economic impacts, while the construction ser-
vices experience disproportionately low growth (Burns and Flaming 2011; BUCIP 2010).

Restoring and Remediating Ecosystems
Ecological restoration is the process of returning the chemical, physical, and biological 
components of a degraded ecosystem to a close approximation of predisturbance condi-
tions. Environmental remediation—a subset of restoration—is the process of targeted 
removal of specific toxic substances or pollutants from soil or water. Whereas restora-
tion generally focuses on returning an ecosystem to its natural state, remediation targets 
lands contaminated with substances harmful to human health and the environment.

TA B L E 3.4  Jobs per $1 Million Invested in Stormwater Management Projects

Project Type

Total Employment 

(Jobs per $1 Million 

Invested) Units and Methods Source

Washington, DC, green 

roofs initiative

19.65 Total jobs based on total green 

roof area covered, in square feet

American Rivers 

and Alliance for 

Water Efficiency 

(2008)

National investment in 

green stormwater 

infrastructure

10 Modeled total jobs (direct/

indirect/induced) using 

macroeconomic and spending 

multiplier

Green for All et al. 

(2011)

Operation and 

maintenance budget of 

four stormwater 

projects in Los Angeles

13.8 Modeled total jobs (direct/

indirect/induced) using IMPLAN 

system 2009 data and 2011 

software

Burns and 

Flaming (2011)

Montgomery County, 

Maryland, stormwater 

system construction

10.8 Montgomery County expects to 

employ 3,300 for a three-year 

project

Chesapeake Bay 

Foundation 

(2011)

Philadelphia, 

Pennsylvania, 

stormwater investment

5.3 Modeled total jobs (direct/

indirect/induced) using IMPLAN 

system over next twenty years

BUCIP (2010)
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Restoration can improve water quality and aquatic ecosystem health and can be 
achieved using both natural and artificial techniques. The EPA has identified three resto-
ration techniques that deal with water quality (US EPA 1995):

 1. In-stream techniques applied within the water system. For example, 
streams that have been channeled can be restored to achieve more natu-
ral geometry, meander, sinuosity, substrate composition, structural com-
plexity, aeration, and stream bank stability.

 2. Riparian techniques applied to the land area surrounding or bordering 
the water system. This can include planting of native riparian vegetation 
or construction of fencing to protect delicate riparian plants.

 3. Upland or surrounding watershed techniques designed to reduce non–
point source pollution from upstream lands within the watershed.

Although they are integral aspects of environmental restoration, techniques used for 
upland or surrounding watershed zones are cataloged here under stormwater manage-
ment and agricultural efficiency. Table 3.5 lists some examples of in-stream and riparian 
restoration techniques.

Removal of contaminants in remediation projects can also be important, especially in 
aquatic systems, where pollutant transport is a risk. As shown in table 3.6, a wide range 
of techniques can be used to remediate groundwater and surface water, including phyto- 
remediation, in which plants are used to absorb harmful contaminants, and installation 
of permeable reactive barriers, in which membranes are used to capture or treat ground-
water contaminant plumes. Another important aspect of environmental remediation is 
the use of new technologies to characterize and monitor contamination (US EPA 2012c).

The work of restoration and remediation planning and design involves various techni-
cal assessments, coordinated planning, permitting, ecological research, design, and cost 
estimation. Planning and assessment activities include the review of aerial photographs, 
topographic maps, and results from soil tests and borings and engagement with regulatory  

TA B L E 3.5  Restoration Techniques

      vegetated geogrids, and live cribwalls

Source: US EPA (1995).
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agencies and stakeholders (NOAA, n.d.). Design of restoration projects typically entails 
the application of engineering, landscape architecture, river ecology, and expertise in 
geomorphology. Cost estimates are developed using standardized unit material and la-
bor costs and regional or municipal multipliers. The construction phase of restoration 
and remediation projects is typically labor-intensive and involves some use of heavy ma-
chinery. In-stream and riparian restoration is typically implemented with a mix of hand 
labor and heavy machinery for digging and bank alteration.

A large number of occupations are involved in restoration and remediation activities 
(figure 3.3). Workers in these occupations range from the environmental and civil engi-
neers who develop designs to sales representatives and truck drivers who sell and deliver 
products, to scientists with expertise in river systems and aquatic ecology, to masons 
and laborers who construct the projects. Workers in newer occupations, such as brown-
field redevelopment specialists and conservation technicians, also have skills required 
for these projects.

The number of jobs created by restoration and remediation projects is highly variable, 
ranging from about 15 to 72 total jobs per $1 million invested (table 3.7). For example, 
$10.6 million spent on restoring the Cache River basin in Illinois generated approximate-
ly 36 jobs for each $1 million invested (Caudill 2008). This includes 22 workers directly 
employed in the project and an additional 14 indirect and induced jobs, according to a 
study commissioned by the US Fish and Wildlife Service. About half of the direct jobs 
and 85 percent of the indirect and induced jobs were created locally in the four counties 
where the project took place. Likewise, dam removal on Ohio’s Euclid Creek cost more 
than $500,000 and generated 38 jobs, or 72 jobs per $1 million invested.

Studies have found that the number of jobs created can vary depending on how much 
labor-intensive or equipment-intensive work must be done. For instance, a study by the 
University of Oregon’s Institute for a Sustainable Environment estimates that direct em-
ployment in equipment-intensive watershed contracting is only 4.8 jobs per $1 million 
invested because labor is a relatively small proportion of total spending (36 percent) and 
worker payroll costs are relatively high (about $55,000 per job). By contrast, direct em-
ployment in labor-intensive projects is 13.8 jobs per $1 million, with labor making up 67 
percent of spending and payroll costs averaging $31,000 per job, resulting in more and 
lower-wage jobs (Nielsen-Pincus and Moseley 2010).

TA B L E 3.6  Remediation Techniques

Extraction or removal 

techniques

Containment techniques

In situ treatment techniques



FIGURE 3.3 OCCUPATIONS IN RESTORATION AND REMEDIATION
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Developing Alternative Water Sources
Traditional water sources include rivers, lakes, and groundwater, as well as artificial res-
ervoirs created by dams. In the past few years, however, alternative water sources have 
begun to play an increasingly important role in supplementing water systems where 
traditional sources have become harder or more expensive to develop. Such alternative 
sources include a range of unconventional supplies, such as rainwater, stormwater, grey 
water, and reclaimed water. Projects to capture these alternative water sources can be 
implemented by a water utility or at the facility level by households or businesses. For 
the purposes of this report, this strategy focuses on activities at the utility scale; other ac-
tions at the site level, such as rainwater harvesting and grey water reuse, are captured in 

TA B L E 3.7  Jobs per $1 Million Invested in Restoration and Remediation Projects

Project Type

Total Employment  

(Jobs per $1 Million 

Invested) Units and Methods Source

Cache River restoration in 

Illinois

36 Includes direct jobs 

recorded in project 

reports and modeled 

indirect and induced jobs

Caudill (2008)

Everglades restoration 20 Modeled total jobs 

(direct/indirect/induced) 

using generic Sector 36 

national multipliers

Everglades 

Foundation (2010), 

125

In-stream restoration 

projects in Oregon

14.7 Modeled total jobs 

(direct/indirect/induced) 

using data from survey of 

grants and contractors

Nielsen-Pincus 

and Moseley 

(2010)

Riparian restoration 

projects in Oregon

23.1 Modeled total jobs 

(direct/indirect/induced) 

using data from survey of 

grants and contractors

Nielsen-Pincus 

and Moseley 

(2010)

Wetlands restoration 

projects in Oregon

17.6 Modeled total jobs 

(direct/indirect/induced) 

using data from survey of 

grants and contractors

Nielsen-Pincus 

and Moseley 

(2010)

Restoration of four rivers 

in Massachusetts

10–13 Modeled total jobs 

(direct/indirect/induced) 

using generic state-level 

multipliers

Massachusetts 

Department of 

Fish and Game 

(2012)

Removal of two dams near 

Watervliet, Michigan

19 Total jobs noted in 

project summary

Great Lakes 

Coalition (2012)

Removal of dam on Euclid 

Creek in Ohio

72.2 Jobs noted in project 

summary; may not be 

full-time equivalents

Gershman and 

Alexander (2012)
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other strategies. We also describe conjunctive use, or aquifer storage and recovery (ASR), 
as a means of storing these alternative sources for later use.

Broadly, water reuse refers to the process of treating and reusing wastewater for a ben-
eficial purpose. Potential uses include agricultural and landscape irrigation, industrial 
processing and cooling, domestic uses, dust control, construction activities, concrete 
mixing, artificial lakes, replenishment of groundwater basins (referred to as groundwater 
recharge, discussed in more detail below), and even direct potable reuse in some cir-
cumstances. Treatment levels can be tailored for the intended purpose and the level of 
human contact, which can help save money and energy when the quality does not have 
to meet drinking water standards. Water can be distributed from a wastewater treatment 
facility or treated and reused directly on-site (such as at a home or an industrial facility). 
Techniques to treat and reuse grey water on-site are discussed in the urban water conser-
vation and efficiency strategy.

A growing number of communities across the United States are already beginning to 
move in the direction of encouraging and expanding the use of reclaimed water. Accord-
ing to the EPA’s Clean Watersheds Needs Survey, an investment of approximately $4.4 
billion is needed to build, rehabilitate, or replace infrastructure for distribution of re-
claimed water (American Rivers et al. 2012). In 2004, the EPA estimated total wastewater 
reuse in the United States at 1.7 billion gallons per day and growing at a rate of 15 percent 
per year. The same report estimates that 32 billion gallons of wastewater are produced 
each day, of which 12 billion gallons per day are discharged directly into an ocean or es-
tuary. Portions of these flows could be made available for reuse (US EPA 2004).

Alternative sources can be captured and stored underground for later use. The term 
“conjunctive use” describes the coordinated use of groundwater and surface water to 
optimize supply and storage. When surface water supplies are plentiful, they can be used 
instead of groundwater or to recharge groundwater basins. Also known as aquifer storage 
and recovery (ASR), this technique can recharge groundwater through surface spread-
ing, infiltration pits and basins, or subsurface injection. This practice not only increases 
the availability of water when it is most needed but also can add an additional treat-
ment step; reduce evaporation and evapotranspiration, as compared with surface stor-
age; and enhance the sustainability of groundwater storage by preventing subsidence.  
The EPA is aware of 1,203 aquifer recharge and ASR injection wells that are capable of 
operating; however, it is unclear how much water is injected into these wells each year 
(US EPA 2009).

Multiple activities are involved throughout the process of developing alternative wa-
ter supply sources.4 Research and development includes the development of new mem-
branes with higher recovery rates and sensors that can provide real-time water quality 
readings. Manufacturing and distribution involves production and delivery of all of the 
products used throughout the process, including membranes, chemicals, and pumps. 
The planning phase can be extensive and can include a technical analysis of existing wa-
ter supply conditions and future needs. Construction of treatment and storage facilities 
includes grading and paving the site and constructing the buildings. Ongoing operation 
and maintenance work is needed to ensure compliance with treatment requirements 
and to read meters, replace membranes, and repair the system.

4. The focus of this section is utility-scale alternative water supplies. Grey water systems are included as an 
urban water efficiency strategy.
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Figure 3.4 summarizes the many occupations engaged in developing alternative wa-
ter supplies throughout the development process. The planning phase, for example, em-
ploys environmental engineers, hydrologists, landscape architects, urban planners, and 
other highly skilled professionals. Facilities and water and sewage operations staff are 
responsible for ongoing operations and maintenance.

Studies of the number of jobs generated by alternative water supply projects are limit-
ed. Table 3.8 is based on several case studies in Los Angeles County, where major invest-
ments have been made in recycled water and groundwater facilities (Burns and Flaming 
2011). These case studies suggest the creation of roughly 10 to 14 jobs per $1 million 
invested. For example, the design and installation of recycled water projects produced 
more than 12 jobs per $1 million invested, including 6.6 direct jobs, 2.3 indirect jobs, and 
3.7 induced jobs. Most of the direct work was performed by companies located in the 
area. Likewise, groundwater remediation projects in Los Angeles generated 12.8 jobs per 
$1 million invested.

Improving Agricultural Water Efficiency and Quality
Agriculture is the largest consumer of water in the nation, and while great advances in 
water efficiency in this sector have been made, additional gains are available through im-
plementation of improved water management techniques (Christian-Smith and Gleick  
2012). These practices are meant to reduce water waste and, in some cases, improve crop 
quality and yield. They include improving irrigation technologies and scheduling, reduc-
ing erosion, lining canals, increasing pump efficiency, restoring riparian areas, recycling 
tailwater on-farm, and constructing spill reservoirs at the water supplier scale.

Practices such as these can help reduce on-farm water use as well as improve water 
quality. Farmers are constantly implementing new technologies and management prac-
tices to improve their products. In many cases, water savings are a cobenefit of practices 
that are meant to decrease input costs or improve crop quality. Precision irrigation, in 
particular, has been shown to do both. And, according to the Census of Agriculture, flood 
irrigation declined by 5 percent nationwide between 2003 and 2008, replaced by more 
precise sprinkler and drip irrigation. Nevertheless, 39 percent of irrigated land nation-
wide is still flood irrigated, and there is significant room for improvement in all areas of 
agricultural water management. The 2007 Census of Agriculture found that at least 23 
percent of farms and ranches surveyed utilized conservation methods such as no-till or 
conservation tillage, runoff collection or filtration, fencing of animals from streams, and 
other practices (NASS 2007). Agricultural runoff is also a major source of pollution of sur-
face water and groundwater, and thus conservation practices designed to reduce runoff 
can also contribute to improved water quality and ecosystem health.

Agricultural efficiency and runoff management is designed to improve the productiv-
ity of agricultural water use and water quality through more efficient irrigation manage-
ment techniques, such as irrigation scheduling, tailwater recycling, drip irrigation, and 
conservation tillage (see table 3.9). Figure 3.5 shows some of the occupations associated 
with this strategy. We note, however, that thus far little attention has been given to the 
number and types of jobs related to improved agricultural water management. Addition-
al research and analysis are needed to develop a more comprehensive list.

Installation and operation and maintenance are the two most labor-intensive phas-
es of the process. Installation can entail trenching, piping, earthmoving, and installing 
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pumps, water filters, water meters, water control devices, and irrigation equipment. A 
majority of this work is performed by construction laborers and agricultural technicians. 
In order for these technologies to work effectively, operation and maintenance must be 
performed regularly by maintenance and repair workers, agricultural inspectors, and 
service repair workers. Irrigation systems are often installed by construction crews, typi-

FIGURE 3.4 OCCUPATIONS IN THE DEVELOPMENT OF ALTERNATIVE WATER SOURCES



TA B L E 3.8  Jobs per $1 Million Invested in Alternative Water Supply Projects

Project Type

Total Employment 

(Jobs per $1 Million 

Invested) Units and Methods Source

Eighteen recycled 

water design and 

installation projects in 

Los Angeles and 

surrounding region

12.5 Modeled total jobs (direct/

indirect/induced) using IMPLAN 

system 2009 data and 2011 

software

Burns and 

Flaming (2011)

Operation and 

maintenance of two 

recycled water projects

  9.8 Modeled total jobs (direct/

indirect/induced) using IMPLAN 

system 2009 data and 2011 

software

Burns and 

Flaming (2011)

Two groundwater 

remediation design 

and installation 

projects

12.8 Modeled total jobs (direct/

indirect/induced) using IMPLAN 

system 2009 data and 2011 

software

Burns and 

Flaming (2011)

Operation and 

maintenance of 

Tujunga Wellfield 

Liquid Phase Granular 

Activated Carbon 

Project Two

13.9 Modeled total jobs (direct/

indirect/induced) using IMPLAN 

system 2009 data and 2011 

software

Burns and 

Flaming (2011)

TA B L E 3.9  Agricultural Water Management Techniques

Agricultural water 

efficiency 

techniques systems)

reduce water waste

holding capacity

and heat control and irrigation)

Agricultural water 

quality 

improvement 

techniques

runoff
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cally made up of a foreman and skilled laborers. The crews are often trained by the dealer 
or contractor or by the water supplier and have very specific skill sets that are difficult 
to find. The labor-intensive components occur in implementing the installation and 
operations stage, while the irrigation technologies dominate the business aspect of the 
process. Other occupations essential to installation include precision agriculture techni-
cian, agricultural technician, purchasing agent, and buyer of farm products.

A recent analysis found that implementation of a range of agricultural best manage-
ment practices would generate 14.6 jobs per $1 million invested (Rephann 2010). Re-

FIGURE 3.5 OCCUPATIONS IN AGRICULTURAL WATER EFFICIENCY AND QUALITY
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searchers found that if full implementation of agricultural practices outlined in the 2005 
Commonwealth of Virginia Chesapeake Bay Nutrient and Sediment Reduction Tributary 
Strategy were achieved, 11,751 person-years of employment would be created (Chesa-
peake Bay Foundation 2011). The majority of direct jobs generated would be in construc-
tion, construction-related services, and agricultural and forestry support industries. Ad-
ditional indirect and induced jobs would be created in other industries.

An additional set of occupations that appear in multiple sustainable water strategies 
are general roles that we did not include in the descriptions of different strategies. These 
include the following:

 • Accountants and auditors

 • Bookkeeping, accounting, and auditing clerks

 • Building cleaning workers, all other

 • Business operations specialists, all other

 • Chief executives

 • Executive secretaries and administrative assistants

 • First-line supervisors and managers of office and administrative support 
workers

 • General and operations managers

 • Human resources managers

 • Management analysts

 • Managers of office and administrative support workers

 • Marketing managers

 • Office and administrative support workers, all other

 • Office clerks—general

 • Public relations specialists

 • Receptionists and information clerks

 • Secretaries, except legal, medical, and executive

 • Vocational education teachers, postsecondary

Job Quality and Growth in Sustainable Water 
Occupations
Who is currently working in sustainable water occupations, and in what conditions? 
Which of these occupations would be appropriate for focused efforts to increase oppor-
tunities for disadvantaged communities? These questions are key to identifying strate-
gies that advance ecological preservation and address economic inequality. It is clear 
from the previous section and other analyses that significant jobs are created when many 
types of sustainable water strategies are implemented. For these strategies to achieve the 
goal of advancing economic equality, there must be sufficient opportunities and appro-
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priate pathways for disadvantaged communities to access these opportunities (Moore  
et al. 2013).

Our approach to identifying green job opportunities is to focus on jobs that are al-
ready growing in the overall economy, recognizing that we may be able to take action 
to make them grow greener and faster. This is rooted in some important lessons from 
past green job efforts. Much of the previous investment in green jobs went into prepar-
ing workers for occupations that were green and entirely new, such as solar installers 
and energy auditors, yet the demand for graduates of these programs fell short. Because 
these workers were not prepared with a broader set of skills that qualified them for con-
ventional occupations, they were left with limited options for employment. We follow the 
Center on Wisconsin Strategy (White et al. 2012) and others who recognize that all occu-
pations will likely change as sustainable strategies reshape the tasks they carry out, but 
the priority for training new workers should be on green skills embedded in a broader set 
of skills for growing occupations. Our analysis to identify sustainable water occupations 
that are more opportune is guided by the following questions:

 • Which sustainable water occupations are expected to have significant  
future growth beyond any growth in the water-related industries?

 • What level of education and experience is required to gain employment 
in these occupations?

 • What are the wages and the level of union representation in these  
occupations?

 • What are the demographics of the current workforce in sustainable water 
occupations?

 • In which occupations are workers required to have unique skills in order 
to be able to work on sustainable water projects?

 • What educational pathways and barriers may exist to workers from  
disadvantaged communities seeking employment in these occupations?

We focus on occupations for which at least 100,000 job openings are projected for the 
year 2020. This is the threshold used by the Occupational Information Network (O*NET) 
for its Bright Outlook status.

The level of education and experience required for workers to access employment can 
be a barrier or a pathway, depending on the accessibility of educational opportunities 
that match time availability, language, cost, and prerequisites to the worker. The appro-
priate level of education and experience also depends on aspirations of the prospective 
workers. An occupation that requires higher education may be completely appropriate 
for a community college student setting a ten-year goal, whereas an adult parent with 
little time to go back to school may be looking for a shorter pathway into an occupation 
with family-supporting wages.

Twenty-seven sustainable water-related occupations have more than 100,000 job 
openings projected for 2020 in the overall economy and have relatively accessible educa-
tion and experience requirements consistent with job zones 1 through 3 as defined by 
O*NET. Nine of these occupations require little or no previous work experience or edu-
cation (job zone 1); eight require some experience and education (job zone 2); and ten 
require experience and some formal education (job zone 3).
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Of the twenty-seven sustainable water-related occupations with a high number of 
projected openings, half have median wages above the national median wage of $16.57 
per hour. Of those in job zone 1, the median hourly wage ranges from $10.50 to $14.50. 
In job zone 2, median hourly wage ranges from the $11.50 earned by laborers and freight 
movers to the $20 of operating engineers. Median wages of occupations in job zone 3 
vary widely, with recreation workers and maintenance and repair workers earning $10.50 
and $17, respectively, and business operations specialists and agricultural managers 
earning more than $30 per hour.

Unionization in these occupations varies from the low 4–7 percent of farmworkers 
and recreation workers to 20 percent of construction workers and plumbers. For the 
management-level occupations, union representation is not applicable, but for occu-
pations such as brownfield site manager, business operations specialist, and first-line 
office supervisor, workers may be eligible for union representation. These latter three 
occupations are notable because they have low union representation yet have among 
the highest median hourly wages. The occupations with higher levels of union represen-
tation are also among those with extremely low percentages of female workers.

The gender makeup of the workforce in these sustainable water occupations suggests 
a dividing line between clerical occupations and those that involve managerial or man-
ual labor roles. For all but four of the fifteen occupations for which worker demographic 
data are available, the percentage of female workers is well below the national average of 
47 percent. The four occupations with an above-average number of female workers are 
office clerk; receptionist and information clerk; bookkeeping, accounting, and auditing 
clerk; and business specialist, all of which are at least two-thirds women.

The racial makeup of workers in sustainable water occupations ranges from the pre-
dominantly white agricultural managers to the disproportionately Latino and African 
American laborers and truck drivers. Latino, African American, and Asian American 
workers constitute 30 percent of US workers and make up a similar proportion of workers 
in clerical occupations and carpenters. These workers are underrepresented in positions 
as farmers, ranchers, and other agricultural managers (6 percent); general and operations 
managers (17 percent); bookkeeping, accounting, and auditing clerks (20 percent); electri-
cians (22.5 percent); operating engineers and other construction equipment operators (22 
percent); and business operations specialists (25 percent).

The underrepresentation of people of color working as agricultural managers and 
general managers is concerning, given that these occupations are the two of the highest-
paid sustainable water occupations that do not require advanced degrees. Agricultural 
managers and general managers are projected to have 235,000 and 410,000 openings in 
2020 and currently have median hourly wages of $31 and $45.75, respectively.

Ten sustainable water occupations are projected to have more than 100,000 job open-
ings by 2020 and require higher education and experience consistent with job zones 4 
and 5. These occupations tend to have higher median wages and lower percentages of 
women, workers of color, and union representation than those requiring less educa-
tion and training. Median hourly wages range from the $21 and $22 earned by execu-
tive secretaries and graphic designers to above $35 for sales representatives of wholesale 
products and manufacturers of technical products, civil engineers, management ana-
lysts, and construction managers. Women represent less than half the national average 
percentage of the workforce in positions as construction managers, cost estimators, and 
civil engineers, and women are also underrepresented as chief executives and manage-
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ment analysts. Union representation among these occupations is expectably low, con-
sidering that they are commonly management-level positions. Chief executives are the 
only occupation categorized in job zone 5, requiring the highest level of education and 
experience, and receive a median wage of $80 hourly.

Conclusions
The United States faces a complex set of water-related challenges that can be addressed 
only with a greater commitment to invest in sustainable solutions. Failure to rise to this 
challenge will leave crumbling infrastructure, contaminated waterways, and water short-
ages that threaten public health, economic growth, and ecosystems in myriad ways. Sus-
tainable approaches take advantage of the potential for decentralized facilities; efficient 
technologies; flexible public, private, and community-based institutions; innovative 
economics; and human capital. These solutions can be grouped into five major strate-
gies: urban water conservation and efficiency, stormwater management, restoration and 
remediation, alternative water sources, and agricultural water efficiency and quality.

The types of jobs involved in implementing sustainable water strategies cover a broad 
range of occupations. Our full analysis (Moore et al. 2013) identified 136 occupations 
involved in the work of achieving more sustainable water outcomes in agriculture, ur-
ban residential and commercial settings, restoration and remediation, alternative water 
sources, and stormwater management.

The extent of employment created by sustainable water practices is substantial. The 
data available point to 10–15 jobs per $1 million invested in alternative water supplies; 
5–20 in stormwater management; 12–22 in urban conservation and efficiency; 14.6 in 
agricultural efficiency and quality; and 10–72 jobs per $1 million invested in restoration 
and remediation. The view that environmental conservation produces net job losses is 
not supported by any of the data on sustainable water projects.

The potential for job creation through implementation of sustainable water strategies 
has been largely ignored by policy makers, scholars, and practitioners, with the efforts on 
green jobs mostly limited to energy efficiency and renewable energy activities. This has 
left a gap in understanding and action on these opportunities.

Many of the occupations involved in sustainable water projects are also projected to 
have high demand in the overall economy. Thirty-seven sustainable water occupations 
are projected in the overall economy to have more than 100,000 job openings by 2020. 
Workers trained to advance water sustainability in these occupations will likely experi-
ence high demand and have the competitive edge of holding green skills. The high num-
ber of workers who will move into these occupations also means that there may be a 
growing demand for occupational training, creating an opportunity to train a new gen-
eration with the green skills that will make their sector more sustainable.

Numerous sustainable water occupations are accessible to workers without advanced 
degrees. Twenty-seven of the thirty-seven occupations projected to have 100,000 job 
openings by 2020 generally require on-the-job training, with some requiring previous 
experience and associate’s degrees or technical training but not graduate degrees. This 
translates to a more feasible pathway to employment for adults without formal educa-
tion beyond high school.

While data are limited, the existing training and education programs preparing work-
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ers with the skills needed in sustainable water fields appear nascent and small in scale. 
Conventional educational and job training resources such as community colleges and 
union apprenticeships are only beginning to integrate green skills into their water-related  
occupational training. And the link to disadvantaged communities is even more tenu-
ous. Our analysis identified fewer than a dozen independent nonprofit organizations in 
the United States that are providing disadvantaged communities with job training and 
certification for sustainable water-related careers.

Existing programs linking disadvantaged communities to sustainable water opportu-
nities face multiple challenges in designing and implementing programs, meeting the 
scale of need, and placing program graduates. Programs have difficulty matching train-
ing to actual labor demand for particular occupations and skills. Certifications and li-
censing related to sustainable water occupations too often are accepted in too small a 
geographic area or too narrow an industry to provide workers and employers with the 
needed level of confidence in their value.

Existing training programs have also developed promising strategies for connecting 
disadvantaged communities to sustainable water jobs. Hybrid models that both train 
and hire workers through coordinated business and nonprofit branches have found 
greater success in placing graduates and maintaining stable funding. Organizations with 
contracts to provide operation and maintenance services for public and private enti-
ties have also found a more stable source of funding and practical work experience for 
participants. However, training programs are unlikely to achieve substantial economic 
improvements for disadvantaged communities unless they are coupled with policy that 
increases and targets demand for new workers.

Recommendations
The research points to several action areas in research, policy, and community organiz-
ing that would facilitate greater opportunities in sustainable water jobs. These oppor-
tunities can best be understood, planned for, and taken advantage of with future efforts 
that consider the following recommendations.

Improve and Expand Data Collection and Research
Agencies managing state revolving funds and other state and federal funding programs 
should require grantees and loan recipients to submit information on job types and 
numbers using a template aligned with standard occupational codes.

Models for financing the ongoing operation and maintenance of sustainable water 
projects must be developed, piloted, and refined to ensure that desired environmental 
and economic outcomes are sustained. This research should start with the lessons of 
leading efforts at the local scale, such as those related to stormwater in Portland and 
Philadelphia.

Workforce development and training organizations must increase their capacity to 
track and evaluate job placement and other program outcomes to strengthen the feed-
back loop that will improve programming and broader understanding of best practices.

Economic research projecting job generation of sustainable water projects should in-
corporate data on the occupations and types of firms specific to these projects, as in some 
cases they differ significantly from those involved in conventional water project industries.
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Integrate Sustainable Job Priorities into Policy and Planning
Water utilities, state water agencies, planning departments, and other public entities 
funding and managing sustainable water projects should implement “high-road” strate-
gies that consider job quality, training, and targeted hiring as an integral component of 
project design and implementation. This should include local hiring and minority hir-
ing requirements and incentives that increase contracting with and hiring of individuals 
from local and disadvantaged communities.

Considering the strong interdependence between water and energy use, policy and 
workforce efforts to take advantage of the win-win solutions at this nexus should be 
strengthened.

Better planning for and investment in financing of the ongoing operation and mainte-
nance of sustainable water projects is needed to ensure that the maximum environmen-
tal and employment benefits are realized.

Support Community Programs and Partnerships
Unions, community-based organizations, and environmental advocates should join to-
gether in envisioning and promoting policies and funding programs that incorporate 
high-road work opportunities into sustainable water projects.

Workforce development and training organizations must build stronger partnerships 
with unions and employers to ensure that training is well aligned with emerging occupa-
tions and skill sets, and they must increase placement rates for program participants.

Training programs seeking to improve access of disadvantaged communities to sus-
tainable water jobs should focus on occupations that are projected to have high labor 
demand in the overall economy. Data on the labor demand generated by sustainable 
water projects alone is not robust enough to justify training workers for these jobs unless 
their training will also prepare them to qualify for conventional occupations in demand.

Partnerships between industry associations, labor unions, and training programs are 
needed to develop, deliver, and evaluate and update standardized training and certifica-
tion that reflects actual skills needed and that is accessible to disadvantaged communi-
ties. This should include the creation of a centralized, up-to-date clearinghouse of train-
ing curriculum and certification standards.
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Hydraulic Fracturing and  

Water Resources
What Do We Know and Need to Know?

Heather Cooley and Kristina Donnelly

According to some energy analysts, natural gas is “poised to enter a golden age” as a result 
of the availability and development of large volumes of new sources of unconventional 
natural gas, including coal bed methane, tight gas, and shale gas. Historically, natural 
gas production from unconventional reserves has been limited. In 2010, unconventional 
natural gas accounted for about 14 percent of total global natural gas production. The 
International Energy Agency (IEA) projects that by 2013 annual production from un-
conventional sources will triple and will represent about one-third of all natural gas 
production (IEA 2012). While North America, especially the United States and Canada, 
dominated unconventional gas production in 2010, growth in unconventional gas pro-
duction is expected widely around the world (IEA 2012). China, in particular, is projected 
to experience major increases in production, becoming the second-largest producer af-
ter the United States. While shale gas accounts for the vast majority of growth in natural 
gas production, some growth is also projected for tight gas.

Natural gas is typically classified as conventional or unconventional. Conventional 
natural gas is generally held as a pocket of gas beneath a rock layer with low permeabil-
ity and flows freely to the surface once the well is drilled. By contrast, unconventional 
natural gas is more difficult to extract because it is trapped in rock with very low perme-
ability. Extracting natural gas from unconventional sources is more complex and costly 
than conventional natural gas recovery. Technological improvements, however, have 
made extraction from unconventional sources more economically viable in recent years. 
In particular, the combination of horizontal drilling and hydraulic fracturing has greatly 
increased the productivity of natural gas wells. These new techniques have also raised 
concerns about the adverse environmental and social consequences of these practices, 
especially effects on water resources.

To date, much of the debate about hydraulic fracturing has centered on the use of 
chemicals and concerns that these chemicals could contaminate drinking water. In 
response, numerous states have passed or are considering regulations requiring natu-
ral gas operators to disclose the chemicals used during well injection. Additionally, the 
Groundwater Protection Council and the Interstate Oil and Gas Compact Commission 
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have established a public website that allows companies to voluntarily disclose water 
and chemical usage for wells since January 2011 that have been hydraulically fractured, 
although it is of note that these data are not subject to third-party verification and are 
not in a format that can be searched or aggregated.

The debate has been particularly controversial in the United States, where the major-
ity of unconventional natural gas development has been concentrated. To better iden-
tify and understand the key issues, the Pacific Institute conducted extensive interviews 
with a diverse group of stakeholders, including representatives from state and federal 
agencies, academia, industry, environmental groups, and community-based organiza-
tions from across the United States. This chapter provides a short summary of the key 
issues identified in the interviews and in an initial assessment and synthesis of existing 
research. It especially examines the impacts of hydraulic fracturing and unconventional 
natural gas extraction on water resources and identifies areas in which more information 
is needed. More detail is available in the full report (Cooley and Donnelly 2012).

Overview of Hydraulic Fracturing
Hydraulic fracturing, or fracking, refers to the process by which fluid is injected into wells 
under high pressure to create cracks and fissures in rock formations that improve the 
production of these wells. These fissures can extend more than 300 meters (1,000 feet) 
from the well (Veil 2010). The fracturing fluid consists of water, chemical additives, and a 
propping agent. The propping agent—typically sand, ceramic beads, or another incom-
pressible material—holds open the newly created fissures to allow the natural gas to flow 
more freely. In the first few days to weeks after completion of the fracturing process, the 
well pressure is released and some of the fracturing fluid (referred to as flowback) flows 
back to the surface through the well bore. Some unknown volume of fracturing fluid, 
along with its chemical additives, remains underground. Over longer time periods, any 
water naturally present in the ground (referred to as produced water) continues to flow 
through the well to the surface. The flowback and produced water, which can be con-
siderably saltier than seawater and contain a variety of other contaminants (IOGCC and 
ALL Consulting 2006), are typically stored on-site in tanks or pits before reuse, treatment, 
or disposal. There are varying and conflicting reports on whether and to what extent 
wells will be fracked multiple times over their productive life (Nicot et al. 2011), although 
this will likely depend on local geology, spacing of wells, and natural gas prices.

Hydraulic fracturing was first developed in the early twentieth century but was not 
commercially applied until the mid- to late 1940s. Although initially developed to im-
prove the production of oil and gas wells, hydraulic fracturing has been used in other 
applications, including development of drinking water wells (NHDES 2010), disposal 
of wastes, and enhancement of electricity production from geothermal energy sources. 
Hydraulic fracturing is standard practice for extracting natural gas from unconventional 
sources, including coal beds, shale, and tight sands, and is increasingly being applied 
to conventional sources to improve their productivity. While the process is the same, 
the various applications of hydraulic fracturing differ in their water requirements, the 
amount and types of chemicals employed, and the quantity and quality of wastewater 
generated.
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We note that there is no single definition of “hydraulic fracturing.” Some, including 
industry representatives, define hydraulic fracturing narrowly, referring only to the pro-
cess by which fluids are injected into a well bore. They argue that some of the challenges, 
such as wastewater disposal, spills, and leaks, are common to all oil and gas operations 
and therefore are not specifically associated with hydraulic fracturing. Others, however, 
define the issue more broadly to include impacts associated with well construction and 
completion, the hydraulic fracturing process itself, and well production and closure (US 
EPA 2011c; ProPublica 2012). For these groups, hydraulic fracturing and unconventional 
natural gas production are synonymous because hydraulic fracturing has allowed for the 
development of these unconventional natural gas resources. Without hydraulic fractur-
ing, shale gas production would be far more limited. For the purposes of this analysis, we 
use a broader definition of hydraulic fracturing to include impacts associated with well 
construction and completion, the hydraulic fracturing process itself, and well produc-
tion and closure (Cooley and Donnelly 2012).

Concerns Associated with Hydraulic Fracturing 
Operations
Hydraulic fracturing has generated a tremendous amount of controversy. There are dai-
ly media reports from outlets across the United States, Canada, South Africa, Australia, 
France, England, and elsewhere about environmental, social, economic, and communi-
ty impacts. In an effort to identify the key issues, the Pacific Institute interviewed sixteen 
representatives of state and federal agencies, academia, industry, environmental groups, 
and community-based organizations in the United States. Their responses are summa-
rized in figure 4.1. Although the sample size was relatively small, the interviews were ex-
tensive, and the detailed responses from these diverse stakeholders are similar across 
the spectrum and indicative of the broad range of concerns associated with hydraulic 
fracturing raised in other forums.

All of the interviewees indicated that impacts on the availability and quality of water 
resources were among the primary concerns associated with hydraulic fracturing opera-
tions. Water-related findings of the interviews include the following:

 • Spills and leaks were the most commonly cited concern, with fourteen of 
the sixteen people interviewed expressing concern.

 • Thirteen of the interviewees considered wastewater treatment and disposal 
to be key challenges. One industry representative noted that wastewater 
management was perhaps a larger issue than chemical usage.

 • Three-quarters of the interviewees were concerned about the water  
requirements of hydraulic fracturing. This concern was not limited to  
interviewees in the most arid regions; rather, it was expressed by people 
working in various regions across the United States. In some cases, the 
concern was directly related to the effects of large water withdrawals on 
the availability of water for other uses. In other cases, concern was related 
to how large withdrawals would affect water quality.
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 • Nearly half of the interviewees explicitly identified water quality as a key 
issue. Many of the other concerns mentioned, such as spills, leaks, and 
wastewater management, also imply concern about water quality. One in-
terviewee expressed concern about surface water contamination associ-
ated with air emissions.

 • Less than one-third of those interviewed specifically identified chemical 
usage and the associated risk of groundwater contamination as key issues, 
although many more expressed concern about groundwater contamina-
tion more broadly. Some of the interviewees thought that with so much 
attention given to chemical usage, inadequate attention is given to some of 
the other issues, such as wastewater disposal and methane migration, 
which may ultimately pose more serious risks.

 • One issue identified in our interviews that was not directly related to envi-
ronmental impacts was the overall lack of information, with half of those 
interviewed describing it as a key problem. Several commented on the 
complexity of the issues and the difficulty of explaining the technology to 
the general public.

FIGURE 4.1 KEY CONCERNS IDENTIFIED BY INTERVIEWEES

Note: Results are based on interviews with sixteen representatives of state and federal agencies, 

academia, industry, environmental groups, and community-based organizations.

Number of Those Interviewed
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Water Challenges
In this section, we summarize the available information on the following key water- 
related concerns identified by those interviewed: (1) water withdrawals; (2) groundwater 
contamination associated with well drilling and production; (3) wastewater manage-
ment; (4) truck traffic and its impacts on water quality; (5) surface spills and leaks; and 
(6) stormwater management. This information is largely drawn from a review of the aca-
demic and gray literature and from media reports. Our focus throughout this chapter is 
on shale gas, although we discuss other unconventional natural gas sources for which 
information is readily available. Here, we evaluate the impacts associated with well con-
struction and completion, the hydraulic fracturing process itself, and well production 
and closure.

Water Withdrawals
The drilling and fracking of a horizontal shale gas well uses large volumes of water, al-
though the amount of water required is both variable and uncertain. The US Environ-
mental Protection Agency (EPA) reports that fracturing of shale gas wells requires be-
tween 2.3 million and 3.8 million gallons of water per well (US EPA 2011c).1 An additional 
40,000–1,000,000 gallons is required to drill the well (GWPC and ALL Consulting 2009). 
This is considerably more water than is required for conventional gas wells and even for 
coal bed methane because the wells to access shale gas are deeper. Water requirements 
for hydraulic fracturing of coal bed methane, for example, range from 50,000 to 350,000 
gallons per well (US EPA 2011c), although we note that these estimates may be outdated 
and may not include the application of more recent water-intensive processes.

New data, however, suggest that the water requirements for fracking of shale gas wells 
might be both much larger and more variable than is reported by the EPA (table 4.1). 
For example, Thomas Beauduy (2011) of the Susquehanna River Basin Commission finds 
that fracking in the Marcellus Shale region requires, on average, about 4.5 million gallons 
per well. Water requirements can be even greater within Texas’s Eagle Ford Shale area, 
where fracking can use up to 13 million gallons of water per well (Nicot et al. 2011), with 
additional water required to drill the wells. These data highlight the significant variation 
among shale formations, driven in part by differences in the depth to the target forma-
tion, even among wells within close proximity of one another (Nicot et al. 2011). Estima-
tion of water requirements is further complicated by uncertainty about how many times 
a single well will be fracked over the course of its productive life and by limited publicly 
available data.

Water for hydraulic fracturing is typically withdrawn from one location or watershed 
over several days (Veil 2010). Additionally, in some cases, the water is taken from “re-
mote, often environmentally sensitive headwater areas” (Beauduy 2011, 34), where even 
small withdrawals can significantly affect the flow regime. As a result, while fracking may 
account for a small fraction of a state’s or even a basin’s water supply, there can be more 
severe local impacts. Additionally, much of the water injected underground either is not 

1. While The World’s Water volumes prefer to consistently use metric units, much of the research on water and 
fracking discussed here is based on work done in the United States, so we have opted to report the original 
units. For reference, one cubic meter contains 264.2 gallons. Additional conversion factors can be found in 
the Water Units, Data Conversions, and Constants section near the end of this book.
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recovered or is unfit for further use once it is returned to the surface, usually requiring 
disposal in an underground injection well. This water use represents a consumptive use 
if it is not available for subsequent use within the basin from which it was extracted. In 
some cases, water is treated and reused for subsequent fracking jobs, although this is still 
fairly uncommon, and no national estimate on the prevalence of this practice is available 
(US GAO 2012).

There is some evidence that the water requirements for hydraulic fracturing are al-
ready creating conflicts with other uses and could constrain future natural gas produc-
tion in some areas. For example, in Texas, a major drought in 2011 prompted water agen-
cies in the region to impose mandatory reductions in water use. Water agencies, some 
of which sold water to natural gas companies, indicated they might have to reconsider 
these sales if the drought persisted. Natural gas companies also tried to purchase water 
from local farmers, offering $9,500 to nearly $17,000 per million gallons of water (Car-
roll 2011). Likewise, at an auction of unallocated water in Colorado during the spring of 
2012, natural gas companies successfully bid for water that had previously been largely 
claimed by farmers, raising concerns among some about the impacts on agriculture in 
the region and on ecosystems dependent on return flows (Finley 2012).

Concerns over water availability are not limited to drier climates. Pennsylvania is gen-
erally considered a relatively water-rich state. However, in August 2011, thirteen previ-
ously approved water withdrawal permits in Pennsylvania’s Susquehanna River basin 
were temporarily suspended because of low stream levels; eleven of these permits were 
for natural gas projects (Susquehanna River Basin Commission 2011). While parts of the 
state were abnormally dry, the basin was not experiencing a drought at the time, suggest-
ing that natural gas operations are already creating conflict with other water uses under 
normal conditions. In many basins, the application of fracking is still in its infancy and 
continued development could dramatically increase future water requirements and fur-
ther intensify conflicts with other uses.

While water withdrawals directly affect the availability of water for other uses, wa-
ter withdrawals can also affect water quality. For example, withdrawals of large volumes 
of water can adversely affect groundwater quality through a variety of means, such as 
mobilizing naturally occurring substances, promoting bacterial growth, causing land 
subsidence, and mobilizing lower-quality water from surrounding areas. Similarly, with-
drawals from surface water can affect the hydrology and hydrodynamics of the source 
water (US EPA 2011c), and reductions in the volume of water in a surface water body can 
reduce the ability to dilute municipal or industrial wastewater discharges.

Given the proposed expansion of drilling in many regions, conflicts between natural 
gas companies and other users are likely to intensify. More and better data are needed on 

TA B L E 4.1  Water Requirements for Hydraulic Fracturing by Shale Plays in Texas

Shale Play
Water Requirements (Gallons per Well)

Low Value Median Value High Value

Barnett Shale < 1 million 2.6 million > 8 million

Haynesville and Bossier Shales < 1 million 5.5–6 million > 10 million

Eagle Ford Shale 1 million 6–6.5 million 13 million 

Woodford, Pearsall, and Barnett-PB Shales < 1 million 0.75–1 million < 5 million

Source: Estimated on the basis of data in Nicot et al. (2011).
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the volume of water required for hydraulic fracturing and the major factors that deter-
mine the volume, such as well depth and the nature of the geologic formation. Additional 
analysis is needed on the cumulative impacts of water withdrawals on local water avail-
ability, especially given that water for hydraulic fracturing can be a consumptive use of wa-
ter. Finally, more research is needed to identify and address the impacts of these large wa-
ter withdrawals on local water quality. This work must be done on a basin-by-basin level.

Groundwater Contamination Associated with Well Drilling  
and Production
Groundwater contamination from shale gas operations can occur through a variety of 
mechanisms. Natural gas is located at various depths, often (but not always) far below 
underground sources of drinking water. A well bore, however, must sometimes be drilled 
through these drinking water sources in order to access the gas. Chemicals and natural 
gas can escape the well bore if it is not properly sealed and cased. While there are state 
requirements for well casing and integrity, accidents and failures still occur, as was dem-
onstrated by an explosion in Dimock Township, Pennsylvania (see box 4.1 for more infor-
mation). Old, abandoned wells can also potentially serve as migration pathways (US EPA 
2011b) for contaminants to enter groundwater systems. States have estimated that there 
are roughly 150,000 undocumented and abandoned oil and gas wells in the United States 
(IOGCC 2008). Natural underground fractures, as well as those potentially created during 
the fracturing process, could also serve as conduits for groundwater contamination (My-
ers 2012). Finally, coal bed methane is generally found at shallower depths and in closer 
proximity to underground sources of drinking water, and therefore accessing natural gas 
from this source might pose a greater risk of contamination.

Much of the debate about groundwater contamination—and some of the most strik-
ing visual images showing water and burning natural gas coming out of home faucets—
is related to reports of methane contamination in drinking water. Nearly 90 percent of 
shale gas is composed of methane. A study in New York and Pennsylvania found that 
methane levels in drinking water wells in active gas production areas (less than 1 kilome-
ter, or about five-eighths of a mile, from wells) were seventeen times higher than in those 
outside of active gas production areas. An isotopic analysis of the methane suggests that 
the methane in the active gas production areas originated from deep underground (Os-
born et al. 2011).

Methane is not currently regulated in drinking water, although it can pose a public 
health risk. Robert B. Jackson of Duke University and his colleagues (2011) note that 
methane is not regulated in drinking water because it is not known to affect water’s po-
tability and does not affect its color, taste, or odor. Methane, however, is released from 
water into the atmosphere, where it can cause explosions, fires, asphyxiation, and other 
health or safety problems. The 2009 New Year’s Day drinking water well explosion in Di-
mock, Pennsylvania, for example, was due to methane buildup associated with natural 
gas production. The US Department of the Interior recommends taking mitigative action 
when methane is present in water at concentrations exceeding 10 milligrams per liter 
(mg/l) (Eltschlager et al. 2001). A recent study, however, notes that research on the health 
effects is limited and recommends that “an independent medical review be initiated to 
evaluate the health effects of methane in drinking water and households” (Jackson et al. 
2011, 5).



BOX 4.1 Dimock Township, Pennsylvania

Dimock Township is located in northeastern Pennsylvania’s Susquehanna 
County, the heart of some of the most productive drilling areas in the Marcel-
lus Shale play. On New Year’s Day in 2009, a residential water well in Dimock 
exploded as a result of methane buildup in the well. Further investigation 
found methane gas in drinking water wells and in the headspaces of drinking 
water wells that provide water to local residents. These water wells were lo-
cated near drilling wells owned and operated by Cabot Oil & Gas Corporation, 
and in February 2009 the Pennsylvania Department of Environmental Pro-
tection (DEP) issued a notice of violation against the company, which stated 
that Cabot had discharged natural gas, failed to properly cement casings, and 
failed to prevent natural gas from entering fresh groundwater (PA DEP 2009). 
Pennsylvania has what is called a “rebuttable presumption” for drinking water 
pollution, whereby the oil and gas operator is assumed to be responsible for 
drinking water pollution that occurs within 1,000 feet and within six months 
of a drilling operation, unless the company can provide baseline data to refute 
the claim. In the absence of baseline data, the company is required to replace 
the water that has reportedly been lost or degraded (025 Pa. Code §78.51). 
Cabot was ordered to install methane detectors in nine homes and provide 
drinking water to four homes in the affected area (Lobins 2009).

The DEP conducted an investigation into the methane contamination 
and determined that Cabot was responsible for polluting thirteen drinking 
water wells, which was later revised to include an additional five wells (PA 
DEP 2010). Other violations were found, including several cases of improper 
or insufficient casings and excessive borehole pressure. In November 2009, 
the DEP entered into a consent order and settlement agreement with Cabot 
that required the company to permanently restore or replace water supplies 
for the affected homes and fix any wells identified to have improper or insuf-
ficient casing (PA DEP 2009). Cabot was also ordered to cease drilling in the 
area, and the company was later completely banned from fracking new or 
existing wells until authorized by the DEP.

Six well owners signed agreements with Cabot and had water treatment 
systems installed, including methane venting systems, although most were 
still using bottled water because they lacked confidence in the treatment sys-
tems. Twelve well owners refused to sign agreements with Cabot and took part 
in a civil suit. Cabot continued to provide temporary water service to these 
twelve homes. In October 2011, however, the DEP formally stated that Cabot 
had fully complied with the consent order and was no longer required to 
provide drinking water to Dimock residents (Legere 2011). The DEP allowed 
Cabot to stop providing water to the twelve homes that had not installed the 
water treatment systems because Cabot had provided a solution and the well 
owners had been given sufficient time to sign the agreement (US EPA 2011a).
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There is also significant concern about groundwater contamination from hydraulic 
fracturing fluids, although limited data are available. According to draft reports released 
in December 2011 and September 2012, however, EPA testing detected the presence of 
chemicals commonly associated with hydraulic fracturing in drinking water wells in Pa-
villion, Wyoming (US EPA 2011b, 2012c). Encana Oil and Gas Inc., the company respon-
sible for the natural gas wells, disputed the findings of the study, criticizing the EPA’s test-
ing methods and assumptions as well as the processes used to construct the monitoring 
wells and analyze the results (see box 4.2 for additional information).

Real analysis of the likelihood and extent of groundwater contamination is hindered 
by a lack of baseline data and confusion about definitions. Without baseline data, it is 
difficult to confirm or deny reports of groundwater contamination. In 2009, regulatory 
officials submitted signed statements to the United States Congress asserting that there 
were no confirmed cases of groundwater contamination associated with the hydraulic 
fracturing process (NYSDEC 2011). Likewise, an American Petroleum Institute report 
states that “there are zero confirmed cases of groundwater contamination connected 
to the fracturing operation in one million wells hydraulically fractured over the last 60 
years” (American Petroleum Institute 2010). Yet documented cases in Dimock, Pennsyl-
vania; possibly in Pavillion, Wyoming; and elsewhere provide evidence of groundwater 
contamination. In these cases, however, the contamination was associated with well cas-
ing integrity and wastewater disposal, not the process of injecting fluids underground 
per se—and so the issue is clouded by definitions.

Wastewater Management
Natural gas drilling also produces liquid waste. After completion of the fracturing pro-
cess, well pressure is released and some of the fracturing fluid, along with naturally oc-
curring substances, returns to the surface through the well bore. This mixture, common-
ly referred to as flowback, returns to the surface over the course of several hours to weeks 

Despite a subsequent announcement in December 2011 from the US Envi-
ronmental Protection Agency (EPA) that Dimock water was safe to drink, local 
residents submitted results from their own testing, which indicated that the 
water was polluted (McAllister and Gardner 2012). In January 2012, the EPA 
began sampling water at sixty-four homes in the area and supplying drinking 
water to four households that had shown elevated levels of contaminants that 
pose a health concern (US EPA 2012a). Results of the testing indicated that 
although five homes showed elevated levels of arsenic, barium, and manga-
nese—all naturally occurring substances not necessarily linked to fracking—
the private wells did not have contaminant levels that posed a health concern 
or exceeded the safe range for drinking water (US EPA 2012b). The EPA’s test-
ing also concluded that elevated levels of methane were present in some of the 
wells, although Cabot disputes whether the methane resulted directly from 
the drilling.
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after the fracturing process is completed (GWPC and ALL Consulting 2009). The amount 
of fracturing fluid that is actually recovered has not been well quantified and is likely to 
be highly variable, depending on local formation characteristics. While various sources 
quote estimates for the fracture fluid recovery rate (Beauduy 2011; Hoffman 2010; US 
EPA 2011c), a report by the Groundwater Protection Council (GWPC) and ALL Consult-
ing (2009, 67) notes that “it is not possible . . . to differentiate flow back water from natu-
ral formation water.” Thus, these estimates are likely based on assumptions rather than 
on actual data.

In addition to flowback, natural gas operations may generate produced water. Pro-
duced water “is any water that is present in a reservoir with the hydrocarbon resource 
and is produced to the surface with the crude oil or natural gas” (Veil et al. 2004, 1). Pro-
duced water can consist of natural formation water, that is, groundwater; naturally oc-
curring substances, such as radioactive materials, metals, and salts; and even some re-
sidual fracturing fluid. The physical and chemical properties of produced water depend 
on the local geology (Veil et al. 2004). Flowback and produced water often have very high 
levels of total dissolved solids (TDS), in some cases exceeding 200,000 mg/l (Kargbo et 
al. 2010), nearly three times higher than seawater. In a recent report, the US Government 
Accountability Office (US GAO 2012) found that the volume of produced water generated 
by a given well varies depending on the type of hydrocarbon produced, the geographic 
location of the well, and the method of production.

Wastewater resulting from natural gas production is temporarily stored in pits, em-
bankments, or tanks at the well site and then transported, usually via pipeline or truck, 
to a disposal site. Pits can lead to groundwater contamination, particularly if the pits 
are unlined or if the integrity of the lining is compromised. In Pavillion, Wyoming, for 
example, high concentrations of benzene, xylenes, and other organic compounds asso-
ciated with gasoline and diesel were found in groundwater samples from shallow moni-
toring wells near pits (US EPA 2011b) (see box 4.2 for additional information on Pavillion,  
Wyoming).

Wastewater from natural gas operations can be disposed of using a variety of meth-
ods. In most areas, the primary way to dispose of wastewater from natural gas operations 
is by injection into a Class II well.2 In 1988, the EPA made a determination that oil and gas 
waste is exempt from hazardous waste regulations under the Resource Conservation and 
Recovery Act of 1976. As a result, oil and gas wastes can be disposed of in Class II wells 
rather than in Class I hazardous waste wells.3 Class II wells are subject to less stringent 
requirements than are Class I wells, and therefore disposal in Class II wells presents a 
greater risk of contaminating groundwater and triggering earthquakes than in Class I 
wells (Hammer and VanBriesen 2012).

The EPA estimates that there are about 144,000 Class II wells in operation in the United  
States, about 20 percent of which are disposal wells for brine and other fluids from oil 
and natural gas production. A Class II well might be an on-site well operated by the natu-
ral gas company or, more commonly, an off-site well operated by a commercial third 

2. An injection well is a site where fluids, such as water, wastewater, brine, or water mixed with chemicals, are 
injected deep underground into porous rock formations, such as sandstone or limestone, or into or below the 
shallow soil layer. Injection wells are used for long-term storage, waste disposal, enhancement of oil produc-
tion, mining, and prevention of saltwater intrusion.

3. States can adopt more stringent regulations if desired.



BOX 4.2 Pavillion, Wyoming

The Pavillion gas field is located in central Wyoming in the Wind River basin, 
the upper portion of which serves as the primary source of drinking water for 
the area. Oil and gas exploration began in the area in the 1950s and increased 
dramatically between 1997 and 2006. The Pavillion gas field is composed of a 
mix of sandstone and shale; at the time of this writing, the field had 169 verti-
cal gas production wells. Encana Oil and Gas Inc. owns the rights to the Pavil-
lion field and began drilling in the area in 2004 after acquiring another drilling 
company. Encana has not drilled any new wells since 2007 (US EPA 2011b).

In 2008, domestic well owners began complaining about taste and odor 
problems, and residents believed these issues to be linked to nearby natural 
gas activities. In response to complaints from local residents, the EPA initi-
ated an investigation, collecting four rounds of water samples from thirty-five 
domestic wells and two municipal wells between 2009 and 2011. The EPA also 
installed two deep monitoring wells in 2010 and took two rounds of samples 
from each of these wells. According to a draft report released in December 
2011, EPA testing found chemicals commonly associated with hydraulic frac-
turing in drinking water wells in the area (US EPA 2011b). The EPA also found 
that concentrations of dissolved methane in the domestic wells were higher 
near the gas production wells. The report concluded that nearby drilling ac-
tivities had “likely enhanced gas migration” (US EPA 2011b).

Encana is disputing the EPA’s preliminary findings. According to Encana, 
methane is “commonly known” to occur in the shallow groundwater aqui-
fers in the area (Encana Oil and Gas Inc. 2011b) and is expected, given that 
the Pavillion gas field is also quite shallow (Encana Oil and Gas Inc. 2011a). 
Furthermore, Encana argues that Pavillion has always had poor water quality, 
referencing historical reports that levels of sulfate, total dissolved solids, and 
pH “commonly exceed state and federal drinking water standards” (Encana 
Oil and Gas Inc. 2011b). A 2011 report from the Wyoming Water Development 
Commission confirms that Pavillion’s water is generally of poor quality and 
has often had taste and odor problems. However, the Commission states that 
nearly all of the private wells meet federal and state drinking water standards 
(James Gores & Associates 2011). One of the challenges associated with the 
EPA’s analysis is that baseline data are not available to support claims about 
impacts on groundwater quality.

Encana continues to dispute the findings of the study, criticizing the EPA’s 
testing methods and assumptions as well as the processes used to construct 
the monitoring wells and analyze the results (Gardner 2012). Although the 
EPA has indicated its intention to submit the report to scientific review, the 
comment period on the draft report has been extended several times, most 
recently until September 2013, while the EPA collects and distributes new in-
formation and meets with stakeholders (Federal Register 2013).
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party (Veil 2010). In some cases, wastewater receives partial treatment prior to disposal 
to avoid clogging the well (Hammer and VanBriesen 2012).

With the proper safeguards, disposing of wastewater by underground injection re-
duces the risk of releasing wastewater contaminants into the environment; however, it 
increases the risk of earthquakes and can require the transport of wastewater over long 
distances (Hammer and VanBriesen 2012; Keranen et al. 2013). Some states do not have 
sufficient injection well capacity to handle the volume of wastewater generated from 
expanding hydraulic fracturing operations, so wastewater is transported to neighboring 
states for disposal (Veil 2010). For example, as of late 2010, Pennsylvania had only seven 
active disposal wells, and some wastewater had been hauled to Ohio, West Virginia, and 
other states for disposal (STRONGER 2010; Veil 2010).4

Flowback and produced water have been treated at municipal wastewater treatment 
plants (GWPC and ALL Consulting 2009), although this practice is both uncommon and 
controversial. Municipal systems are not typically designed to handle this type of waste-
water, which can potentially disrupt the treatment process and discharge salts and other 
contaminants into the environment. In 2008 and 2009, TDS levels exceeded drinking wa-
ter standards along Pennsylvania’s Monongahela River, a major source of drinking water 
that receives discharges from facilities handing wastewater from natural gas production 
(STRONGER 2010). In 2009, excess TDS, primarily from mining discharges, “wiped out 
26 miles of stream” in Greene County, Pennsylvania (STRONGER 2010, 22). In response, 
regulations for new or expanded facilities that accept oil and gas wastewater, including 
municipal wastewater treatment plants and centralized treatment plants, were passed in 
2010 that set strict monthly discharge limits for TDS, chlorides, barium, and strontium 
(STRONGER 2010). Municipal wastewater treatment plants in Pennsylvania can still re-
ceive wastewater from “grandfathered” natural gas operations, although this has now 
been virtually eliminated (Hammer and VanBriesen 2012).

Wastewater reuse is becoming more common, driven in large part by the challenges 
associated with wastewater disposal and in part by the growing difficulty of finding new 
sources of water for fracking operations. Reusing wastewater for new fracking activities 
reduces the total volume of water required, helping to minimize impacts associated with 
water withdrawals. Wastewater can also be reused for irrigation, dust control on unpaved 
roads, and deicing of roads (US EPA 2011c; Hammer and VanBriesen 2012). In most cas-
es, the wastewater must be treated prior to reuse, but in others it is simply blended with 
freshwater to bring the levels of TDS and other constituents down to an acceptable range 
(Veil 2010). Treatment for reuse can occur at the well site using a mobile plant or at a 
centralized industrial facility. Some downsides of reuse include the need for more on-site 
storage, energy requirements for the treatment processes, and additional transportation 
needed to haul wastewater to the treatment plant and among sites. Additionally, con-
centrated treatment residuals, including brine, must be disposed of in some manner and 
may require dilution (NYSDEC 2011).

Wastewater treatment and disposal associated with hydraulic fracturing may prove to 
be a larger issue than some of the other water-related risks. Yet to date there has been little 
discussion about the risks that wastewater treatment and disposal pose. In some areas, they 
may physically or economically constrain natural gas operations. Additional work is needed 

4. Applications for at least twenty additional disposal wells are presently before the EPA (STRONGER 2010).



Hydraulic Fracturing and Water Resources  75

to understand the nature of the risk of wastewater treatment and disposal to human health 
and the environment and to identify where it may constrain natural gas operations.

Truck Traffic
Hydraulic fracturing operations generate a large amount of truck traffic. All of the mate-
rials and equipment needed for activities associated with hydraulic fracturing, includ-
ing water and chemicals, are typically transported to the site by trucks (US EPA 2011c). 
Additionally, wastewater from natural gas operations is usually removed by tanker truck 
to the disposal site or to another well for reuse. Using information from the natural gas 
industry, the New York State Department of Environmental Conservation estimates that 
high-pressure hydraulic fracturing in a horizontal well would require 3,950 truck trips 
per well during early development of the well field (NYSDEC 2011), two to three times 
more than is required for conventional vertical wells (see table 4.2). Much of the truck 
traffic is concentrated over the first fifty days following well development. Truck traffic 
could be reduced by nearly 30 percent if pipelines were used to move water between 
sites, although pipelines can create other concerns, such as leaks, spills, and right-of-
way controversies.

Truck traffic raises a variety of other water-related social and environmental concerns. 
Trucks increase wear and erosion on local roads and increase the risk of spills, both of 
which can pollute local surface water and groundwater. In addition, because so much of 
new drilling is occurring in rural locations, new roads must be built to accommodate the 
truck traffic, increasing habitat fragmentation and ecological disturbances.

TA B L E 4.2  Truck Traffic Estimates for Vertical and Horizontal Wells

Well Pad Activity

Horizontal Well Vertical Well

Heavy Truck Light Truck Heavy Truck Light Truck

Drill pad construction      45   90   32   90

Rig mobilization      95 140   50 140

Drilling fluids      45   15

Non-rig drilling equipment      45   10

Drilling (rig crew, etc.)      50 140   30   70

Completion chemicals      20 326   10   72

Completion equipment        5     5

Hydraulic fracturing equipment    175   75

Hydraulic fracturing water hauling    500   90

Hydraulic fracturing sand      23      5

Produced water disposal    100   42

Final pad preparation      45   50   34   50

Miscellaneous —   85 —   85

Total one-way, loaded trips per well 1,148 831 398 507

Total vehicle round trips per well 3,950 1,810
Source: NYSDEC (2011).

Note: Light trucks have a gross vehicle weight rating that ranges from 0 to 14,000 pounds. Heavy trucks have 
a gross vehicle weight rating in excess of 26,000 pounds. The gross vehicle weight is the maximum operating 
weight of the vehicle, including the vehicle’s chassis, body, engine, engine fluids, fuel, accessories, driver, pas-
sengers, and cargo but excluding any trailers.
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Surface Spills and Leaks
All fossil-fuel extraction activities come with some risk of surface water or groundwater 
contamination from the accidental or intentional release of waste. In the case of hydrau-
lic fracturing, common wastes of concern include fracking fluid, additives, flowback, and 
produced water. Fluids released onto the ground from spills or leaks can run off into 
surface water and seep into groundwater.

Spills can occur at any stage during the drilling life cycle. Chemicals are hauled to the 
site, where they are mixed to form the fracturing fluid. Accidents and equipment failure 
during on-site mixing of the fracturing fluid can release chemicals into the environment. 
Above ground storage pits, tanks, or embankments can fail. Vandalism and other ille-
gal activities can also result in spills and improper wastewater disposal. For example, in 
Canton Township, Pennsylvania, a January 2012 spill of 20,000 gallons of hydraulic frac-
turing wastewater is being investigated as “criminal mischief” (Clarke 2012). In a larger 
incident in March 2012, criminal charges were filed against a waste-hauling company 
and its owner for illegally dumping millions of gallons of produced water into streams 
and mine shafts and on properties across southwestern Pennsylvania (Pennsylvania At-
torney General 2012). Given the large volume of truck traffic associated with hydraulic 
fracturing, truck accidents can also lead to chemical and wastewater spills. In December 
2011, a truck accident in Mifflin Township, Pennsylvania, released fracking wastewater 
into a nearby creek (Reppert 2011).

While there are reports of spills and leaks associated with hydraulic fracturing opera-
tions, the national extent of the problem is not yet well understood. A recent report from 
Pennsylvania documented a string of violations in the Marcellus Shale region, many of 
which could result in surface spills and leaks, including 155 industrial waste discharges, 
162 violations of wastewater impoundment construction regulations, and 212 faulty pol-
lution prevention practices (Pennsylvania Land Trust Association 2010), during the thirty-
two-month period from January 2008 to August 2010. New research provides documen-
tation of twenty-four cases in six states of adverse health effects on humans, companion 
animals, livestock, horses, and wildlife associated with natural gas operations, includ-
ing spills and leaks (Bamberger and Oswald 2012). Additional research is needed on the  
frequency, severity, cause, and impact of spills associated with hydraulic fracturing.

Stormwater Management
Stormwater runoff carries substances from the land surface that can be detrimental to 
water quality and ecosystem health and deposits them into local waterways. While run-
off is a natural occurrence, human disturbances to the land surface have increased the 
timing, volume, and composition of runoff. According to the EPA, a 0.4-hectare (one-
acre) construction site with no runoff controls can contribute thirty to forty metric tons 
of sediment each year, comparable to the runoff from six and one-half hectares (sixteen 
acres) of natural vegetated meadow (US EPA 2007a; Schueler 1994). Drilling for natural 
gas contributes to this problem, as the process requires disturbances to the land surface. 
Modern natural gas drilling requires the clearing of three or more hectares (typically sev-
en to eight acres) per well pad, which includes area for the pad itself plus additional land 
for access roads, waste pits, truck parking, equipment, and more (Johnson 2010). Runoff 
can also contain pollutants from contact with drilling and construction equipment as 
well as with storage facilities for fracking fluid and produced water.
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Stormwater discharges are regulated by state and local governments. The National 
Pollutant Discharge Elimination System (NPDES) program regulates stormwater runoff 
at the federal level, although states can receive primacy to administer their own permit-
ting program. At the federal level, oil and gas operations have been afforded special pro-
tections and are exempt from provisions in the Clean Water Act. Consequently, oil and 
gas operators are not required to obtain a stormwater permit unless, over the course of 
operation, the facility generates stormwater discharge containing a reportable quantity 
of oil or hazardous substances or the facility violates a water quality standard (40 CFR 
122.26(c)(1)(iii)).5 In 2005, the definition of oil and gas exploration and production was 
broadened to include construction and related activities, although regulations still re-
quire well pads larger than one acre to apply for an NPDES stormwater permit (Wiseman 
2012).6 A 2005 study of the surface water impacts of natural gas drilling noted the diffi-
culty of monitoring and suggested that few facilities were monitoring in a way that would 
allow them to determine whether they even required an NPDES permit (US EPA 2007b).

Conclusions
Energy analysts project massive increases in domestic natural gas production over the 
next twenty-five years. This increase is expected to be largely supplied by unconvention-
al sources, especially shale gas. Although previously too expensive to develop, uncon-
ventional natural gas resources have become more economically viable in recent years 
as a result of the application of horizontal drilling and hydraulic fracturing. These tech-
nological advances have allowed for a rapid expansion of natural gas development both 
in areas accustomed to natural gas operations and in new areas.

Hydraulic fracturing has generated a tremendous amount of controversy in recent 
years. Hydraulic fracturing is hailed by some as a game changer that promises increased 
energy independence, job creation, and lower energy prices. Others have called for a 
temporary moratorium or a complete ban on hydraulic fracturing because of concern 
over environmental, social, and public health concerns. There are daily media reports on 
this topic from outlets across the United States and in a host of other countries, including 
Canada, South Africa, Australia, France, and England.

In an effort to identify the key issues, the Pacific Institute interviewed a diverse set of 
representatives of state and federal agencies, academia, industry, environmental groups, 
and community-based organizations in the United States. Despite the diversity of view-
points, there was surprising agreement about the range of concerns and issues associat-
ed with hydraulic fracturing. Interviewees identified a broad set of social, economic, and 
environmental concerns, foremost among which are impacts of hydraulic fracturing on 
the availability and quality of water resources. In particular, key water-related concerns 
identified by the interviewees included (1) water withdrawals; (2) groundwater contam-
ination associated with well drilling and production; (3) wastewater management; (4) 
truck traffic and its impacts on water quality; (5) surface spills and leaks; and (6) storm-
water management (Cooley and Donnelly 2012).

Much of the media attention on hydraulic fracturing and its risk to water resources 
has centered on the use of chemicals in the fracturing fluids and the risk of groundwater 

5. This requirement will not be met by sediment discharges alone.

6. States can implement stronger requirements if desired.
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contamination. The mitigation strategies identified to address this concern have cen-
tered on disclosure and, to some extent, the use of less toxic chemicals. Risks associated 
with fracking chemicals, however, are not the only issues that must be addressed. Indeed, 
interviewees more frequently identified as key issues the overall water requirements of 
hydraulic fracturing and the quantity and quality of wastewater generated.

Most significantly, a lack of credible and comprehensive data and information is a 
major impediment to identifying or clearly assessing the key water-related risks associ-
ated with hydraulic fracturing and to developing sound policies to minimize those risks. 
Given the nature of the business, industry has an incentive to keep the specifics of its 
operations secret in order to gain a competitive advantage, avoid litigation, and so forth. 
Additionally, there are few peer-reviewed scientific studies on the process and its en-
vironmental impacts. While much has been written about the interaction of hydraulic 
fracturing and water resources, the majority of this writing is either industry or advocacy 
reports that have not been peer-reviewed. As a result, the discourse around the issue is 
largely driven by opinion. This hinders a comprehensive analysis of the potential en-
vironmental and public health risks and identification of strategies to minimize these 
risks.

Finally, the dialogue about hydraulic fracturing has been marked by confusion and 
obfuscation because of a lack of clarity about the terms used to characterize the pro-
cess. For example, the American Petroleum Institute and other industry groups, using 
a narrow definition of fracking, argue that there is no link between their activities and 
groundwater contamination (American Petroleum Institute 2010), despite observational 
evidence of groundwater contamination in Dimock, Pennsylvania, and Pavillion, Wyo-
ming, that appears to be linked to the integrity of the well casings and of wastewater stor-
age. Additional work is needed to clarify terms and definitions associated with hydraulic 
fracturing to support more fruitful and informed dialogue and to develop appropriate 
energy, water, and environmental policy.
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C H A P T E R  5

Water Footprint
Julian Fulton, Heather Cooley, and Peter H. Gleick

We use water for a variety of purposes in our daily lives: for drinking, bathing, washing 
our clothes, watering our gardens, and more. These direct uses of water, however, are 
only part of the story. Water is also required to produce nearly everything we use and 
consume, from the food we eat and the clothes we wear to the technological devices 
that are integral to our modern society. Because this indirect water isn’t visible in the 
product, it is also often referred to as “embedded,” “embodied,” or “virtual” water. A full 
measure, therefore, of the water footprint of an individual, industrial sector, or society is 
the combination of direct water use and the water used indirectly to provide the goods 
and services consumed.

As pressures on water resources intensify globally, there is growing interest in evaluating 
the complex ways in which everyday human activities affect the world’s water resources. 
Traditionally water has been thought of as a local or regional issue, but as globalization 
has forged increasing interconnectedness among people and economies, better under-
standing is needed of the ways in which observed impacts to water systems have impor-
tant global dimensions. The “water footprint” has emerged as one tool for identifying and 
quantifying these impacts.

In recent years, there has been an explosion of interest in developing the methods and 
data necessary for evaluating and comparing water footprints. In this chapter we discuss 
the concept of a water footprint and how it is related to other footprint indicators, such 
as the carbon footprint and the ecological footprint; how the water footprint is calcu-
lated; some findings from recent research; and finally what the water footprint means in 
the context of California.

The Water Footprint Concept
The water footprint of a product (good or service) has been defined as the quantity of 
freshwater consumptively used, both directly and indirectly, throughout its supply chain 
(Hoekstra et al. 2011). Consumptive and nonconsumptive uses of water occur at almost 
every step along the supply chain of a product, but the water footprint counts only the 
consumptive portion because the nonconsumptive portion can theoretically be used for 
other purposes (see box 5.1). For example, an average of 140 liters (37 gallons) of wa-
ter is consumptively used to produce a standard 125-milliliter (4.2-ounce) cup of coffee, 
including the water required to grow the coffee crop and process the beans. In fact, all 
food products require water in their production. Meat and dairy products tend to be very 
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water intensive because water is required not only for bathing and hydrating the animals 
but also, and especially, for all the feed they eat over their life span.

It isn’t just food that requires water to produce. The water footprint of cotton clothing, 
for example, includes the water for growing cotton, processing and dyeing fabric, and 
various finishing procedures—and the footprint of a typical T-shirt has been estimated 
at almost 2,500 liters (over 650 gallons) (Chapagain et al. 2006; Mekonnen and Hoekstra 
2010).1 Many industrial products, such as electronics and cars, can require vast amounts 
of water in their production, from the mining of various metals to the transport, process-
ing, and disposal of a wide range of materials. Energy production is also a significant 
consumer of water. Generation of a megawatt-hour (MWh) of electricity, enough to sup-
ply the average US household for about a month, consumes an average of 1,100 liters 
(288 gallons) in the western United States (Cooley et al. 2011), but it can consume around 
250,000 liters (65,000 gallons) for inefficient hydroelectricity produced in a hot, dry cli-
mate (Mekonnen and Hoekstra 2012). The production of goods is often much more wa-
ter intensive than the provision of services, but even service industries such as hospital-
ity (e.g., hotels), food (restaurants), health care (hospitals), and recreation (golf courses, 
reservoirs) can require significant levels of consumptive water use.

These are examples of just some of the products that are a part of our everyday lives, 
and they all require some amount of consumptive water use before we purchase and use 
or consume them. When we consume them, there is a connection between our action 
and the water that was consumptively used because our action has generated a demand 
for that use. The water footprint is therefore considered a consumption-based metric 

BOX 5.1 A Note About Water Use

The water literature is rife with confusing and often misleading terminology to 
describe water use—“water withdrawal,” “consumptive use,” “nonconsump-
tive use,” “real water,” “paper water,” and more. It is important to clarify these 
terms, as different meanings can lead to different or conflicting conclusions. A 
water withdrawal is commonly defined as water taken from a source and used 
for some human need. Water withdrawals can be divided into two categories, 
consumptive and nonconsumptive use. Consumptive use typically refers to 
“water withdrawn from a source and made unavailable for reuse in the same 
basin, such as through conversion to steam, losses to evaporation, seepage 
to a saline sink, or contamination” (Gleick 2003, 278). Additionally, water that 
is incorporated into goods or plant and animal tissue is unavailable for reuse 
and thus is also considered a consumptive use. Nonconsumptive use, on the 
other hand, refers to water that can be made available for reuse within the 
basin from which it was extracted, such as through return flows or recoverable 
wastewater discharge into water bodies.

 1. This figure does not include the water used to wash the product over its life.



Water Footprint 85

because it attributes the water use to the consumer rather than the producer. While this 
is the opposite of the way we have historically thought about water use, it is actually con-
ceptually very close to other, more familiar ways of measuring people’s interactions with 
the global environment.

Water, Carbon, and Ecological Footprints and  
Nexus Thinking
Just as the water footprint is a consumption-based metric, so too are the carbon foot-
print and the ecological footprint. A carbon footprint measures the greenhouse gas 
emissions associated with people’s activities and consumption habits in order to create a 
better understanding of their contribution to global climate change. Transportation and 
other energy-intensive activities, for example, tend to generate large carbon footprints 
because so much of the global population’s energy system is based on fossil fuels instead 
of renewable forms of energy. The ecological footprint measures the amount of biologi-
cally productive land and water area that is appropriated by a product or activity; it is 
measured as the amount of “global hectares” required to sustain an individual or popula-
tion (see http://www.footprintnetwork.org).

Table 5.1 compares water, carbon, and ecological footprint indicators. There may be 
synergies as well as trade-offs in these indicators. For example, some renewable energy 
technologies that have a lower carbon footprint, such as photovoltaics, also have a lower 
water footprint. However, crop varieties that are less water intensive might be grown only 
in regions requiring more extensive land use or more transportation fuels to get them to 
market. It is important to engage in “nexus thinking” (e.g., the water-energy nexus) by 
considering the interactions of a range of environmental indicators when making deci-
sions, whether personal, business, or governmental.

Furthermore, these consumption-based indicators should not be understood to replace 
or obviate the need for production-based indicators. Traditional regulation and other ways 
of working with producers are still directly relevant to reducing impacts to the local envi-
ronment. Rather, consumption-based indicators provide a perspective that creates options 
for new leverage points in addressing their respective concerns. For the water footprint, 
this concern has to do with water availability in the places where products are produced. 
The next section discusses details of the water footprint and how it is measured.

Calculating a Water Footprint
A water footprint provides a metric and methodology for quantifying consumptive use, 
including additional qualitative features about the water used, such as where the water 
comes from, the kinds and quality of water used, and more, as discussed below. The ba-
sic approach in calculating a water footprint is to combine consumptive water-use fac-
tors (volume per unit of production) for individual goods and services with statistics on 
production, trade, and consumption of those goods and services. The Water Footprint 
Network (WFN) advanced the methodology described in the Water Footprint Assessment 
Manual (Hoekstra et al. 2011).

The water footprint is often reported as three components: green water, blue water, 
and grey water. Green water is the amount of precipitation and soil moisture that is di-
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rectly consumed in an activity, as in growing crops. Blue water is the amount of surface 
water or groundwater that is applied and consumed in an activity, as in growing crops or 
manufacturing an industrial good. Finally, grey water2 is the water needed to assimilate 
pollutants from a production process back into water bodies at levels that meet govern-
ing standards, regardless of whether those standards are actually met (Hoekstra et al. 
2011). The green, blue, and grey water metrics are calculated for individual processes 
and then aggregated on the basis of the consumption patterns of the unit of interest.

Because a water footprint is based on the goods and services consumed, it can be cal-
culated at different levels of consumer activity, that is, for individuals, households, regions, 
states, nations, or even all of humanity. Trade is an important consideration when calculat-
ing water footprints, as the various processes required to produce a final good often take 
place in different countries. Using the example of a cotton T-shirt, the cotton may be grown 
in India, woven into fabric and dyed in China, and finished in Mexico before heading to 
market in the United States. Thus, the water footprint of that T-shirt will be geographically 
distributed according to the structure of its supply chain (Chapagain et al. 2006).

Green, blue, and grey water footprints are often combined and reported as a single 
value in the literature. Each, however, has a distinct ecological and social context. Green 
water pertains to rainwater and soil moisture occurring where crops are grown and thus 
may be significant only to the degree it makes water unavailable for other land uses, al-
ternative crops, or native vegetation. Blue water, by contrast, represents a deliberate ex-
traction and allocation of surface water or groundwater resources, often with pumping 
and conveyance systems used to extract and deliver water where it is needed. Grey water 
is an indicator of water quality rather than a measure of consumptive water use. Even 
though the contamination of surface waters is by definition a consumptive use, contami-
nated water can often still serve multiple uses, such as navigation or cooling. Thus, in 
order to eliminate double counting of upstream grey water footprints by downstream 
blue water uses, as well as to avoid confusing their distinct ecological contexts, we think 
it is appropriate to present each type of water separately.

The quantitative measure of a green, blue, or grey water footprint, by itself, might re-
veal little about the consequences or local impacts of that water use. Additional informa-
tion (and often subjective evaluation) is required to estimate the impact of a water foot-
print. If the water consumed comes from areas where water is relatively abundant, the 
social and environmental impacts may be far less than for the same consumption from 
a region where water is scarce. Such a contextualized analysis of the relative impacts of 
a water footprint is generally called a water footprint sustainability assessment in the 
literature (Hoekstra et al. 2011). These assessments are rarer in the literature, so here we 
present only the quantitative dimensions of water footprint analyses in addition to our 
more contextualized report on California’s water footprint.

TA B L E 5.1  Comparison of Footprint Indicators

Indicator Measurement Concern

Water footprint Consumptive use Water availability and quality

Carbon footprint Greenhouse gases Climate change

Ecological footprint Global hectare Land and bioproductivity degradation

2. Not to be confused with wastewater that is reused directly on a site, often also called grey water or greywater. 
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Water Footprint Findings
The water footprint concept has developed substantially in scientific literature over 
the past decade and resulted in numerous publications and extensive data sets, many of 
which have come about through the work of the Water Footprint Network. With some ex-
ceptions, this research has focused on the scale of national consumption and international 
trade. This is understandable, given that the national level is often where most production 
and trade statistics are gathered and reported, but ideally the science would advance to be 
able to identify water footprints of more hydrologically appropriate units, such as river 
basins. Another limitation of these findings is that they account only for bilateral trade 
flows, thus missing consumptive water uses that may have occurred further upstream in 
the supply chain of a product. Additionally, we note that while the scope of products cov-
ered is substantial, these figures do not include the water footprints of energy products, 
mining activities, or traded service industries such as tourism and call centers.

Beginning at the global level, Arjen Hoekstra and Mesfin Mekonnen (2012) of the Uni-
versity of Twente in the Netherlands found that the water footprint of global consump-
tion, averaged between 1998 and 2005, was about 9.1 trillion cubic meters (around 7.4 
billion acre-feet) per year.3 By comparison, that is about 500 times the average annual 
flow of the Colorado River in its natural state (Cohen et al. 2001). Around three-quarters 
of the global water footprint is green water, 11 percent is blue water, and 15 percent is 
grey water. Ninety-two percent is associated with the consumption of agricultural prod-
ucts, while industrial products make up 5 percent and direct water consumption makes 
up just 4 percent (figure 5.1). Twenty-two percent of the global water footprint is “exter-
nal,” meaning that it pertains to internationally traded products.

Water footprints, however, vary tremendously from country to country. The United 
States, for example, has one of the highest per capita water footprints in the world, at 

FIGURE 5.1 GLOBAL WATER FOOTPRINT BROKEN DOWN BY TYPES OF CONSUMPTIVE USE

Source: Mekonnen and Hoekstra (2011).

3. One acre-foot is the amount of water that would fill one acre to a depth of one foot and is approximately 325,851 
gallons, or 1,233,482 liters.
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nearly 8,000 liters per capita per day (LPCD), or 2,100 gallons per capita per day (GPCD) 
(Mekonnen and Hoekstra 2011). Other developed countries have an average water foot-
print of around 5,000 LPCD (1,300 GPCD), and the global average is just under 4,000 
LPCD (1,000 GPCD). Several developing countries, such as China and India, have per 
capita water footprints that are well below the global average; however, their large popu-
lations and rapidly rising standards of living, if accompanied by rising water use, will 
have substantial impacts on the world’s water resources. Figure 5.2 shows the per capita 
total water footprint for nearly every country in the world.

Another important dimension of a nation’s water footprint is its relative dependence 
on internal versus external water resources (figure 5.3). As mentioned earlier, 22 percent 
of the entire global water footprint pertains to traded goods, and many nations rely heav-
ily on international markets to make up for local water deficits. For the most part, these 
are countries with very little agricultural production capacity within their territory to 
begin with, including small, geographically isolated nations such as Malta and Brunei; 
nations with challenging topography, such as Japan and Switzerland; and nations with 
extreme climates, such as Iceland and Kuwait. One interesting standout case is the Neth-
erlands, which is 95 percent externally dependent despite its large agricultural economy. 
Conversely, nations whose water footprint is mostly internal typically either are more 
isolated economically, as is Myanmar, or have abundant resources for agricultural pro-
duction, as does the United States. In fact, the United States not only has one of the larg-
est water footprints in the world but also is a massive exporter of water-intensive prod-
ucts to other countries.

The Question of Scale: California’s Water Footprint
Delving beneath the level of national water footprint assessments is difficult in terms of 
data availability, but it is important to understand how water footprint patterns and out-
comes might change with scale. California, as a case of a subnational unit, is interesting 
because it is the state with the largest population and gross domestic product in the na-
tion (about one-eighth on both counts). California represents a substantial share of US 

FIGURE 5.2 NATIONAL PER CAPITA WATER FOOTPRINTS

Source: Mekonnen and Hoekstra (2011).
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economic activity, in terms of both consumption and production, so we might expect its 
water footprint to be similar to that of the United States as a whole. Yet the state is unique 
climatically and hydrologically, with minimal precipitation during the summer and fall 
and very little runoff flowing out of its borders. In fact, California derives about 10 per-
cent of its annual surface water supplies from its neighbors (CDWR 2009).

The Pacific Institute recently completed an assessment of California’s water footprint, 
and we briefly present the results here (Fulton et al. 2012). Our analysis, summarized in 
figure 5.4, found that the water footprint of the average Californian is about the same 
as that of the average American in terms of size and breakdown of products. Howev-
er, it is very different in two important respects. First, whereas the United States as a 
whole is a net virtual water exporter, California is a net importer. This creates a unique 
situation wherein decision makers in California must consider the fact that the water 
footprint of in-state consumption pertains more to water resources in other states and 
other countries than to California’s own water resources. On the one hand, this means 
that if California experiences a severe drought, the impact on consumers may not be 
so detrimental. This situation might be strategic in that California enjoys the benefits 
of being able to consume water-intensive products without having to consume scarce 
local water resources (though California already consumes a substantial part of its own 
water resources). Conversely, this may make California consumers more susceptible to 
droughts or water-related issues elsewhere, and Californians must consider the effect 
their consumption habits may have on exacerbating those impacts. Further research is 
needed to understand the specific water-related impacts in locations where the goods 
that Californians consume are produced.

The second important difference relates to the “type” of water. Despite the per capita 
water footprints being nearly equal, California’s has a much larger share of blue water 
than does that of the United States as a whole. This means that the state relies more on 
applied surface water (primarily in irrigation), which has trade-offs with other uses, such 
as supporting ecosystems. Additionally, blue water irrigation systems may have specific 

FIGURE 5.3 EXTERNAL WATER DEPENDENCE OF NATIONS

Source: Mekonnen and Hoekstra (2011).
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vulnerabilities with respect to climate change that are different from the vulnerabilities 
of production systems that depend on green water. More research is also needed in this 
area. Nevertheless, these particular aspects of California’s water footprint suggest a set of 
vulnerabilities and policy options that would likely be overlooked in a national assessment.

FIGURE 5.4 COMPARISON OF US AND CALIFORNIA WATER FOOTPRINTS BY PRODUCTS, GEOGRAPHIC  
DISTRIBUTION, AND TYPE OF WATER

California’s per capita water footprint (left column) and that of the United States (right column) 

are compared along three dimensions: constituent product groups (top row), geographic distri-

bution (middle row), and type of water (bottom row).
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Conclusion
Continued population growth and improved living standards are creating new pat-
terns of production and consumption that are likely to place increasing demands on the 
world’s water resources. Water resources are already strained in many locations, and the 
complex ways in which these processes occur require further attention. The water foot-
print tool, still evolving in concept and method, has begun to illuminate some of the 
important dimensions of the ways in which people, economies, and water resources are 
interconnected. The concept is reasonably analogous to the carbon footprint and the 
ecological footprint, tools that have made substantial inroads with international policy 
and business strategy. Important insights have already resulted from footprint analyses, 
and the approach offers promise for assisting decision making at a number of levels, 
from individuals to businesses to governing bodies at various scales.

National-level water footprints have been calculated for nearly every country on 
Earth, and we now have a good sense of how affluence and increased consumption (par-
ticularly of some products, such as meat) affect demand for the world’s water resourc-
es. Trade is an important way in which countries can overcome local water scarcity by 
importing virtual water. But trade also provides a way in which distant water resources 
might be overexploited or mismanaged without the knowledge of the consumer who is 
benefiting from that water use. The more we know about how these causes and effects 
occur, the better the world’s water resources can be managed.

The case of California illustrates how a water footprint assessment at the state level 
can yield very different results from assessments at larger scales. This dynamic is very 
important to understand, since California consumers and state agencies will be able to 
make better-informed decisions than if they were to rely on a nationwide assessment. 
Specifically, our assessment shows that California is more dependent on water resources 
outside of its borders than is the United States as a whole and that the state is more reli-
ant on blue water. These aspects of California’s water footprint make decision making in 
relation to such challenges as climate change unique.

But the state level is not necessarily the ideal scale at which water footprint infor-
mation best applies. Many economic and water management decisions are made at 
the state level, but there has also been a movement in the past ten to fifteen years to 
shift many important management decisions to the scale of river basins. This seems ap-
propriate, given that populations living within river basins (e.g., the Colorado and Nile 
River basins) have a hydrologic commonality and should to some degree share in water- 
related decision making. For example, upstream populations can shift their water foot-
print away from local resources by importing products produced downstream, thereby 
allowing water to provide ecological benefits along more of the river’s reach. These types 
of basin-level decisions are more difficult when they require the crossing of political 
boundaries, and the field of transboundary water management has a lot to offer on this 
subject. Water footprint research is just beginning to move in the direction of using the 
river basin as a more appropriate unit of analysis.

Other exciting applications and improvements of the water footprint method have to 
do with the study of how water footprints change over time. This information is espe-
cially important in examining how particular countries or regions develop and change 
their production and consumption habits. For example, while the US population and 
economy have continued to grow, domestic water withdrawals have been basically 
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steady since about 1980 (Gleick 2003). In part, this is the result of improvements in ef-
ficiency of water use through various technologies in the agricultural, power production, 
manufacturing, commercial, and residential sectors. But the economy overall has also 
changed, with more of the products we consume being produced outside of our borders. 
The water footprint method, applied over a time series, can shed light on the extent to 
which the apparent leveling of overall water use in the United States has been in part an 
externalizing of water use.

Overall, the water footprint tool is useful in answering a number of questions per-
taining to the relationship between people and the world’s water resources. At its core, 
it provides a description of the quantity, type, and location of water resources required 
to produce products and to fulfill the consumption habits of individuals or populations. 
As populations grow and change, the connections between their actions and the global 
environment need to be better understood. The world’s water resources are being pres-
sured on numerous fronts, as evidenced in the other chapters in this book. The water 
footprint tool, though still evolving, is beginning to provide us with another way in which 
to better understand and reduce human impacts on those resources. 
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C H A P T E R  6

Key Issues for Seawater 

Desalination in California
Cost and Financing

Heather Cooley and Newsha Ajami

In June 2006, the Pacific Institute released Desalination, with a Grain of Salt, an assess-
ment of the advantages and disadvantages of seawater desalination for California (Cooley 
et al. 2006). At that time, there were twenty-one active seawater desalination proposals 
along the California coast. Since then, only one project, a small plant in Sand City, has 
been permitted and built. A second project, in Carlsbad, has all of the necessary permits, 
finally secured financing in December 2012, and is now under construction. Interest in 
seawater desalination, however, remains high in California, and many agencies are con-
ducting technical and environmental studies and pilot projects to determine whether to 
develop full-scale facilities.

In 2011, the Pacific Institute initiated a new research project on seawater desalina-
tion. As part of that effort, we conducted some twenty-five one-on-one interviews with 
industry experts, water agencies, environmental and community groups, and regulatory 
agencies to identify some of the key outstanding issues for seawater desalination proj-
ects in California. Among the key issues raised were the cost and financing of seawater 
desalination projects, the marine impacts, and the energy requirements and associated 
greenhouse gas emissions. In this chapter, we provide a short summary of the costs of 
various projects and the spatial and temporal variability associated with these costs. We 
also describe some of the project-related risks associated with desalination plants. Fi-
nally, we provide two case studies of seawater desalination projects in the United States 
to highlight some of the issues involving cost and financing of these projects.

How Much Does Seawater Desalination Cost?
The biggest barrier to widespread use of desalination technology remains its relatively 
high cost. Most desalination capacity worldwide has been built where natural renewable 
water resources are extremely limited and where energy resources critical for operating 
desalination systems are abundant and inexpensive, such as in the Arabian Gulf region. 
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In other regions, however, alternative sources of water supply and improvements in water  
efficiency are still largely less costly than the water produced at desalination facilities. 
Costs have declined considerably over the past forty years, although they are unlikely to 
decline much further, barring a major technological breakthrough.

There are many components and definitions of the cost of a desalination project, and 
uncertainty about these terms can lead to confusion about cost comparisons, especially 
among those without a finance background. In this chapter, we explain the cost termi-
nologies. We also compare costs among proposed and recently constructed plants and 
describe some of the factors that contribute to the large variability among projects. We 
conclude by comparing the cost of seawater desalination with that of other water alter-
natives.

It is important to note that this chapter describes financial costs. There are other costs 
that may not be captured in a financial analysis because they are not internalized in 
the project developer’s cost stream or are not subject to market-like transactions (NRC 
2008). For example, seawater intake screens kill marine organisms. These impacts have a 
cost associated with them that some other group or individual bears, for example, reduc-
tions in fish populations that affect local fishermen. These costs may be captured in an 
economic analysis. But unless they are internalized in the project through, for example, 
a requirement to restore or enhance wetlands, they will not be factored into the financial 
feasibility of a project and are not included in this report.

Cost Terminology
In this section, we provide a short introduction to some of the terms used to describe the 
financial costs of a desalination project.

Capital Costs and Operation and Maintenance Costs

The primary cost components of a seawater desalination plant are commonly divided 
into two major categories: capital costs and operation and maintenance (O&M) costs. 
Capital costs are those costs incurred during construction of the project and include ex-
penses associated with planning, permitting, designing, and constructing the project. 
Other capital costs include expenses associated with buying or leasing equipment, pur-
chasing the site, and mitigating environmental impacts.

Capital costs may also include the cost to finance the project—referred to as the cost 
of capital. The capital required to develop desalination projects is not free, and the proj-
ect developer must pay to access it. The cost of capital includes the cost of debt (for those 
projects financed with debt) and the cost of equity (for those projects financed with pri-
vate equity). The cost of debt is based on the interest rate of the debt incurred for the 
project, that is, the bond or loan, and reflects the compensation a lender demands for 
the risks involved in the project (Pemberton 2003). The cost of equity is the return paid 
to private equity investors to compensate for the risk they undertake by investing their 
capital. Generally, the greater the perceived risks of the project, the harder and costlier it 
is to secure capital.

In addition to capital costs, there are O&M costs associated with desalination plants. 
O&M costs represent the ongoing costs of operating the plant, including expenses as-
sociated with replacement membranes for reverse osmosis systems, pre- and post- 
treatment chemicals, energy to run the plant, environmental monitoring, and labor for 
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plant operators. Some O&M costs, such as labor, are fixed; they do not vary with respect 
to the amount of water produced. Other O&M costs, such as the costs of energy and 
chemicals, are variable.

Capital and O&M costs are often reported in different ways, which can complicate 
project cost comparisons. Capital costs are reported as onetime, fixed costs. O&M costs, 
by contrast, are typically reported as annual costs. In order to determine the total annual 
cost of a desalination plant, the capital and O&M costs must be put on similar footing. 
The most common approach is to spread the capital costs, which include the cost to 
finance the project, over the life of the project, for example, for twenty or thirty years, to 
produce an annualized capital cost. The annualized capital cost and the annual O&M 
cost are added together to produce a total annual cost.

Figure 6.1 shows an annual cost breakdown of a typical seawater desalination plant. 
Although variable from project to project, the annualized capital cost typically accounts 
for about one-third of the annual cost of a seawater desalination plant. O&M costs ac-
count for the remaining two-thirds. Generally, energy costs—at 36 percent of the annual 
cost—represent the single largest O&M cost and are of similar magnitude as the annual-
ized capital cost. Depending on the desalination process and local site conditions, chem-
ical costs can also be significant, accounting for about 12 percent of the total annual cost.

Unit Cost

In addition to reporting capital and O&M costs, water managers often report the unit 
cost of water, that is, the cost per cubic meter (or acre-foot or thousand gallons) of water 
produced. The unit cost of water is derived from the annual cost (the annualized capital 
cost plus the O&M cost) and the annual production of water from the plant. Specifically, 
it is determined by the following formula:

unit cost = (annualized capital cost + annual O&M cost)  
                annual amount of water produced

Given that the project cost is driven, in part, by the size of the plant, the unit cost effec-
tively normalizes the cost of the project by the volume of water produced. It can also be 
useful for comparing projects of different sizes and for comparing various water supply 
and demand management alternatives.

Desalination Cost Estimates
Discussions about the actual cost of desalination plants have been muddled and mud-
died because estimates have been provided in a variety of units, years, and ways that 
are not directly comparable. Some report the cost of the desalination plant alone. Oth-
ers include the costs for additional infrastructure needed to integrate the desalination 
plant into the rest of the water system, which can be significant. Some estimates include 
the cost to finance the project, while others do not. In some regions, governmental sub-
sidies hide some of the real costs. And local conditions, such as water salinity, options 
for disposing of brine, level of environmental regulation, and labor or land costs, vary 
widely. For example, the capital cost of the proposed Carlsbad Desalination Project is 
currently estimated at $537 million. An additional $239 million is needed to build a pipe-
line to transport the water to customers and make other water system improvements  
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(Lee 2013).1 Given the inconsistent nature of estimates, the public, media, and analysts 
must exercise caution when comparing claims of costs for different projects.

Table 6.1 shows capital, O&M, and unit cost estimates for proposed plants in Califor-
nia and several recently constructed plants in Florida and Australia. O&M costs shown 
here are based on estimates made the year the project was completed; these costs change 
over time and may not reflect current O&M costs. Costs for desalination plants in Aus-
tralia were converted into US dollars using the conversion rates that were in effect in the 
year that the plant was completed. We have not adjusted the apparent year of each re-
ported cost for inflation because inflation varies from country to country. Even without 

FIGURE 6.1 ANNUAL COST BREAKDOWN OF A TYPICAL SEAWATER DESALINATION PLANT

Source: NRC (2008).

Note: Estimate is for a reverse osmosis plant and is based on the following assumptions: capacity of 

190,000 cubic meters (m3) per day (50 million gallons per day); constant energy costs at $0.07 per 

kilowatt-hour (kWh); membrane life of five years; nominal interest rate of 5 percent; and a depre-

ciation period of twenty-five years.

1. Note that these estimates do not include financing costs, which substantially increase the lifetime cost of 
the project.
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adjustment to current-year dollars, however, it is apparent from the table that costs vary 
far more widely than can be explained solely by inflation or currency exchange rates.

As shown in table 6.1, large plants tend to have higher capital and O&M costs than 
small plants, but this is not always the case. For example, the Kwinana Desalination 
Plant in Perth, Western Australia, has a capital cost of less than $330 million and an O&M 
cost of $17 million per year. By contrast, the Gold Coast Desalination Plant in Tugun, 
Queensland, is slightly smaller but has much higher capital and O&M costs, at $890 mil-
lion and $30 million per year, respectively. The Gold Coast plant was considerably more 
expensive than the Perth plant because steel and labor costs were dramatically higher 
when the plant was constructed. Additionally, the Gold Coast plant used a more compli-
cated intake design and required the construction of a longer pipeline to distribute the 
water to customers (Crisp 2012).

Unit costs are also highly variable among projects. Variability among desalination 
projects is driven by a range of site- and project-specific factors. Land prices and labor 
costs, for example, can vary considerably among projects. Likewise, energy prices can 
have a major influence on the project cost. For example, the average electricity price of 
the Gold Coast Desalination Plant was $0.15 per kilowatt-hour (kWh) in 2009–2010 (Rob-
ertson 2010). Currently, electricity prices for industrial customers in California are about 
$0.10 per kilowatt-hour (US EIA 2012).2 Other project- and site-specific factors that affect 
the cost include source water temperature and salinity, intake and outfall design, envi-
ronmental mitigation requirements, interest rates and loan period, project team experi-
ence, permitting requirements, and the presence of hidden and visible subsidies (Cooley 
et al. 2006; WateReuse Association 2012).

It is important to note that desalination costs are not static but can vary over time. 
Many of the estimates shown in table 6.1 are engineering estimates based on the initial 
project design. Actual production costs can be higher because of increases in the capi-
tal and O&M costs or a reduction in the amount of water produced. Capital costs may 
change if the price of materials, such as cement or steel, or the cost of borrowing money 
changes. Major project delays are also likely to increase capital costs.

O&M costs can also change over the life of the desalination plant as a result of changes 
in input costs or in the lifetime of major equipment. Energy, for example, represents a 
major cost component (figure 6.1), and short- and long-term increases in energy prices 
can increase production costs. If energy accounts for 36 percent of the annual produc-
tion cost, a 25 percent increase in energy costs would increase the cost of produced wa-
ter by 9 percent. Similarly, membranes typically last for five to seven years, although in 
some cases ten years is possible. If the actual lifetime of the membranes exceeds five to 
seven years, the production cost may be lower than the initial estimate. Conversely, if the 
membranes foul more quickly, O&M costs increase.

The cost of produced water from a desalination plant is especially sensitive to changes 
in the amount of water produced. As described previously, the unit cost of water is deter-
mined by dividing the annual costs by the amount of water of produced. Typically, unit 
cost estimates during the design and planning of a project are based on the assump-
tion that the desalination plant will operate at or near full capacity. If the plant produces 
less water, however, the unit cost increases (figure 6.2). Take, for example, a plant that  

2. This was the price in 2012 for industrial customers.



TA B L E 6.1  Desalination Costs for Proposed and Recently Constructed Plants

Project

Capacity 

 (m3/d)

Capital Costa

($ Millions)

O&M Costb

($ Millions)

Unit Costc 

($/m3) 

Dollarsd  

are in . . . Status Data Source

Santa Cruz/ 

Soquel Creek 

Water District

9,480 $114 $3–$4 n/a 2012 

dollars

Proposed Luckenbach 

(2012)

California 

American 

Watere 

18,600–30,300 $175–$207 $7.77–$11 $2.06–$2.63 2012 

dollars

Proposed Separation 

Processes, Inc. 

(2012)

Deep Water 

Desale

18,600–30,300 $134–$160 $9.38–$12.3 $1.94–$2.53 2012 

dollars

Proposed Separation 

Processes, Inc. 

(2012)

The People’s 

Moss Landing 

Water Desal 

Projecte 

18,600–30,300 $161–$190 $7.06–$10.1 $1.90–$2.42 2012 

dollars

Proposed Separation 

Processes, Inc. 

(2012)

Tampa Bay, 

Florida

94,800 $158 n/a $0.89 2007 

dollars

Complete See chapter 

text

Gold Coast 

Desalination 

Plantf 

125,000 $888 $30 $1.61 2009 

dollars

Complete Pankratz (2012)

Kwinana 

Desalination 

Plant, Perthf

144,000 $330 $17 $0.99 2008 

dollars

Complete NWC (2008)

Carlsbad 

Desalination 

Plant

190,000 $776 $49–$54 $1.54–$1.78 2012 

dollars

Proposed Lee (2013); 

SDCWA (2012a)

Camp 

Pendleton

190,000–

379,000

$1,300–

$1,900

$45–$105 $1.54–$1.90 2009 

dollars

Proposed SDCWA 

(2012d)

Kurnell 

Desalination 

Plant, Sydneyf

208,000 $1,565 $47 $1.95 2008 

dollars

Complete NWC (2008)

Southern 

Seawater 

Desalination 

Plantf

273,000 $1,466 n/a $2.29 2012 

dollars

Complete Pankratz (2012)

Port Stanvac, 

Adelaidef

273,000 $1,878 $136 $1.94 2012 

dollars

In 

progress

Pankratz 

(2012); Kemp 

(2012)

Wonthaggi 

Desalination 

Plant, 

Melbournef

413,000 $3,651 $63 $5.31 2012 

dollars

Complete Pankratz (2012)

(continued)
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produces 190,000 cubic meters (m3) of water per day, or 50 million gallons per day (MGD), 
at a cost of $2.17 per m3 ($2,700 per acre-foot) at full capacity; an estimated one-third of 
the cost is fixed, and the remaining two-thirds of the cost is variable. If the operator re-
duces water production to 150,000 m3 per day (40 MGD), on average, then the unit cost 
of water increases to $2.53 per m3 ($3,100 per acre-foot). If the operator further reduces 
water production to 38,000 m3 per day (10 MGD), then the unit cost increases to more 
than $7.96 per m3 ($9,800 per acre-foot).

Cost Comparisons
Seawater desalination has traditionally been considerably more expensive than most 
other water supply and demand management options, but cost comparisons made on 
the basis of the cost of existing water supplies can be misleading. The costs of existing 
supplies are often far below the investment needed to construct and maintain these sys-
tems because of heavy subsidies from state and federal investments. Additionally, cur-
rent water prices often fail to include costs for adequately maintaining and improving 
water systems. As a result, the public often has a somewhat distorted perception of the 
cost of a reliable supply of high-quality water, making it difficult for water utilities to jus-
tify their investment in more expensive water supply options, such as desalination.

Consequently, a comparison of the cost of new seawater desalination systems should 
be based on the marginal cost of water: the cost of providing, or saving, the next incre-
ment of water. The marginal cost of water varies considerably among communities and 
changes over time. As a result, these costs should be evaluated periodically on a case-
by-case basis. A recent analysis of water alternatives for San Diego County, California—a 
region where construction of multiple desalination plants is under consideration—finds 
that seawater desalination has the highest marginal cost of all plausible alternatives (ta-
ble 6.2). The marginal cost of recycled water is also relatively high, although treating the 
water to potable levels and using the existing distribution system can reduce this cost 
considerably. New surface water and groundwater are less expensive than recycled water 
or seawater desalination, although these supplies are limited. In many cases, conserva-
tion and efficiency improvements have the lowest marginal cost.

Note: n/a = not available.
aCapital costs here are based on capital expenditures and include the cost of the desalination plant plus any 
other infrastructure required to integrate the desalination plant into the rest of the water system. The cost to 
finance the project is not included.
bO&M costs include the operation and maintenance costs of the desalination plant and any other infrastruc-
ture required to integrate the desalination plant into the rest of the water system.
cThe unit cost captures capital and O&M costs as well as the cost to finance the project.
dCosts have not been adjusted for inflation. Unless otherwise indicated, we assume that cost estimates are pro-
vided in the year in which the project was completed.
eThe actual capacity of these projects may differ from what is stated here. The study these estimates were 
drawn from (Separation Processes, Inc. 2012) adjusted the plant capacities to make a more accurate compari-
son among projects in the region.
fCosts for plants in Australia were converted into US dollars using conversion rates for the year in which the 
cost estimates were made.

TA B L E 6.1  continued
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The cost associated with wastewater conveyance and treatment is another factor that 
is often excluded from cost comparisons. The introduction of a new source of water in-
creases the amount of wastewater that must be collected, treated, and disposed of. Some 
communities may have adequate wastewater treatment capacity, and the additional 
costs would simply be the variable O&M costs associated with that treatment. In other 

FIGURE 6.2 AN EXAMPLE OF THE RELATIONSHIP BETWEEN DESALINATION PLANT PRODUCTION AND UNIT COST

Note: Based on a desalination plant with a capacity of 190,000 m3 per day (50 MGD).

TA B L E 6.2  Example of the Marginal Cost of Water in San Diego County

Water Alternative Cost per Cubic Meter Cost per Acre-Foot

Imported water $0.71–$0.79 $875–$975

Surface water $0.32–$0.65 $400–$800

Groundwater $0.30–$0.89 $375–$1,100

Seawater desalination $1.46–$2.27 $1,800–$2,800

Recycled water (nonpotable) $1.30–$2.11 $1,600–$2,600

Recycled water (potable) $0.97–$1.46 $1,200–$1,800

Water conservation and efficiency $0.12–$0.81 $150–$1,000 

Source: Equinox Center (2010).

Note: All costs are in 2010 dollars. Cost estimates for water conservation and efficiency are based on costs to 
the water agency, for example, estimated expenditures on educational initiatives or incentives for conserva-
tion measures divided by the cumulative water savings, and do not include costs or savings to the customer. 
One acre-foot equals 1,233 cubic meters.
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communities, however, wastewater treatment capacity may need to be expanded, which 
represents an additional, and in some cases significant, capital cost to the community. 
While these costs would apply to all of the water supply projects under consideration to 
meet demand, the costs would not be incurred if water demand were met through water 
conservation and efficiency improvements.

Desalination Projects and Risk
Large-scale projects, such as desalination plants, include a variety of risks that affect the 
ability to attract financing, the rate of return, and the overall viability of a project. Each 
project will have a unique set of risks that vary in their relative importance. Some of the 
risks that have been identified for seawater desalination projects include the following 
(Pemberton 2003; Wilcox and Whitney 2004; Wolfs and Woodroofe 2002; Schiller 2012):

Permitting risks are risks that governmental permits and approvals re-
quired to construct or operate the project will not be issued or will be is-
sued only subject to onerous conditions.

Design and technology risks are risks that can be attributed to the use of a 
design or technology that fails to deliver at expected service levels.

Construction risks arise during the construction period. Construction risks 
can be attributed to poor project design, ineffective project management, 
inexperienced contractors, or lack of effective communication among the 
various contractors working on a project.

Operational and performance risks arise during the operation and mainte-
nance period and can be attributed to inexperienced operators, higher 
than anticipated operating costs, product water that fails to meet required 
standards, or underperformance of equipment.

Financial risks are influenced by the financial status of the borrower, 
changes in interest rates, fluctuation in foreign exchange rates (if the proj-
ect relies on foreign investment), and changes to pricing of construction or 
operational phase insurance.

Market risks can be caused by unrealistic demand assessments and water 
production assumptions, reluctance of customers to buy the produced wa-
ter, and reluctance of those with rate-making authority to approve rate in-
creases to cover new costs.

Political risks are associated with political decisions that affect the cost or 
viability of the project and can relate to laws, tax rates, governmental per-
missions, and other factors. These risks may be associated with decisions 
made by elected or appointed officials or by the public through, for exam-
ple, a referendum.3

Force majeure risks are the risks of events that render the construction or 
operation of the project impossible, either temporarily or permanently. A 

3. For example, in November 2012, Santa Cruz residents passed Measure P, which guarantees residents the 
right to vote on whether to pursue a seawater desalination project in the future.
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force majeure event includes an extraordinary event or circumstance that 
prevents one or both parties from fulfilling their obligations under the con-
tract and is beyond the control of the parties, such as an earthquake, flood, 
hurricane, war, strike, or riot.

Recent experience suggests that a key risk associated with seawater desalination 
plants is overly optimistic assumptions about future demand for the produced water and 
underappreciation of the availability of less expensive alternatives. This is a type of mar-
ket risk that is also often referred to as demand risk. Water managers often have multiple 
sources of water to choose from to meet water demand. Desalination is among the most 
expensive options, and water managers may reduce the output of a desalination plant 
when demand drops or when less expensive options are available. As noted above, re-
ducing the output can increase the overall unit cost of the produced water considerably, 
which can further reduce demand or make other supply options even more economi-
cally attractive. In response, water managers may temporarily or permanently shut down 
the desalination plant. This can reduce the variable operating costs associated with the 
plant, especially energy and chemical costs, but ultimately leave ratepayers to pay off a 
plant while receiving little to no benefit from it. Additionally, as desalination expert Tom 
Pankratz notes, “frequent stopping and starting, or long-term mothballing, may not only 
affect the short-term performance of a plant, it may actually be detrimental to the sys-
tem itself” (Pankratz 2011).

Recent experience in Australia highlights demand risk (table 6.3). The Australian gov-
ernment has made a massive investment in seawater desalination plants in response to 
a severe and persistent drought, developing six major plants since 2006. The first plant, 
with a capacity of 37 MGD, was built in Perth, became operational in late 2006, and con-
tinues to operate at or near full capacity. A second plant, the Southern Seawater Desali-
nation Plant, is being developed in the same region and should be completed in 2013. 
Other plants were built in New South Wales, Victoria, and South Australia. While many 
consider the first Perth plant to be a success, the four other plants built in recent years 
have been or will be put into standby mode as a result of reductions in demand and the 
availability of less expensive alternatives.

For example, the Kurnell Desalination Plant in Sydney, New South Wales, was com-
pleted in January 2010 but was mothballed in July 2012 because less expensive surface 
water sources are available.4 Likewise, the Wonthaggi Desalination Plant in Victoria was 
completed in December 2012. Although the plant performed as designed, the govern-
ment announced it would not be ordering water from the plant in 2013. Similarly, the 
Port Stanvac Desalination Plant, south of Adelaide, South Australia, is expected to be 
completed in 2013, but in an October 2012 statement, SA Water’s chief executive, John 
Ringham, announced that “to keep costs down for our customers, SA Water is planning 
to use our lower-cost water sources first, which will mean placing the desalination plant 
in stand-by mode when these cheaper sources are available” (Kemp 2012). The desalina-
tion plant, which cost nearly $1.9 billion, is slated to go on standby mode in 2015.

Experience in Santa Barbara, California, and in Tampa Bay, Florida, provides further 
evidence of demand risk. During a severe multiyear drought in California (1987–1992), 
the City of Santa Barbara partnered with several local water agencies to build a seawater 
desalination plant. The plant was completed in March 1992, and shortly thereafter the 

4. If reservoir levels fall below 80 percent capacity, the desalination plant will be restarted.
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drought ended. The plant was eventually decommissioned, as the cost to produce the 
water was too high to warrant its use during non-drought periods. In addition, the high 
cost of building the plant and connecting to the California State Water Project raised local 
water prices enough to encourage substantial additional conservation, further decreas-
ing need for the plant. Similarly, Florida’s Tampa Bay Seawater Desalination Project was 
completed in 2008 in an effort to reduce groundwater pumping. Since it was built, that 
plant has operated far below its full capacity as a result of periodic operational issues, 
reductions in regional water demand, and availability of less expensive alternatives.

TA B L E 6.3  Operational Status of Recently Constructed Desalination Plants

Facility Name Location Date Operational

Plant Capacity 

(MGD)

Plant Capacity 

(m3/day) Status

Tampa Bay 
Desalination 
Plant

Tampa Bay, 

Florida

2007   25   95,000 In intermittent use

Gold Coast 
Desalination 
Planta

Tugun, 

Queensland, 

Australia

February 2009   33 125,000 In standby mode 

since December 

2010 because of 

high operating 

cost and 

operational issues

Kurnell 
Desalination 
Plantb

Sydney, New 

South Wales, 

Australia

January 2010   66 250,000 In standby mode 

since July 2012 

because reservoirs 

are full

Kwinana 
Desalination 
Plant

Perth, 

Western 

Australia

November 

2006

  38 144,000 Operational

Southern 
Desalination 
Plant

Binningup, 

Western 

Australia

September 

2011 (phase 1);

March 2013 

(phase 2)

  72 270,000 Phase 1 is 

operational; phase 

2 is under 

construction

Wonthaggi 
Desalination 
Plantc

Victoria, 

Australia

December 

2012

109 413,000 In standby mode 

since January 2013

Port Stanvac 
Desalination 
Plantd

Adelaide, 

South 

Australia

2013   72 270,000 Will be put in 

standby mode in 

2015

Sources:
aMarschke (2012).
bAAP Newswire (2012).
cHosking (2012).
dKemp (2012).
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Project Delivery Methods
Planning, designing, financing, constructing, and operating major water projects, such 
as desalination plants, can be challenging. Such projects are often accomplished by 
public agencies or through various types of public-private partnerships. The delivery of 
large-scale water projects may involve different parties and stakeholders, including the 
owner, designers and engineers, construction contractors, operation contractors, exter-
nal financiers, and consumers. The project delivery method determines how these mul-
tiple groups relate to one another. There is a range of project delivery methods; among 
the most common are the following:

Design-bid-build (DBB). This is a traditional project delivery approach for 
municipal infrastructure projects in which the owner, that is, the public 
water provider, determines that a project is needed and secures financing 
for the project. The owner works with an engineer to define the project and 
develop plans with detailed specifications; the owner then solicits bids 
from multiple contractors to construct the project; the contractor that pro-
vides the lowest bid that meets all of the criteria is selected; and operations 
are performed by the owner or by a contract operator.

Design-build (DB). The owner develops the project concept and secures 
financing; the owner then hires a design-build team to construct the proj-
ect for a lump-sum fixed price or a guaranteed maximum price; operations 
are performed by the owner or by a contract operator.

Design-build-operate (DBO). The owner develops the project concept and 
secures financing; the owner hires a single team responsible for the devel-
opment, design, construction, and long-term operation of the project.

Design-build-own-operate-transfer (DBOOT). The contractor is responsi-
ble for the design, construction, and long-term operation of the project. In 
contrast with the more traditional project delivery methods, the contractor 
must secure financing for the project and initially owns the facility; the 
water agency agrees to purchase the water at an agreed-upon price over a 
certain period (these purchase agreements allow the contractor to secure 
the necessary financing); the contract contains provisions for the transfer 
of ownership of the facility to the water provider on an agreed-upon date.

Design-build-own-operate (DBOO). In this variation of the DBOOT delivery 
method the contractor is responsible for the design, financing, construc-
tion, and long-term operation of the project, and the water agency agrees 
to purchase the water at an agreed-upon price over a certain period. Unlike 
the situation with a DBOOT, however, there is no asset transfer at the end 
of the project.

Each project delivery method has advantages and disadvantages with respect to 
how risk is shared among parties, the length of the process, and other factors. Some of 
these advantages and disadvantages are described in table 6.4. A key difference among 
the project delivery methods is the degree to which innovation in technology and de-
sign is integrated into the project. The water sector in the United States has tradition-
ally employed the DBB delivery model. With DBB, the public utility or agency (owner 
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of the project) plays a central role, selecting different groups to design, construct, and 
possibly operate the project. DBB contracts are generally awarded on the basis of lowest 
cost (NRC 2008). Thus, there is often little incentive to implement innovative designs and 
technologies that may have a higher capital cost but that reduce operating costs and re-
sult in a less expensive project overall. With a DBO delivery method, by contrast, the DBO 
contractor is responsible for operation of the project. Thus, the contractor has an incen-
tive to promote innovative designs and technologies that can optimize and improve the 
operability of the project.

Another key difference among the various project delivery methods is the party re-
quired to secure financing. Under the DBB, DB, and DBO delivery methods, the water 
provider secures project financing, largely by issuing debt (bonds or loans). Under the 
DBOO and DBOOT delivery methods, by contrast, the contractor secures financing by 
issuing debt or obtaining private equity or both. One possible drawback in using this 
approach, however, is the high cost of private capital, which is reflected in the final price 
of desalinated water. Proponents of this delivery method, however, argue that the higher 
costs (which are borne by the consumer) are offset by lower risk for the water provider, 
higher efficiency of the contractor, and technology performance guarantees (Texas Wa-
ter Development Board 2002).

Risk Allocation among Project Partners
A key element of any public-private partnership is the allocation of risk among the proj-
ect partners. With DBB contracts, the owner—typically the public—carries most of the 
risks associated with the project. By contrast, with DBO and DBOOT contracts, the con-
tractor bears more of the risk (figure 6.3). By assuming a specific risk, the project partner 
is responsible for any additional cost (or savings) associated with that risk and cannot 
pass that cost along to the other project partner. For example, if Partner A assumes the 
construction risk for the project, and the cost of construction is higher than anticipated, 
Partner A must pay the additional cost of construction and cannot pass those costs along 
to Partner B. Likewise, if construction costs are lower than anticipated, Partner A cap-
tures that savings and does not pass the savings on to Partner B.

The project sponsor is expected to identify the risks associated with the project and 
determine the appropriate risk and responsibility allocation prior to the procurement 
process and contract development. This allows the interested parties to understand the 

FIGURE 6.3 RISK ALLOCATION UNDER VARIOUS PROJECT DELIVERY METHODS
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underlying risks and responsibilities and price their proposal accordingly, since the con-
tractual risk structure is directly related to pricing (Wilcox and Whitney 2004). In theory, 
a particular risk should be allocated among parties such that the party with the greatest 
ability to control the outcome takes on that risk. There are some risks, however, that are 
outside the control of both parties.

As described above, demand risk is one of the key risks associated with desalination 
projects. The quantity of water that will be purchased is set forth in a long-term water 
purchase agreement—also referred to as an off-take agreement. This agreement is ne-
gotiated prior to construction of the project and is often needed to secure financing. 
Among the most common forms of off-take agreement is the “take-or-pay” contract. 
Under a take-or-pay contract, the buyer agrees to pay for a minimum amount of water 
from the seller on a certain date even if the buyer does not need the water. This type 
of contract provides guaranteed revenue for the seller but commits the buyer to a pur-
chase even if actual demand drops. A minimum commitment to a large volume of water, 
however, provides a disincentive for water agencies to pursue more cost-effective water 
supply and water conservation and efficiency programs. Thus, take-or-pay contracts, if 
structured poorly, can result in significant exposure to demand risk and higher costs for 
the buyer—a problem noticed long ago in the context of energy take-or-pay contracts.5

Case Studies
In the following section, we provide two case studies that emphasize several elements of 
seawater desalination projects, including their cost, how they are financed, the structure 
of the public-private partnership, and the risks associated with the projects. The first case 
study looks in detail at the Tampa Bay Seawater Desalination Project, which is the largest 
plant built in North America to date and has been the subject of several in-depth assess-
ments. The second case study focuses on the proposed desalination project in Carlsbad, 
California, which has been in development for more than a decade, has received all of 
the necessary permits, and finally secured financing in December 2012.

Tampa Bay Seawater Desalination Project
Like many communities around the United States, the Tampa Bay, Florida, region has 
been experiencing significant growth combined with increasing constraints on water 
availability. Overpumping of local groundwater resources in the region has forced com-
munities to think about alternative water solutions. In the late 1990s, some water man-
agers and planners thought seawater desalination might be a key element of the region’s 
long-term water future. The Tampa Bay Seawater Desalination Project faced several ma-
jor delays but was completed in 2007 (Cooley 2009). It is the first large-scale seawater 
desalination project constructed in the United States.

5. A summary of problematic energy take-or-pay contracts can be found here: http://www.jbsenergy.com 
/energy/papers/blueprint/blueprint.html#_Toc2576605. Similarly, take-or-pay contracts for natural gas 
caused serious problems for both suppliers and consumers and required federal intervention in the 1980s 
and 1990s (http://www.naturalgas.org/regulation/history.asp). See also the Carlsbad case study in this 
chapter for some issues that can arise with a take-or-pay contract.
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Since its completion in 2007, the plant has operated far below its design capacity of 
95,000 m3 per day (25 MGD). Figure 6.4 shows the plant’s average monthly water pro-
duction between 2003 and October 2012. During some short periods, the plant operated 
at or near capacity. In others, the plant operated at reduced capacity or was in standby 
mode. In 2013, Tampa Bay Water plans to operate the plant at a higher capacity (aver-
aging 42,000 m3 per day, or 11 MGD) because a local water reservoir is undergoing re-
pair. Once this is complete, however, production from the desalination plant will likely 
be reduced once again because cheaper water supply alternatives are available. A recent 
analysis by Tampa Bay Water found that implementing cost-effective conservation and 
efficiency programs in the region would reduce water demand by 2035 by 150,000 m3 per 
day (40 MGD) (Tampa Bay Water 2012), significantly more water than is produced by the 
seawater desalination plant and at a lower cost.

Project Delivery Method

In response to ongoing water supply concerns, the West Coast Regional Water Supply 
Authority—later to become Tampa Bay Water—issued a request for proposals (RFP) to 
design, build, operate, and own a desalination plant in 1996. The RFP allowed the proj-
ect developer to select the size and location of the plant as well as the operations and 
method of seawater desalination. In July 1999, after a two-and-a-half-year solicitation 
process, Tampa Bay Water entered into a water purchase agreement with S&W Water, 
LLC—a partnership between Stone & Webster and Poseidon Resources Corporation. 

FIGURE 6.4 AVERAGE MONTHLY WATER PRODUCTION FROM TAMPA BAY SEAWATER DESALINATION PLANT, 
2003–2012
Note: The design capacity of the plant is 95,000 cubic meters per day (25 MGD).
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Under the initial agreement, S&W Water would develop a desalination plant capable of 
supplying 95,000 m3 per day (25 MGD) to Tampa Bay Water and would sell that water at 
a fixed price. The agreement was structured as a BOOT arrangement that would allow 
Tampa Bay Water to buy the plant after thirty years or earlier, if desired.

Soon after the water purchase agreement was signed, the project began encountering 
problems. In June 2000, Stone & Webster declared bankruptcy, leaving Poseidon without 
an engineering and construction partner. Poseidon then hired Covanta Energy to con-
struct the plant, and a new partnership emerged: Tampa Bay Desal. Obtaining financing 
for the project, however, proved to be difficult. Covanta Energy had a poor bond rating 
and was unable to secure financing for the construction bonds. Tampa Bay Water, how-
ever, had a more favorable AA bond rating, which would allow it to obtain financing at a 
lower interest rate and thereby reduce the financing cost. In early 2002, Tampa Bay Water 
bought Poseidon’s interest in the project while retaining the engineering and construc-
tion company (Covanta Construction) to complete the project. At the time, the plant’s 
design and permitting were complete, while construction was only 30 percent complete 
(Smith 2009). Tampa Bay Water signed a thirty-year O&M contract with Covanta Tampa 
Bay, Inc. (a subsidiary of Covanta Energy) to operate the facility.6 This move effectively 
restructured the DBOOT procurement into a DBO contract, whereby Tampa Bay Water 
assumed ownership and many of the risks associated with the plant.

Before Covanta Tampa Bay could commence the separate thirty-year O&M contract, 
the plant was required to meet certain performance standards. Covanta Construction 
was unable to meet the test standards after repeated attempts and finally declared bank-
ruptcy in 2003. In 2004, the parties agreed to a settlement whereby Tampa Bay Water paid 
Covanta nearly $5 million to end its contract. In return, Tampa Bay Water retained full 
control of the facilities and the operating contract. In late 2004, Tampa Bay Water signed 
a DBO contract with American Water-Pridesa, a joint venture between American Water 
and Acciona Agua, to repair deficiencies and operate the plant on a long-term basis.

Under the current operating contract, Tampa Bay Water must pay American Water-
Pridesa about $7 million per year regardless of whether water is produced by the plant. 
This base contract covers the fixed O&M costs for the plant plus some return to the op-
erator. Tampa Bay Water pays variable operating costs (chemicals and electricity) sepa-
rately. This contract allows Tampa Bay Water to reduce the plant’s production if cheaper 
alternatives are available.

Project Cost

The initial capital cost for the desalination plant and the fifteen-mile pipeline to connect 
it to the water system was estimated to be $110 million. Initial performance tests in 2003, 
however, revealed thirty-one deficiencies in the plant. To fix the plant, Tampa Bay Water 
signed a $29 million, two-year contract with American Water-Pridesa. Major improve-
ments were made to the pre-treatment, reverse osmosis, and post-treatment system, 
and the final capital cost of the project was $158 million, more than 40 percent above the 
original cost.

Initially, desalination proponents were excited by the Tampa Bay project and by the 
apparent price breakthrough. In the initial water purchase agreement, S&W Water made 
a binding commitment to deliver desalinated water in the first year of operation at an 
unprecedented wholesale cost of $0.45 per m3 ($557 per acre-foot), with a thirty-year 

6. The O&M contract was worth $300–$360 million and was Covanta Tampa Bay’s only asset (Wright 2003).
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average cost of $0.55 per m3 ($678 per acre-foot) (Heller 1999). This was well below the 
cost of water from other recent desalination plants. By comparison, in that same year the 
Singapore Public Utilities Board announced plans to build a large desalination plant to 
produce water at an estimated cost of between $1.98 and $2.31 per m3 ($2,440 and $2,850 
per acre-foot, respectively), with an additional cost to deliver water to customers (U.S. 
Water News 1999).

The project developers were unable to deliver on the initial cost estimates, and the 
cost estimates have increased. Additionally, as noted above, the production of water 
from the plant has varied dramatically since the project was completed in 2007, further 
affecting the unit cost (figure 6.4). According to recent estimates from Tampa Bay Water, 
the unit cost of water from the desalination plant is $1.05 per m3 ($1,300 per acre-foot) if 
the plant is operating at full capacity (Vatter 2012).7 Officials at Tampa Bay Water, howev-
er, indicate that the plant will operate at an average production of 40,000 m3 per day (11 
MGD) from October 2012 through October 2013, which is considerably less than full ca-
pacity. At this reduced capacity, the unit cost of water is estimated at $1.30 per m3 ($1,600 
per acre-foot), more than double the original cost estimate (Vatter 2012).

Project Financing

The Tampa Bay Seawater Desalination Project was originally structured as a BOOT 
agreement, which usually employs some combination of debt and equity financing. Tax-
exempt private-activity bonds provided 90 percent of the project’s capital cost (Lokiec 
and Kronenberg 2001), and the remaining 10 percent was provided as an equity stake by 
the project developer. In 2007, however, Tampa Bay Water bought out Poseidon’s interest 
in the project using short-term, variable interest rate bonds and became the sole owner 
of the plant. Tampa Bay Water selected this financing strategy because interest rates were 
low at the time. Furthermore, the bonds would be repaid shortly after the project was 
completed because the Southwest Florida Water Management District (SWFWMD), a re-
gional agency that regulates and permits water resources for west-central Florida, agreed 
to provide $85 million of the project’s eligible capital costs over an eighteen-month pe-
riod upon completion. The SWFWMD obtained these funds through voter-approved, lo-
cally collected ad valorem property taxes designated for water supply creation.

Summary

When the Tampa Bay desalination plant was announced, it was hailed as a breakthrough 
for desalination in the United States and sparked enormous interest and excitement. But 
the project encountered several technical and managerial challenges. The experiences of 
Tampa Bay Water can help to inform the development of projects under consideration 
elsewhere. Some of the lessons that can be learned about cost, financing, and risk in-
clude the following:

 • Anticipate the transfer of ownership at any point of the project and  
consider what actions will be taken if that transfer occurs.

 • Exercise caution when transferring ownership under a DBOOT contract. 
The new owners must recognize that they are assuming many of the risks 
associated with the project.

7. This estimate includes O&M plus the annual debt service cost, assuming that the full capital cost of the 
project was financed at Tampa Bay Water’s average bond rate over thirty years.
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 • Ensure that those submitting proposals have relevant experience with de-
salination projects.

 • Minimize demand risk by implementing cost-effective water supply alter-
natives prior to the development of the project.

 • Consider establishing a minimum operating contract, rather than a take-
or-pay contract, to allow the water supplier to adjust production of the 
plant if cheaper alternatives are available.

Carlsbad Desalination Project
Poseidon Resources Corporation is working to build a 190,000 m3 per day (50 MGD) de-
salination facility at the Encina Power Station in the city of Carlsbad. The project would 
utilize the Encina Power Station’s existing surface intake and outfall structures. Posei-
don began developing the project in 1998, and in 2003 it constructed a demonstration 
facility at the site. The project has been highly contested, with local and environmental 
groups filing more than a dozen legal challenges, including lawsuits and permit appeals, 
against the project. By November 2009, Poseidon had received all of the permits required 
to build and operate the plant and announced it would begin to secure financing. Fi-
nancing was finally secured in December 2012. Here we provide a detailed case study of 
the cost, financing, and partnerships associated with the project.

Project Cost

Numerous and contradictory cost estimates for the Carlsbad Desalination Project have 
been put forth since the project was initiated in the late 1990s. In May 2002, initial capital 
cost estimates for the desalination plant were $260 million (Green 2002), dramatically 
less than other plants of similar size at the time. Estimates for the desalination plant and 
distribution pipeline were quoted at $270 million in 2002 (Jimenez 2002) and $320 mil-
lion in 2009 (Schwartz 2009). By October 2011, however, projected costs had increased 
to $950 million, more than three and one-half times the original cost. It is difficult to 
determine why these costs grew so dramatically over the ten-year period because there 
has been a lack of transparency regarding assumptions about financing, inflation rates, 
energy costs, interest repayment, related facilities, and other factors.

The water purchase agreement provided detailed cost estimates for the project. Ac-
cording to these figures, the capital cost of the project is $767 million (Lee 2013). Of that 
amount,

 • $537 million is needed for the planning, permitting, design, construction, 
mitigation, and legal costs associated with the desalination plant;

 • $159 million is needed to build a ten-mile pipeline to transport the desali-
nated water from the coast to the regional water distribution system; and

 • $80 million is needed for indirect costs associated with water system  
improvements, including relining and rehabilitating a five-and-one-half-
mile section of the distribution pipeline and modifying the Twin Oaks 
Valley Water Treatment Plant to accommodate desalinated water flows.
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In addition to the capital costs, operating and maintaining these facilities would cost an 
additional $49–$54 million each year (Lee 2013).8 Financing costs for the project, includ-
ing bond repayments and the return to the equity investors, exceed $1 billion (Lee 2013).

As described previously, the unit cost of water is determined by dividing the annual 
capital and O&M costs by the amount of water produced. In 2002, Poseidon estimated 
that the unit cost of water would be $0.65 per m3 ($800 per acre-foot) (Green 2002). In the 
initial contracts with local water agencies, Poseidon agreed to sell desalinated water at 
the same price that the agencies paid for imported water. Poseidon was willing to take a 
loss on the project in the short term, with the belief that imported water supplies would 
eventually be more expensive than the desalinated water and that they would recover 
these costs over the long term. Today, water agencies pay less than $0.81 per m3 ($1,000 
per acre-foot) for treated water from the Metropolitan Water District of Southern Califor-
nia (MWD), which is more expensive than Poseidon’s original cost estimate but consid-
erably less than the most recent estimates for the project.

Like the total cost, the unit price of water has also grown tremendously as the project 
has developed. By July 2010, the unit cost for water had increased to $0.89 per m3 ($1,100 
per acre-foot) plus an additional $0.41 per m3 ($500 per acre-foot) (in 2010 dollars) for 
delivery charges (SDCWA 2010). Since that time, the unit cost has continued to rise in 
response to changes in the plant design, inflation rates, improved financing estimates, 
and more. The most recent figures from the San Diego County Water Authority (SDCWA, 
or Water Authority) estimate that the cost to produce desalinated water and to integrate 
it into the existing distribution system is about $1.55–$1.76 per m3 ($1,900–$2,200 per 
acre-foot) (in 2012 dollars) (SDCWA 2012a).9 Note that the cost estimates—both the total 
cost and the unit cost—will likely change as the project advances.

A key question is how the cost of desalination compares with the cost of other water 
supply alternatives. A recent analysis by the Water Authority finds that the marginal cost 
of new supply within the San Diego area ranges from $1.20 to $1.93 per m3 ($1,475–$2,375 
per acre-foot) (in 2011 dollars) (table 6.5). The cost of water from the proposed seawater 
desalination plants—Carlsbad and Camp Pendleton—are at the high end of the range. 
Desalinated brackish groundwater and recycled water are considerably less expensive. 
This analysis, however, does not include an evaluation of the cost of water conservation 
and efficiency measures, many of which provide water for considerably less than $1.22 
per m3 ($1,500 per acre-foot) (Gleick et al. 2003).

Project Delivery Method

The Carlsbad desalination project has been in development since 1998 as a public-pri-
vate partnership. The project partners—and the relationships between those partners—
have changed considerably over the past fourteen years. In December 2001, Poseidon 
completed an initial study for the City of Carlsbad and proposed to build a desalina-
tion plant at the Encina Power Station. The original proposal was structured as a DBOO 
agreement, whereby Poseidon would retain ownership of the facility and would ask the 
regional water agencies, including the City of Carlsbad and the Water Authority, to sign a 
thirty-year contract to purchase water directly from Poseidon (La Rue 2001).

8. This includes O&M costs for the entire project, that is, the desalination plant, the conveyance pipeline, and 
the efficiency losses at the Twin Oaks Valley Water Treatment Plant.

9. The range in the unit price reflects a purchase of 48,000 to 54,000 acre-feet per year.
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By 2002, the partnership had shifted to a DBOOT arrangement. In November 2002, 
the Water Authority approved the outline of a partnership with Poseidon to build a de-
salination plant in Carlsbad. Under the proposed agreement, Poseidon would obtain the 
permits, secure the financing, and supervise the construction. The power plant’s owner, 
Cabrillo Power, would operate and maintain the facility. The Water Authority would be 
the sole purchaser of water and would be responsible for building the pipelines that dis-
tribute the water. Poseidon would initially own the plant but would sell it to the Water 
Authority after five years of operation (Jimenez 2002).

Negotiations between Poseidon and the Water Authority were on-again, off-again be-
tween 2003 and 2005. Unable to reach an agreement, the two sides resolved to pursue 
separate, competing projects at the Encina Power Station: one by the Water Authority 
and the other by Poseidon. In mid-2006, however, the Water Authority announced it 
would no longer pursue a desalination plant in Carlsbad (Rodgers 2006). Poseidon con-
tinued to pursue water purchase agreements with local agencies. By late 2009, Poseidon 
had received all of the permits it needed to build the plant and had signed water pur-
chase agreements with a number of local agencies (Burge 2009). With these agreements 
in place and with the withdrawal of the Water Authority, the Carlsbad Desalination Proj-
ect in effect shifted to a DBOO arrangement.

In mid-2010, the structure of the project abruptly shifted back to a DBOOT arrange-
ment. In July 2010, the Water Authority approved key terms to be the sole purchaser of 
water from Poseidon. Water Authority staff began negotiating specific elements of the 
agreement, including the water purchase price, allocation of risk, and options to eventu-
ally purchase the project’s pipeline and the entire desalination plant (SDCWA 2010). In 
September 2012, after more than two years of negotiation, the Water Authority released 
the water purchase agreement for a public review period prior to a vote by the county 
board of directors. Under this agreement, Poseidon would be responsible for designing, 
permitting, financing, constructing, and operating the desalination plant and would be 
the owner of the plant during the contract term.10 The Water Authority would have the 

TA B L E 6.5  Marginal Unit Cost of Water

Water Alternative Cost per Cubic Meter Cost per Acre-Foot

Brackish groundwater (Mission Basin Narrows) $1.39 $1,717

Brackish groundwater (Otay River) $1.20–$1.69 $1,475–$2,086

Indirect potable reuse (City of San Diego) $1.60–$1.93 $1,975–$2,375

Indirect potable reuse (North San Diego County 
Regional Reuse)

$1.32–$1.40 $1,628–$1,730

Seawater desalination (Camp Pendleton) $1.54–$1.90 $1,900–$2,340

Source: SDCWA (2012d).

Note: These costs refer to estimates for specific projects and are directly from the SDCWA. The costs shown in 
this table refer to average estimates across the regions. All costs are in 2011 US dollars and exclude any grants 
or incentives. The cost listed for the City of San Diego’s indirect potable reuse project includes wastewater-
related costs that could reduce the unit cost by up to $600 per acre-foot ($0.49 per cubic meter). This figure also 
excludes the costs of conservation and efficiency, water transfers from agriculture, and additional water from 
regional providers.

10. The contractor for the project would be a joint venture of Kiewit Infrastructure West and J.F. Shea Con-
struction. IDE Technologies would provide the process technology (e.g., the pumps and membranes) and 
would also operate and maintain the desalination plant.
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right to purchase the plant after ten years of commercial operation under previously 
specified terms and conditions or to take over ownership of the plant after thirty years 
for $1. The Water Authority may also purchase the plant if Poseidon is unable to secure 
financing or if the venture goes bankrupt (SDCWA 2012c). It is of note that in Tampa Bay, 
Florida, the project contractors were unable to secure financing, prompting Tampa Bay 
Water to purchase Poseidon’s interest in the project and assume many of the project-
related risks.

The pipeline needed to convey the desalinated water from the coast to the distribution 
system would be developed under a separate DB agreement between the Water Author-
ity and Poseidon. The Water Authority would own and maintain the pipeline and would 
finance the project using municipal bonds. Poseidon, however, would assume responsi-
bility for payment of the bonds in the event that Poseidon is unable to complete the de-
salination project. The Water Authority would also assume responsibility for completing 
and financing other water system improvements, specifically, relining the conveyance 
pipeline and upgrading the Twin Oaks Valley Water Treatment Plant.

The process for selecting Poseidon as the project partner was different from the typical 
process in a DBOOT arrangement. Ordinarily, the public agency solicits proposals for a 
project. Interested parties then submit their qualifications and, if accepted, submit a pro-
posal that includes some cost estimate. The public agency then selects a proposal on the 
basis of a variety of factors, including cost. The Water Authority, however, did not allow 
other parties to submit proposals and determine which one offered the best alternative. 
Without this process, it is difficult to determine whether the best proposal was selected.

Risk Allocation

One key element of the water purchase agreement between Poseidon and the Water Au-
thority is the allocation of risk among the project partners. As shown in table 6.6, project-
related risks are split between Poseidon and the Water Authority. Poseidon, for example, 
assumes the risks associated with construction of the plant; this includes ensuring that 
the project is completed on time, on cost, and according to design standards. Poseidon 
also assumes certain operational risks, including those associated with the amount of 
energy consumed, the costs of membrane performance and replacement, and chemical 
costs. Additionally, if Poseidon fails to produce water, then Poseidon must cover the debt 
service cost for the desalination plant and the Water Authority’s conveyance pipeline.

The Water Authority also assumes several project-related risks that could further in-
crease the price of water. For example, the Water Authority assumes the risk associat-
ed with changes in law or regulations that generally apply to water treatment facilities 
and wastewater dischargers. Thus, any additional costs associated with complying with 
these laws or regulations would allow Poseidon to increase the price of water. The State 
Water Resources Control Board, for example, is considering amendments to the Califor-
nia Ocean Plan that could increase the costs associated with brine discharge. Under the 
purchase agreement, capital costs of up to $20 million (in 2010 dollars) could be passed 
along to the Water Authority. The Water Authority also assumes the risk associated with 
inflation and rising electricity prices, and thus Poseidon can increase the price of water 
because of costs associated these factors.

The Water Authority also assumes the risk associated with sustaining demand for the 
water produced by the desalination plant. The water purchase agreement is structured as 
a take-or-pay contract, and under these terms the Water Authority must pay for the water 
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regardless of whether that water is needed. In a July 2012 meeting, SDCWA staff indicated 
that current regional water demands do not justify a fixed commitment to purchase the 
entire output of the plant, which is equivalent to 69,000 megaliters (Ml) per year. Rather, 
staff suggested that the agreement be based on a lower contract minimum of 59,000 Ml 
per year and that fixed costs be allocated on the basis of that purchase amount.

Based on the staff’s recommendation, the 2012 water purchase agreement establish-
es a take-or-pay contract with a minimum demand commitment of 59,000 Ml per year. 
Thus, the Water Authority must purchase at least 59,000 Ml per year of the most expen-
sive water available, even if demand declines or if cheaper alternative supplies are avail-
able. This exposes the Water Authority to significant demand risk and could have major 
cost implications for the Water Authority and its ratepayers. One option is for the Water 
Authority to consider a contract that establishes an even lower minimum commitment. 
While this may increase the unit cost of water, it would allow the Water Authority to re-
duce some operating costs, especially energy and chemical costs.

TA B L E 6.6  Project Risk Allocation

Risk Description Poseidon

San Diego County Water 

Authority

Construction risk—facility is not completed on time, on 
cost, and according to design standards

X

Permitting risk—current permit and environmental 
mitigation requirements increase

X

Change in law risk—future unanticipated laws or 
regulations increase operating costs

X X 

Technology risk—plant technology does not perform as 
expected

X

Output risk—plant is not able to produce the projected 
volume of water

X

Operating margin risk—the price of water is not 
adequate to generate enough revenue to pay 
expenditures or may increase more than projected

X

(budget cap)

X

(subject to CPI)

Pipeline operating risk—the pipeline connecting the 
plant to the regional aqueduct system and associated 
facilities is unable to transport acceptable water to the 
SDCWA’s wholesale customers

X X

Electricity—changes in the cost or amount of electricity 
used will affect the water price

X

(electricity 

consumption)

X

(electricity price)

Force majeure events X (insurable) X (uninsurable)

Source: SDCWA (2012b).

Note: The San Diego County Water Authority (SDCWA) assumes those risks, and costs, that affect all water 
treatment plant operators and wastewater dischargers and the cost of power plant improvements (with a cap 
of up to $20 million in capital and $2.5 million in annual operating costs; these estimates are in 2010 dollars).
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Project Financing

Efforts to finance the project began in late 2009. At that time, the cost estimate for the 
project was $300 million. Stephen Howard, head of the infrastructure group at Barclays 
Capital, which was seriously considering the plant at the time, was quoted as saying that 
a $300 million project was feasible, but “if this project was north of $800 million to $1 
billion, it would probably be very challenging” (Schwartz 2009). Today, costs are squarely 
within this range.

Financing for the project was finally secured in December 2012, shortly after the water 
purchase agreement was approved. Nearly 80 percent of the project’s cost was financed 
through tax-exempt private-activity bonds. The remaining 20 percent was provided by 
cash equity from Stonepeak Infrastructure Partners (Brennan 2013).11 Standard & Poor’s 
assigned a “BBB–” credit rating to the project, which is the lowest investment rating and 
was expected to increase the cost of financing the project. Despite the low rating, the 
project received a 4.78 percent yield on the bonds for the desalination plant and 4–4.5 
percent for the pipeline. Higher rates of return are expected for the equity providers. The 
Water Authority estimates that the cost to finance the project would be $227 million.

Summary

It is not yet clear whether the Carlsbad Desalination Project will succeed. However, the 
project raises several issues that should be considered by other developers seeking to 
pursue desalination project, particularly the following:

 • The project was negotiated in a noncompetitive environment, which raises 
concerns about whether the best project was selected, especially in rela-
tion to the cost, design, and operation of the plant.

 • Demand risk is a major concern for the project. Alternative supplies and 
conservation and efficiency improvements are available at lower cost than 
the desalination project.

 • The take-or-pay contract establishes a high minimum commitment to pur-
chase water. This would prevent the Water Authority from pursuing cheaper 
water alternatives as they become available.

 • The Water Authority should consider a lower minimum commitment, 
which would allow it the flexibility to reduce plant output and capture po-
tentially significant financial savings from lower O&M expenses.

Conclusions
Economics—including both the cost of the water produced and the complex financial 
arrangements needed to develop a project—are important factors that will determine 
the ultimate success and extent of desalination in California. In this chapter we provided 
detailed information about the cost of seawater desalination projects, how they are fi-
nanced, and some of the risks associated with these projects.

11. Stonepeak Infrastructure Partners, formerly the infrastructure investment division of Blackstone, is an 
equity investment firm that focuses on traditional infrastructure assets, especially in North America.
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How Much Does Desalination Really Cost?
Our analysis finds that the cost to produce water from a desalination plant is highly vari-
able. Recent estimates for plants proposed in California range from $1.54 to $2.43 per m3 
($1,900 to more than $3,000 per acre-foot). Although the cost of seawater desalination 
has declined considerably over the past twenty years, desalination costs remain high, 
and major cost breakthroughs are unlikely to occur in the near to mid term. Indeed, de-
salination costs may increase in response to rising energy prices.

The public and decision makers must exercise caution when comparing cost esti-
mates for different seawater desalination projects. In many cases, costs are reported in 
ways that are not directly comparable. For example, some report the cost of the desali-
nation plant alone, whereas others include the additional infrastructure, such as con-
veyance pipelines, needed to integrate the desalination plant into the rest of the water 
system. Some estimates include the cost to finance the project, and others do not. Even 
when there is an apples-to-apples comparison, a number of site- and project-specific 
factors, such as energy, land, and labor costs, make cost comparisons difficult.

Furthermore, costs associated with wastewater conveyance and treatment (and many 
other indirect costs to ecosystems) are often excluded from desalination cost compar-
isons. The introduction of a new source of water increases the amount of wastewater 
that must be collected, treated, and disposed of. Some communities may have adequate 
wastewater treatment capacity, and the additional costs would simply be the variable 
O&M costs associated with that treatment. In other communities, however, wastewater 
treatment capacity may need to be expanded, which represents an additional, and in 
some cases significant, capital cost to the community. While these costs would apply to 
all of the water supply projects under consideration to meet demand, the costs would 
not be incurred if water demand were met through water conservation and efficiency 
improvements.

What Are Some of the Risks Associated with Seawater Desalination 
Projects?
Several risks can affect a seawater desalination project’s cost, ability to attract financing, 
and overall viability. Many of these risks are not unique to seawater desalination proj-
ects; rather, they apply broadly to all major infrastructure projects. These include risks 
associated with permitting, construction, operations, and changes in law.

But as recent experience in the United States and Australia has shown, desalination 
projects entail risks specific to large water supply projects, including demand risk. De-
mand risk is the risk that water demand will be insufficient to justify continued full-time 
operation of the desalination plant as a result of the availability of less expensive water 
supply and demand management alternatives. In Australia, for example, four of the six 
desalination plants that have been developed since 2006 are being placed in standby 
mode. Likewise, the Tampa Bay Seawater Desalination Project operates considerably be-
low full capacity because demand is lower than expected and less expensive water sup-
ply options are available. Demand risk raises serious concerns about the size and timing 
of desalination projects.

In some regions, seawater desalination can make an important contribution to the 
availability and reliability of water resources. However, it remains among the most ex-
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pensive options available to meet water demands. Additionally, project developers may 
pursue large plants in an effort to capture economies of scale and reduce the unit cost of 
water. This can, however, lead to oversized projects that ultimately increase demand risk 
and threaten the long-term viability of a project.

How Are Desalination Projects Structured?
Issues regarding financing and the allocation of project costs and risks are tied to the 
way the project is structured. Many project developers in California are using some form 
of public-private partnership. The private sector’s involvement in seawater desalination 
projects is not new. The private sector has developed several small plants to supply high-
quality water for specific industrial purposes, such as for use on oil and gas platforms. 
Likewise, a desalination project in Santa Barbara, completed in 1992, was operated and 
partially owned by a private company. In some cases, the private sector’s involvement 
is limited to conducting feasibility studies and preparing environmental documents as 
requested by the public project developer. In other cases, however, a private entity owns 
and operates the desalination plant and sells water directly to a public agency. Public-
private partnerships provide a mechanism to access private capital and allocate risks 
among the project partners. They can, however, be highly contentious because of con-
cerns about openness and transparency of data and financial information and the allo-
cation of the risk among the project partners.

Additionally, utilities that are developing seawater desalination plants must be sure 
that there is a demand for that water, especially when establishing minimum commit-
ments under take-or-pay contracts. A take-or-pay contract provides guaranteed revenue 
for the seller but commits the buyer to a purchase even if actual demand drops. This ex-
poses the buyer to demand risk and provides a disincentive for water agencies to pursue 
more cost-effective water supply and water conservation and efficiency programs.
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C H A P T E R  7

Zombie Water Projects
Peter H. Gleick, Matthew Heberger, and Kristina Donnelly

Terraforming is not science fiction but reality: humans are remaking the surface of our 
planet. We are altering the composition of the planet’s atmosphere and fundamentally 
changing the entire global climate. We remove mountains and dig miles beneath the sur-
face for minerals. We cut down and destroy entire forests. We wipe out species and com-
munities of species. We divert and consume entire rivers. We’ve stored so much water be-
hind artificial reservoirs that we’ve actually (very modestly) changed the planet’s orbital 
dynamics. But we’ve lost sight of a fundamental principle: “can” does not mean “should.” 
Modern civilization must learn that the ability to do something doesn’t mean that we ac-
tually should, especially in the field of large-scale geoengineering. And this is especially 
true in the field of large water projects.

A key characteristic of the world’s hydrologic cycle is the uneven distribution of water 
in both space and time. While the planet, as a whole, has plenty of water, problems of 
availability arise in regions and seasons in which water is limited. These problems with 
distribution have led to a wide variety of solutions to store and move water from regions 
or periods of abundance to regions or periods of scarcity. In ancient times, moving water 
meant carrying it on one’s back, or digging short irrigation ditches from rivers to agri-
cultural fields, or, by the time of the ancient Romans, constructing elaborate gravity-fed 
aqueducts tens or even hundreds of kilometers long. But it wasn’t until the industrial 
age, with the energy of fossil fuels and the invention of machines that could pump water 
uphill, that humans began to conceive of and implement truly long-distance transfers of 
water. Today, there are no technical constraints on how far water can be moved; our limi-
tations are political, economic, and environmental. But even these constraints do not 
stop people from dreaming of ever more grandiose schemes to try to help solve global 
water problems.

As any consumer of popular culture today knows, a zombie is an undead creature, 
something that was killed but came back to “life,” in some form, to terrify, entertain, and 
gross people out. Zombies are big business. Zombie books, movies, costumes, makeup, 
computer games, and more are probably worth billions to our economy (not to mention 
the value of extra sales of axes, chain saws, and shotguns to people who never hunt or cut 
down trees).

But not all zombies are fictional, and some are potentially really dangerous—at least to 
our pocketbooks and environment. These include zombie water projects, which we de-
fine as large, costly water projects that are proposed, killed off for one reason or another, 
and brought back to life, even if the project itself is socially, politically, economically, or 
environmentally unjustified. We offer here—in an only partly tongue-in-cheek effort—
a list of some major zombie water projects from the past century: serious proposals  
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for massive projects to use, divert, or transfer water that died only to come back to life in 
one form or another.

We do not believe that any of the following zombie water projects will ever be built or 
implemented. But, as in movie zombies, we can never really be sure if they are truly dead.

The North American Water and Power Alliance—
NAWAPA
One of the largest water projects ever proposed was the North American Water and Power 
Alliance (NAWAPA). Stretching over the entire North American continent, it would have 
altered the hydraulic landscape in massive, dramatic ways. While never built, it remains 
a paper monument to the engineering mentality that in the past century dominated, and 
to some extent still dominates, water planning and thinking.

History
The North American Water and Power Alliance, or NAWAPA, was a plan first proposed in 
the 1950s to divert the flows of large rivers in western Canada and Alaska to the United 
States and Mexico. The project, named for the intergovernmental alliance that would run 
the project, would modify watersheds and water flows for much of the North American 
continent, and backers claimed it would “completely solve the water shortage problem” 
for generations to come (Special Subcommittee on Western Water Development 1964).

The grandiose plan has been called the “most outsize engineering project ever con-
ceived” (Rothfeder 2004, 111) and “the water scheme to beat all water schemes,” grander 
in scale than any river manipulation project ever imagined (Worster 1992, 315). Its total 
cost was estimated by backers in 1964 at $100–$200 billion over thirty years, a large sum 
considering that total federal government spending was about $110 billion in 1964. Ac-
counting for inflation alone, and not considering increases in land value or construction 
costs, the project would cost $0.7–1.4 trillion in 2013, nearly 10 percent of the United 
States’ annual economic output, or 40 percent of annual federal spending.

The project to divert rivers in Alaska and the Pacific Northwest to the lower forty-eight 
states was first imagined in the late 1950s by Donald McCord Baker, an engineer with the 
Los Angeles Department of Water and Power. He approached Ralph M. Parsons, pres-
ident of the Ralph M. Parsons Company, one of the country’s largest engineering and 
construction companies,1 headquartered in nearby Pasadena. Parsons was so taken with 
the idea that he vigorously promoted it his entire life, including endowing the NAWAPA 
Foundation to advance the cause. In addition, in the 1960s, Parsons assembled “several 
former Bureau of Reclamation engineers . . . to make money consulting and designing 
resource projects for countries around the world” (Worster 1992, 315).

The project also gained the attention of US senator Frank E. Moss, a Democrat from 
Utah, for whom the project became a lifelong interest. At Moss’s instigation, the Sen-

1. It remains so to this day, having built large projects, such as a Washington, DC, airport and the Goddard 
Space Flight Center in Maryland, and securing a $243 million contract in 2004 to build 150 hospitals in Iraq. 
The latter project erupted in controversy when it was later found that only twenty hospitals were completed 
(Mandel 2006).
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ate Public Works Committee studied the proposal, and the Senate held a series of hear-
ings on the subject. The committee report concluded that the project “warrants a serious 
analysis” while acknowledging that merely to conduct a “thorough engineering study” 
to find out whether the project was actually feasible and cost-effective would take years 
and cost millions. Such a study was never authorized by Congress, but Moss continued to 
push for the project. He wrote a book promoting NAWAPA called The Water Crisis in 1967, 
and, after losing his bid for reelection in 1976, he was hired by Parsons as a lobbyist. The 
proposal was also treated seriously by the executive branch of the federal government: 
the US secretary of state traveled to Canada to discuss the project, and the NAWAPA  
Foundation sent groups of American dignitaries north to tour project sites.

Promoters of NAWAPA emphasized impending water shortages and the need for tra-
ditional technological and infrastructural solutions. Concern was especially great for the 
arid and semi-arid Southwest, where groundwater reserves were dwindling in Texas’s 
Upper Rio Grande region and in Colorado, the Great Basin, and Southern California. Be-
cause NAWAPA would take thirty years to construct, its backers argued, it was important 
to begin before it was too late: “the water crisis is a problem of serious and far-reaching 
implications” that will “grow steadily worse until it reaches alarming proportions in the 
years 1980 and 2000” (Special Subcommittee on Western Water Development 1964, 11). 
Frank Moss, the Democratic senator from Utah, noted that current water withdrawals 
in the United States stood at 300 billion gallons per day, or 27 percent of stream flow. 
By 1980, he argued, population growth and expanded industry and irrigation would in-
crease demand to 900 billion gallons per day, or 80 percent of available stream flow. The 
forecasted increases in water use never occurred. According to the US Geological Survey, 
total water withdrawals peaked at 350 billion gallons per day in 1980 and have declined 
slightly since then, even while the country’s population and agricultural output have 
continued to rise steadily (Gleick 2003; Kenny et al. 2009).

Project Design
It was perhaps inevitable that some ambitious planner or engineer, confronted with the 
aridity and water scarcity of the American Southwest, would eventually look north. Some 
of the continent’s largest rivers, in terms of flow, are found in Southeast Alaska, the Ca-
nadian province of British Columbia, and the Yukon Territory and “pour wasted and un-
used” into the Pacific and Arctic Oceans (NAWAPA 1964). NAWAPA’s goal was nothing 
less than “total water management” on a continental scale, requiring the construction of 
3,151 individual projects, including dams, canals, pipelines, tunnels, and pumping sta-
tions to divert freshwater from this region of plenty to cities and farms on the Canadian 
prairie, in the United States, and as far away as Mexico. The catchment area of the project 
covers an area of 3.4 million square kilometers (1.3 million square miles) and by some 
estimates accounts for a quarter of all runoff in North America (see figure 7.1).

The plan called for diverting up to 20 percent of the flow of the Tanana, Susitna, and 
Yukon Rivers in Alaska. In British Columbia, it would tap the Churchill, Blackstone, Slave, 
Coppermine, Peace, and Mackenzie Rivers. Diversions from these rivers would be redi-
rected to fill a natural valley that runs the length of British Columbia, the Rocky Moun-
tain Trench, second in size only to the Great Rift Valley in East Africa. When filled, the 
reservoir would extend 800 kilometers (500 miles), average 16 kilometers (10 miles) in 
width, and be capable of storing 500 cubic kilometers (400 million acre-feet) of water. 
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This would be the largest reservoir on the continent, sixteen times bigger than Lake 
Mead, behind Hoover Dam on the Colorado River.

From the southern end of this new reservoir, a canal would extend southeast through 
the prairies in the provinces of Alberta, Saskatchewan, Manitoba, and Ontario and into 
Lake Superior, delivering irrigation water along the way and sending flow into the Great 
Lakes (figure 7.1). Among its purported benefits would be to “alleviate falling levels and 
degraded quality of the Great Lakes” (NAWAPA 1964). The “Canadian–Great Lakes Wa-
terway” would also open the long-dreamed-of waterway across the continent, allowing 
barge traffic from Alaska all the way to New Orleans or Montreal.

At the southern end of the Rocky Mountain Trench, another set of canals, tunnels, and 
lift pumps would send water to the Columbia River basin, the high plains of Idaho and 
Montana, and farther south. In northern Nevada, the main canal would split. A western 
fork would direct water southwest toward Las Vegas, Los Angeles, San Diego, the Colora-
do River delta, and the Baja California Peninsula. The eastern fork would send irrigation 
water to Colorado, Utah, New Mexico, Texas, and the northern Mexican states of Sonora 
and Chihuahua.

Among the other astounding facts about the project are that it would require the 
movement of 25 million cubic meters (32 million cubic yards) of earth and the use of 

FIGURE 7.1 MAP OF NORTH AMERICA SHOWING THE MAJOR WATER PROJECTS FOR NAWAPA
Source: Map by Matthew Heberger.

NAWAPA’s water projects extend from northwestern British Columbia, the Yukon Territories, and 

Alaska to Mexico and the St. Lawrence Seaway.
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27 million metric tons (30 million tons) of steel (NAWAPA 1964). These figures were an-
nounced in a promotional film produced by Parsons and were apparently meant to stoke 
the imagination of Americans, who, it has been argued, “have a predilection for techno-
logical solutions to problems, especially if the solution involves the construction of an 
impressive structure” (Sewell et al. 1967, 11).

Purported Benefits
Parsons’s spokesmen admitted that “at first or casual glance, the size of the concept may 
seem unrealistic or fanciful.” The company insisted, however, that more careful analysis 
revealed it to be “feasible from an engineering standpoint and economically realistic” 
(NAWAPA 1964). Much of the contemporary criticism of NAWAPA cited here comes from 
a twenty-page article, “NAWAPA: A Continental Water System,” printed in the Bulletin of 
the Atomic Scientists and containing an analysis of the project by prominent experts in 
the fields of economics, political science, engineering, and fisheries (Sewell et al. 1967).

While the plan relied on contemporary technologies such as concrete arch and earth-
en dams, there was legitimate concern about whether it was even technically realistic. 
The plan called for a dam 570 meters (1,700 feet) high, taller than a 170-story building 
and taller by far than the highest dam that had ever been built, Hoover Dam, at 220 me-
ters (725 feet). (In 2013, the world’s tallest dam is the Nurek Dam in Tajikistan, at 300 
meters, or 980 feet.) Critics also noted that much of the construction was to take place in 
the Rocky Mountains and would involve the blasting and moving of solid rock.

Among the main benefits of NAWAPA would be increased water supply for agriculture 
and cities. The planners foresaw a West with a rapidly growing population and increasing 
water use. Overall, the system was designed to deliver 150 cubic kilometers (120 million 
acre-feet) per year of water annually to thirty-three American states and seven Canadian 
provinces. To put this in perspective, this is about one-third of the average outflow of the 
Mississippi River and about eight times the natural flow of the Colorado River. This flow 
would allow Mexico to triple its irrigated acreage, would nearly double irrigated area in 
the United States by adding 16 million hectares (40 million acres), and would add 3 mil-
lion hectares (7 million acres) in Canada. Further, it would allow the United States to 
recover thousands of acres of formerly productive farmland that had been “degraded by 
the Colorado River’s excessive mineral content.”

Project proponents played into growing unease about population growth by saying 
that America had a duty to produce more food and calling NAWAPA the “only hope of 
averting worldwide famine.” Furthermore, “additional reclamation in the West,” it was 
claimed, would support the “development of 230,000 family-size farms, . . . 40,000 lo-
cal retail enterprises, and $4 billion in retail trade annually.” Even with promised wa-
ter deliveries, this would have been unlikely, as the irrigated western small family farm 
had long been proven an elusive fantasy. The mythos of Reclamation—converting dry 
and barren land into irrigated cropland, divided into 160-acre parcels to support family 
farms—was, by the 1960s, no longer a viable dream. These relatively small holdings, by 
western standards, and the high cost of farm inputs made it tough to break even. While 
irrigation water is used to grow valuable citrus fruits and vegetables in Southern Califor-
nia and Arizona, irrigation in the High Plains has never been very productive because of 
the short growing season, with most irrigation water today used to grow pasture for graz-
ing cattle. Imported water would also potentially reduce pressure on the overpumped 
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Ogallala Aquifer, which was being drained at alarming rates by farmers in the High Plains 
states from Nebraska to Texas.

Another benefit would be an increase in freshwater inflows to the Great Lakes, which 
in the 1960s were in deplorable condition as a result of pollution from industry and pesti-
cides and fertilizer in agricultural runoff. Further, residents became alarmed when water 
levels in Lakes Huron and Michigan dropped to their lowest levels in one hundred years. 
But to economist James Crutchfield, attempting to dilute pollution with additional in-
flow would have been foolishly expensive and unlikely to succeed. A cheaper and more 
effective solution would have been to “reduce pollution load” through the “establish-
ment and enforcement of adequate receiving water standards” (Sewell et al. 1967, 20). 
Indeed, this strategy was later pursued through federal clean water legislation.

Electrical generation was another promised benefit; hydroelectric dams would gener-
ate 100 million kilowatts of electrical power, 30 percent of which would be needed to lift 
water over mountain ranges. The remainder would be sold for competitive prices on the 
open market, which, proponents stated, would stimulate industry and new economic 
activities. It would have increased North America’s electrical output by one-sixth with 
“clean hydroelectric power—no pollution, no CO

2
, no acid rain” (Reisner 1986, 505). Uni-

versity of Washington professor of civil engineering E. Roy Tinney called the allocation 
of water and power facilities suboptimal, declaring the project little more than “a map of 
potential hydropower sites” (Sewell et al. 1967, 23). The project could be accused of plan-
ning unnecessary hydroelectric facilities to make up for revenue shortfalls from water 
projects that could never pay for themselves. Journalist Marc Reisner would later criti-
cize the US Bureau of Reclamation for bundling bad water projects with “cash-register 
dams” to make projects look economically feasible when considered from a “river basin 
perspective” (Reisner 1986, 42).

Abundant electricity and inexpensive canal transportation would benefit Canada, 
NAWAPA advocates claimed, by opening access to its mineral-rich northern regions. 
However, enthusiasm for these new opportunities was tempered by the reality that land 
would have been flooded: “The reservoirs not only flood good farming land and destroy 
natural habitat, they also eliminate large forest resources and inundate as yet unknown 
mineral deposits” (Sewell et al. 1967, 23). Reservoirs would also have flooded the lands 
of some First Nations people and cities such as Prince George, British Columbia, whose 
population today is 70,000.

Among the more dubious claims by Parsons were that “fish and game would increase” 
and the creation of “new scenic waterways” would enhance tourism. Even contemporary 
observers were skeptical of these claims, which in hindsight seem even more preposter-
ous. A critic wrote, “I boggle at the thought that western Canadians, or American visitors, 
would regard a giant man-made lake as an acceptable substitute for the magnificent rec-
reational area that it would despoil” (Sewell et al. 1967, 19). The project would have been 
devastating to salmon fisheries in every major river in British Columbia. Dams and di-
versions would have either cut off or submerged breeding habitat for migrating salmon 
on the Tanana, Bella Coola, Dean, Chilcotin, and Fraser Rivers, which were “among the 
most important salmon rivers on earth” since the destruction of the fisheries of the Co-
lumbia and Sacramento Rivers.

Luna Leopold, professor of hydrology at the University of California, Berkeley, wrote: 
“The environmental damage that would be caused by that damned thing can’t even 
be described. It could cause as much harm as all the dam-building we have done in a 
hundred years” (quoted in Reisner 1986, 510). Today, several Pacific salmon are listed 
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as federally protected endangered species in the United States, making the construc-
tion of new dams on America’s northwestern rivers increasingly unlikely. In fact, in order 
to help recovering salmon populations, the Bonneville Power Administration, Oregon’s 
state-owned hydropower utility, spends $170 million per year on a fish and wildlife re-
covery program in the Snake River and Columbia River watersheds (Garrick et al. 2009, 
378), and some dams are even being removed. The United States Congress passed the 
Wild and Scenic Rivers Act in 1968 with the intention of protecting rivers from damming 
and development for the enjoyment of future generations. The National Environmental 
Policy Act followed in 1969, requiring federally funded projects to undergo a thorough 
environmental review, which by law must consider the “no project” alternative.

Public Acceptance
At the time, economist James Crutchfield called the NAWAPA proposal “symptomatic of 
a growing public dissatisfaction with the planning of water development” in the United 
States. Despite huge investments, the problems of pollution and overuse were evident 
everywhere. Cold war rivalry may have also played a role. Historian Donald Worster 
wrote that the project “had about it the irresistible logic of an imperial history,” compar-
ing it to rival plans in the Soviet Union to reverse the flow of Siberia’s north-flowing rivers 
to water a new breadbasket in the country’s arid central plains (Worster 1992, 316). Proj-
ect backers certainly played into the public’s anxieties, proclaiming that “ultimately, the 
decision to build NAWAPA—or a project similar to it—will determine, in some part, the 
future economic well-being in North America” (NAWAPA 1964).

Despite its appeal, Worster wrote, the scheme arrived both too early and too late to 
win broad acceptance: too early because at the time there were other, more readily ex-
haustible water supplies that could be tapped. Planned or ongoing projects such as the 
California State Water Project or the Central Arizona Project were already controversial 
and massive drains on the public purse. Critics in the 1960s pointed out that even if there 
were a need for massive new water supplies, the NAWAPA scheme would not be the most 
economical way to provide them. Possible alternatives included desalination, recycling, 
“depollution,” reduction of leaks in cities, and decrease of waste through better technol-
ogy and pricing. And NAWAPA arrived too late because in the mid-1960s the environ-
mental movement was growing and the Reclamation era was coming to an end. Rachel 
Carson had published the groundbreaking Silent Spring in 1962, awakening Americans 
to the perils of pollution from pesticides and herbicides, and many people were already 
acquainted with Aldo Leopold’s “land ethic” (Lee 1978, 557).

Reception by Canada
At the time of its introduction, it was noted that the proposal “aroused relatively little 
enthusiasm in Canada,” but as the idea gained momentum, more Canadians became 
“openly hostile to the whole idea, viewing it as an attempt to plunder Canadian resourc-
es” (Sewell et al. 1967, 9). Canada is endowed with more freshwater per person than any 
other nation: it ranks first in renewable freshwater but, with 34 million people, only thirty- 
sixth in terms of population. A prominent American political scientist noted that, at the 
time, some Americans held the view that Canadians had “an obligation to share their wa-
ter resource with the United States” and suggested in 1967 that the United States could 
conceivably “apply pressure on the Canadian government to change its policy, backed 
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up perhaps by sanctions of various kinds” (Sewell et al. 1967, 9)—a strategy unlikely to 
further endear the project to Canadians.

Canada has historically opposed most water export schemes (Rothfeder 2004). Federal 
water policy promulgated by the environment ministry in 1987, during the administra-
tion of conservative Brian Mulroney, stated, “The Government of Canada emphatically 
opposes large-scale exports of our water. We have another reason for our opposition; the 
inter-basin diversions necessary for such exports would inflict enormous harm on both 
the environment and society, especially in the North, where the ecology is delicate and 
where the effects on Native cultures would be devastating” (Environment Canada 1987). 
However, the lack of a federal law regarding water transfers left the issue to the provinces, 
and there is no formal federal ban on such transfers.

Few Canadians believed the project would ever be built, but any mention of NAWAPA 
by an American politician continues to draw a vigorous negative response from the Ca-
nadian press. Despite widespread public opposition, the plan also receives occasional 
support from British Columbia politicians. Currently, one of the province’s largest sourc-
es of income is its logging industry, which harms the environment and is also subject to 
boom-and-bust cycles, depending on the economy and the housing market in the United 
States. By contrast, agriculture is more dependable: “water could be sold through forty-
year contracts . . . ensuring a steady, predictable income every year” (Reisner 1986, 511).

Statements by the United Nations and international trade agreements may further 
limit the Canadian government’s ability to impose a ban on all water transfers. At the 
United Nations’ 1992 International Conference on Water and the Environment in Dublin, 
the delegates issued a statement recognizing water as an “economic good” in response to 
the increasing scarcity, conflict, and overuse. To some, the declaration made it seem “in-
conceivable that Canada could continue to oppose water transfers and reject NAWAPA” 
(Rothfeder 2004, 111).

Trade liberalization may also play a role in facilitating international water projects. 
In 1994, the United States, Canada, and Mexico signed the North American Free Trade 
Agreement (NAFTA) with a goal of reducing barriers to trade and investment by elimi-
nating tariffs on many imports among the three countries. A provision of the agreement 
(chapter 11) “backs the right of companies to sue if they believe that their ability to trade 
freely is hampered in any way” (Rothfeder 2004, 112). In fact, this occurred in 1999, when 
a California company, Sun Belt Water, sued the Canadian government over its prohibi-
tion on shipping freshwater by marine tanker from British Columbia (Boyd 2003).

Renewed Interest and Current Status
As with many zombie water projects, interest in NAWAPA seems to fade away only to be 
revived decades later. In the 1980s, the American economy was recovering from reces-
sion and inflation at the same time a severe drought occurred across the western states, 
sparking widespread concern over food prices. At a 1980 meeting in California titled “A 
High-Technology Policy for U.S. Reindustrialization,” sponsored by the fringe Fusion En-
ergy Foundation, Dr. Nathan Snyder of the Parsons Company “reintroduced NAWAPA to 
a large and enthusiastic audience” (Reisner 1986, 508).

As recently as 2008, Michael Campana, professor of hydrogeology at Oregon State 
University, wrote that he had “heard talk about ‘bringing NAWAPA back,’ just as I have 
heard people suggest reviving a plan to study the diversion of Columbia River water to 
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the Southwest USA” (Campana 2008). In recent years, the project has again been pro-
moted by controversial political figure Lyndon LaRouche through his advocacy organi-
zation LaRouchePAC (LaRouche was behind the Fusion Energy Foundation, mentioned 
above). LaRouche has run for the US presidency eight times, and although he began his 
political career in the radical leftist student politics of the 1960s, his views are now con-
sidered ultraconservative. His reputation has been tarnished by a tax fraud conviction, 
for which he served fifteen years in prison; apparent anti-Semitism; climate change de-
nial; and the promotion of 9/11 conspiracy theories (Wikipedia 2013).

Although it seems doubtful that NAWAPA, as originally planned in the 1950s and 1960s, 
will ever be built, some of its individual components have already come to fruition. The 
overall scheme of NAWAPA included diversions and hydropower on rivers flowing into 
Hudson Bay in eastern Canada. Beginning in 1971, the government of Quebec has built 
hydroelectric dams on rivers in the James Bay watershed, including the La Grande and 
Eastmain Rivers. The James Bay Project currently generates 16,000 megawatts (equiva-
lent to the output of twenty-four average coal power plants), providing half of the prov-
ince’s electricity and making electricity one of the province’s major exports. The James 
Bay Project continues to expand, with construction of dams on the Rupert River having 
begun in 2010.

Lest we consider NAWAPA finally laid to rest, consider the scene described by Marc 
Reisner in the epilogue to his classic book Cadillac Desert. In 1981, British Columbia pre-
mier Bill Bennett visited San Francisco to give a talk at the Commonwealth Club. When 
an audience member asked whether British Columbia would sell water to the United 
States, he replied with a firm “No.” He then added, “But come and see me in twenty 
years” (Reisner 1986, 513). And consider the words of Tom McCall, governor of Oregon 
from 1967 to 1975: “This is a plan that will not roll over and die. It may be fifty years, or it 
may be a hundred years, but something like it will be built.”

The Reber Plan
Water policy and planning in the twentieth century was dominated in California, as it 
was in many other places, by an engineering mentality. A massive imbalance between 
when and where precipitation fell, where runoff flowed, and where demand for water 
occurred required major replumbing, and this led to the construction of some of the 
world’s largest water transfer systems in California, including the Los Angeles Aqueduct, 
the California State Water Project, and the federal Central Valley Project. Today, these 
and other systems transfer billions of cubic meters of water every year from the wetter, 
mountainous northern regions of the state to the drier agricultural lands of the Central 
Valley and the cities along California’s coast.

California also served as a critical region during World War II, providing food, major 
seaports and airports, railroad terminuses, munitions plants, shipyards, troop-staging 
areas, and workers for the massive Pacific war effort. It may be no surprise, therefore, 
to learn that the combination of the war effort and the engineering approach to water 
produced one of the most significant water zombies ever designed—the Reber Plan for 
San Francisco Bay.
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History
Freshwater runoff from California’s two largest rivers, the Sacramento and San Joaquin, 
merges in the Central Valley Delta region, once one of the biggest inland aquatic ecosys-
tems in the world (figure 7.2). That water then flows into San Francisco Bay and out the 
Golden Gate to the Pacific Ocean. So much freshwater once flowed out of the bay during 
peak runoff season that early explorers reported finding plumes of freshwater outside 
the Golden Gate in the Pacific Ocean (Presidio Trust, 2012). This system also supported 
some of the world’s largest anadromous fisheries—primarily salmon—with millions of 
fish being born in the rivers, living part of their lives in the oceans, and then returning to 
their upstream habitats to spawn.

The Reber Plan—also called the San Francisco Bay Project—was developed by John 
Reber, a schoolteacher and theatrical producer. Reber’s idea was to transform San Fran-
cisco Bay from the largest natural estuary and coastal ecosystem on the West Coast into 
a completely artificial engineered system. Two major earth and rock-fill dams would be 
constructed, one between the city of Richmond and Marin County and one between 
Oakland and San Francisco (where the current Richmond–San Rafael Bridge and San 
Francisco–Oakland Bay Bridge now stand). These dams would turn the upper and lower 
parts of the bay into freshwater reservoirs, permitting the destruction of 20,000 acres (80 
square kilometers) of marshes and wetlands with landfill on most of the eastern side of 
the bay. Highways and railroads would cross the dams, and a lock system the size of the 
Panama Canal would be built to permit shipping to reach the ports of Oakland, Stockton, 
and Sacramento (figures 7.2 and 7.3).

Gray Brechin, a historical geographer from the University of California, Berkeley, 
wrote that part of the motivation for the plan was fear that Japan would attack the West 
Coast. “Political cartoons of the day show that people were terrified,” Brechin says. “The 
Reber Plan seemed to provide the answer; people could be moved in and out of the area 
relatively quickly” (Sinclaire 2011).

Supporters of the Reber Plan also argued that the freshwater reservoirs created by the 
dams would solve California’s water problems by capturing water that was “lost” out the 
Golden Gate. That water could then be sent throughout the state to meet growing de-
mands. Many newspapers supported parts of the plan when it was proposed, the Joint 
Army and Navy Board requested a report (Nishkian 1946), and Congress even held some 
initial hearings in December 1949.

Project Review and Demise
The US Army Corps of Engineers was ordered to build a working hydraulic model of San 
Francisco Bay to see whether the Reber Plan would work. In 1957 the corps built the 
model, more than one and one-half acres in size, in Marin County. It created a physical 
representation of an area from the Pacific Ocean to Sacramento and Stockton, including 
San Francisco Bay, San Pablo Bay, and Suisun Bay and a portion of the Sacramento–San 
Joaquin Delta. (KQED, n.d.) Testing began in 1959, and corps engineers determined that 
the Reber Plan would be catastrophic for the ecosystem, flows, and chemistry of the es-
tuary and for San Francisco Bay. The reservoirs, instead of storing freshwater, would be-
come enormous evaporation ponds, incapable of providing any discernible amount of 
freshwater. Contaminants would build up in the bay, and commercial and natural fish-
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eries would be completely eliminated. The idea for the project was also overwhelmed 
by changing perceptions of the value of San Francisco Bay, a growing national environ-
mental movement, and a decrease in the perceived need for the military benefits the 
plan ostensibly offered. While the Reber Plan attracted considerable attention, it was ul-
timately opposed by the State of California, the US Bureau of Reclamation, and the US 
Army Corps of Engineers, and it never proceeded beyond the initial hearings and physi-
cal testing.

Alaskan Water Shipments
Most large-scale water transfers have been limited to water that can be moved overland 
through pipes and aqueducts. Transfers across bodies of water, especially salt water, 
have been constrained by distance and technology and limited by needs that could be 
satisfied with cheaper and more practical local alternatives. Despite this, proposals peri-
odically arise for large-scale bulk water transfers by sea from regions of water abundance 

FIGURE 7.2 THE SACRAMENTO–SAN JOAQUIN DELTA IN NORTH-CENTRAL CALIFORNIA

Source: US Geological Survey.

The Sacramento–San Joaquin Delta, where California’s two largest rivers meet, was a historically 

rich ecosystem but now provides much of the water transferred south for urban and agricultural 

developments.



FIGURE 7.3 THE REBER PLAN

Source: University of California, Water Resources Center Archives.

Conceived in the 1940s, the Reber Plan would have turned San Francisco Bay into a completely 

artificial, militarized system. The proposed water benefits turned out to be unrealistic.
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to regions of severe scarcity. Until the late twentieth century, such transfers that actually 
occurred were done with bulk tankers, like the kind used to ship oil, typically called very 
large crude carriers (VLCCs) or ultra large crude carriers (ULCCs).

Occasionally tankers have been constructed solely for the purpose of carrying potable 
water, which requires very strict water quality protections. Over the past two decades, 
however, some entrepreneurs have sought to develop and commercialize giant reusable, 
towable plastic bladders dedicated to the business of water transfers. We wrote about 
this technology in volume 1 of The World’s Water (Gleick 1998), describing some short-
term commercial experiments with bulk water bags in the Mediterranean and the long-
term efforts of entrepreneur Terry Spragg to develop “Spragg Bags” for both water trans-
fers and emergency response. 

In the late 1990s, a company called Aquarius Water Trading and Transportation devel-
oped and built water bags that were briefly used for commercial deliveries of water from 
Piraeus, Greece, to Aegina—a distance of around twenty kilometers (about twelve and 
a half miles). A Norwegian company, Nordic Water Supply, also developed a bag system 
designed to deliver water from Turkey to northern Cyprus. This project also failed to be 
economically and politically viable (Gleick 1998). More recent proposals include the fol-
lowing example of an effort to move water from Alaska to commercial markets overseas.

History
In the past decade, a proposal to ship water from Sitka, Alaska, to Asia or the Middle East 
has been proposed and promoted several times. Each time, the idea has run into the wall 
of economics, collapsed, lain fallow for a while, and then, like most zombie water proj-
ects, gotten up and staggered around again (Gleick 2011).

Here are the basics of the idea: In 2006, the town of Sitka in southeastern Alaska built 
a forty-two-inch-diameter pipeline connecting a local reservoir (Blue Lake Reservoir in 
Tongass National Forest) and the local port at Sawmill Cove. The waters of the lake are 
replenished by nearly one hundred inches (2.5 meters) of annual precipitation and some 
additional glacier melt. The pipeline is capable of delivering 22,500 gallons of water per 
minute, or around 32 million gallons per day (Alaska Water Project 2013). That same year, 
a local company, True Alaska Bottling Company (TAB), and a financial partner—S2C 
Global Systems from San Antonio, Texas—secured a contract from the town to sell just 
around 3 billion gallons of water a year (11 million cubic meters) in bulk from this res-
ervoir at a rate of around one cent per gallon. The company proposed that water be fed 
through an underground pipe system leading 2,000 feet offshore to permit loading of 
deepwater ships. In an early proposal, S2C Global Systems said it was developing a hub 
with an Indian port on the Arabian Sea (Barclay 2010).

Project Limitations
The company has never been able to capitalize on the contract, and it missed a series 
of deadlines imposed by the town to complete financial deals for the water. In late 2010, 
for the third time in four years, TAB and S2C Global Systems missed a deadline, for a 
minimum annual shipment of 50 million gallons by early December 2010. No water has 
been shipped in the years since the contract was first signed, in 2006 (Walton 2010b). The 
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city amended and extended the contract each time but increased export minimums and 
imposed fees on the company.2

Despite the project’s limitations, the Sitka Economic Development Association has 
been a strong supporter. In 2010, Garry White, executive director of the association, com-
mented on the project. “This water is falling into the ocean less than a mile from the 
lake,” he noted. “The community sees an opportunity to take this resource that flows out 
into the ocean and make it a driver for us.”

The biggest problem with the project, as with many such large-scale water transfer 
ideas, is the high cost of transportation. Moving water from Sitka, Alaska, to Asia or the 
Middle East involves massive energy costs for operating large tankers. Typical medium-
sized water tankers can carry as much as 100 million gallons per trip. If the water is worth 
even a penny a gallon (more than typical desalinated water costs), a tanker with 100 mil-
lion gallons is worth only around a million dollars. Capital and operating costs for tank-
ers far exceed the value of water as a cargo. The costs are increased by the fact that even 
high-quality water, as is available in Sitka, will deteriorate in quality in a tanker over time, 
requiring additional treatment and expense. Professor James McNiven at Dalhousie Uni-
versity in Nova Scotia observed (Barclay 2010):

If that water sits in the hold of a tanker for weeks traveling across the ocean, when it arrives 

it’s not spring water anymore; you’re going to have to clean it up. As a business proposition 

this gets to be very expensive and chances are the economics don’t work.

In an interview with Circle of Blue in August 2010, S2C’s president, Rod Bartlett, opti-
mistically suggested that the cost of purchasing and shipping water from Sitka to India 
would be on the order of $0.07 per gallon, ten times the cost of even the most expensive 
desalinated water. Why there would ever be a buyer for this water is hard to explain (Wal-
ton 2010a) when the alternative is a cheaper (albeit still costly) desalination plant built 
and owned locally.

Nevertheless, the project proponents are still pursuing buyers for the water. As of early 
January 2013, the City and Borough of Sitka’s website included an ad for bulk water ex-
ports that linked to a commercial Sawmill Cove solicitation for “proposals from com-
panies or individuals who are interested in bulk fresh water export. We currently have 
19,047 acre feet available annually for sale” (City and Borough of Sitka, Alaska 2013).

Las Vegas Valley Pipeline Project
Nevada is a water-short state, given the paucity of natural rainfall, high average tem-
peratures, and large and rapidly growing population centers of Reno and, especially, Las 
Vegas. Water management around Las Vegas was the responsibility of individual water 
districts until 1991, when seven neighboring water agencies joined together to form the 
Southern Nevada Water Authority (SNWA). The seven member agencies are the cities of 
Las Vegas, North Las Vegas, Boulder City, and Henderson and the water and reclamation 
districts of Las Vegas Valley, Big Bend, and Clark County.

2. In early 2013, the TAB website said the company was owned by Cove Partners LLC, an investment and hotel 
company located in Lebanon, Oregon. 
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Although the individual water districts maintain control over their own daily opera-
tions, the SNWA is in overall charge of managing the region’s water resources and ensur-
ing future supply (SNWA 2007). As part of this responsibility, the SNWA considers and 
evaluates long-term plans, including costly and politically controversial proposals. One 
of these is the Las Vegas Valley Pipeline Project—a potential water zombie.

History
Las Vegas is a desert. The city itself was created as a consequence of the construction of 
Boulder (now Hoover) Dam on the Colorado River and the creation of Lake Mead, the 
only significant source of water in the region (SNWA 2006). In the late 1920s, when seven 
western states that share the Colorado River were negotiating how to apportion flows, 
the southern Nevada region had a very low population and little to no agricultural or 
industrial water demand as compared with the other basin states. Partly as a result, dur-
ing the negotiations Nevada was allocated 300,000 acre-feet per year (AFY) of water, just 
4 percent of the total amount estimated for the lower basin. Today, nearly all of it goes 
to the Las Vegas region (Clark County), where 2 million people—72 percent of Nevada’s 
total population—reside.

As Nevada’s population has grown through the twentieth century, there have been ef-
forts to modify or renegotiate the Colorado River “Law of the River”—the set of com-
pacts, agreements, contracts, regulations, and court decisions that govern management 
of the Colorado River (US BOR 2007). However, these efforts are highly controversial and 
are largely ignored by the other basin states, which also are experiencing increased de-
mand for a limited resource. Part of the argument against reallocation of the Colorado 
River flow was based on the fact that Nevada had other in-state resources that could be 
developed, as the other lower basin states had done.

As a result, southern Nevada has considered several options for increasing its available 
water supplies, including development of five northern groundwater basins. In 1989, the 
Las Vegas Valley Water District (LVVWD) applied to the Nevada State Engineer (NSE) for 
permission to drill 146 groundwater wells in twenty-eight different sub-basins in White 
Pine, Lincoln, and northern Clark Counties. The permits requested up to 840,000 AFY 
(over a billion cubic meters per year) from wells as much as 500 kilometers (300 miles) 
from the city (Reinhold 1991) and drew substantial opposition from local residents, pub-
lic interest groups, and federal agencies. More than 3,600 protests were filed with the 
State Engineer’s Office (Reinhold 1991). When asked about the groundwater project in 
1994, the SNWA’s director, Patricia Mulroy, said that although others were calling it “the 
singularly most stupid idea anyone’s ever had,” concern over the applications helped 
draw attention to Nevada’s water needs (Christensen 1994). The groundwater permits, 
along with other water development proposals, were used to argue for changes to the 
Law of the River (Greene and Hynes 1996). One article notes that Mulroy said that the ap-
plications for rural groundwater would be dropped if the agency’s Colorado River appor-
tionment were to increase (Egan 1994). Within a few years, Las Vegas would end up with 
new rights to the Virgin River, a second pipeline into Lake Mead, and a water-banking 
agreement with Arizona.
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Recent Developments
The groundwater development project was revived in 2004 in the form of a proposed 
major pipeline to northeastern Nevada counties during a prolonged drought in the Colo-
rado River basin (Casey 2004). Before the drought, the SNWA had been expecting future 
water deliveries to come from surplus and banked supplies on the Colorado; however, 
falling lake levels put new pressures on those resources, and the SNWA could no lon-
ger count on their supply. Projections suggested that if drought conditions continued, at 
least one of the SNWA’s water intakes from Lake Mead could be unusable as early as 2012. 
Plans were made to build a third, deeper intake, and in February 2004 the SNWA’s board 
approved a plan to move forward with new plans to tap northern Nevada groundwater 
resources. The SNWA submitted a right-of-way application for construction of the pipe-
line to the US Bureau of Land Management (BLM) in 2004.

State permitting agencies approved new SNWA groundwater applications in Spring 
Valley in April 2007 and applications in Delamar, Dry Lake, and Cave Valleys in July 2008. 
However, these rulings were followed by nearly four years of efforts to delay implemen-
tation, including two court cases, required resubmission of the appropriations applica-
tions, and public hearings, meetings, and a mandatory reopening of the protest period. 
In March 2012, the NSE again approved the applications for the four basins, with even 
greater pumping allowances as well as modified requirements for research, monitoring, 
and reporting. The rulings also required expanded hydrologic and biological monitoring, 
preparation of annual reports, completion of baseline studies, and development of ef-
forts to mitigate adverse effects.

The BLM published a final environmental impact statement (EIS) for the pipeline sys-
tem and associated infrastructure in August 2012 and approved the right-of-way in De-
cember. The EIS recommended approval of a modified plan that would support transfer 
of nearly 115,000 acre-feet per year through over 300 miles of pipeline, at an estimated 
cost of just under $4 billion for the “preferred alternative” (US BOR 2012) (see table 7.1). A 
coalition of ranchers, farmers, rural local governments, and environmentalists appealed 
the state engineer’s 2012 ruling. Oral arguments were scheduled for June 2013, and if the 
decision is appealed (which is likely regardless of the ruling) the case could move into 
2014 (Eggen 2012).

Concerns about the project have changed little since its inception. They focus on the 
effects that groundwater pumping and withdrawals would have on local ecosystems and 
existing water users in the northern valleys, equity concerns about massive water trans-
fers from rural communities to urban centers, the long-term impact of climate change 
on water needs and availability, and the science behind the groundwater models and 
demand assumptions. Opponents are particularly concerned that groundwater in the 
extraction areas is already overallocated and that pumping at the proposed levels will 
draw down the water table by hundreds of feet. Although the SNWA has promised to 
monitor and to stop pumping should major drawdown occur, opponents argue that once 
negative effects are recognized, it will be too late to recover and too difficult politically 
to reduce extraction (Deacon 2009). Some opponents describe the project as a twenty-
first-century version of the Los Angeles water grab from the Owens Valley, or the movie 
Chinatown with its political intrigue, corruption, and land speculation. In that instance, 
in the early 1900s Los Angeles obtained the rights to take water from a distant rural com-
munity and disrupted the farming culture and environmental conditions there.
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The Special Problems with Snake Valley
Although the proposals for groundwater extraction have always included plans to pump 
water from Snake Valley, obtaining approval for this piece of the effort has been consid-
erably more complicated than for the other basins. The Snake Valley basin straddles the 
border of Nevada and Utah and is the only basin in the proposal that is shared with an-
other state (Deacon 2009).3 In 2004, Congress passed an act that would allow the ground-
water development project to be constructed on federal lands; however, it also required 
the SNWA to come to an agreement with Utah over Snake Valley (P.L. 108-424). The two 
states reached a tentative agreement in 2009 (State of Utah 2009); however, as of early 
2013, Utah still had not signed. And then, suddenly and unexpectedly, the governor of 
Utah, Gary Herbert, announced in April 2013 that he would not sign the agreement to 
share the groundwater in the joint basin. Governor Herbert said that he based his deci-
sion on feedback from local Snake Valley residents, including ranchers, landowners, Na-
tive American tribes, and governmental officials, most of whom opposed the agreement.

“A majority of local residents do not support the agreement with Nevada,” the gov-
ernor said. “Therefore, I cannot in good conscience sign the agreement because I won’t 
impose a solution on those most impacted that they themselves cannot support” (Salt 
Lake Tribune 2013).

The SNWA considered suing Utah for not signing the agreement, but as of mid-2013 it 
had not yet taken action.

Las Vegas Pipeline Summary
Is this a zombie water project? We’re not sure. It is unclear whether the project is po-
litically, economically, or environmentally viable and will move forward, although the 
SNWA maintains it is indispensable to the future of the city. The economic recession that 
began in 2008 slowed growth in the Las Vegas area, and increased conservation efforts 
have improved the water situation, though not by much and perhaps only temporarily. 
The city’s heavy dependence on the Colorado River, combined with very little industrial 
or agricultural use, means that the bulk of the efforts to modify demands must fall on 

TA B L E 7.1  Withdrawal Volumes for the Groundwater Development Project (Acre-Feet 
per Year)

Location SNWA Applications

NSE Ruling  

2007/2008 NSE Ruling 2012 BLM EIS, Alternative F

Spring Valley   91,224 60,000 61,127    84,370

Delamar Valley   11,584   2,493   6,042       6,591

Dry Lake Valley   11,584 11,584 11,584    11,584

Cave Valley   11,584   4,678   5,235    11,584

Total 125,976 78,755 83,988 114,129

Snake Valley   50,679    

Source: US BLM (2012).

3. However, it is not the only transboundary basin potentially affected.
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residential users. As some studies have suggested, far more could be done in this area 
(Cooley et al. 2007). Ensuring that southern Nevada has a sustainable supply of water will 
certainly require changes in both supply and demand management, but in the long run, 
there will have to be changes to regional development policies as well.

The project doesn’t appear to be dead yet, and indeed, it may actually be built. But it 
is clear that it represents the kind of project that would have been built in the twentieth 
century, when society didn’t care about, or didn’t understand, the social and environ-
mental implications of unrestrained long-distance water extraction and transfers.

Diverting the Missouri River to the West
Another proposal for a massive interbasin water diversion is the idea of moving Mis-
souri or Mississippi River water west to the arid and semi-arid parts of the country. While 
far smaller in scope than the NAWAPA project described earlier, water diversion from 
the Missouri or Mississippi basin would still be an enormous undertaking. Water would 
be moved in massive pipes and aqueducts, requiring large amounts of energy to pump 
water over mountains and leading to ecological and social dislocations in downstream 
regions.

History
There is a long history of ideas, efforts, actual expenditures, and construction projects 
designed to move Missouri River water somewhere else. As early as 1889, the Consti-
tutional Convention of North Dakota considered a proposal to build a canal to divert 
Missouri River water in Montana to the Red River for irrigation. The infamous Garrison 
Diversion Project and its related components (proposed and partially built in the 1930s, 
1940s, and 1950s) is a case in which hundreds of millions of dollars have been spent to 
try to do things that ultimately have failed to satisfy political, environmental, and social 
needs (Springer 2013).

Recent Efforts at Revival
The concept has always been seen as far-fetched, yet like traditional zombies, it is never 
seen as really dead. In 2012, the idea was raised again when the US Bureau of Reclama-
tion included it as one of many possibilities for rethinking management of the Colorado 
River. The study by the Bureau of Reclamation (“the Basin Study”) was the culmination 
of a two-year effort to develop and analyze future supply and demand scenarios for the 
seven states that share the Colorado River (Arizona, California, Colorado, New Mexico, 
Nevada, Utah, and Wyoming) (US BOR 2012). In the bureau’s analysis, the project was 
described as a 670-mile pipeline to divert water from one of the Mississippi River’s major 
tributaries to help seven arid states in the West (Salter 2012). The core of the idea is to 
build diversion dams along the Missouri and its tributaries to divert water during peri-
ods of high flow and move water west. If the water goes to users in the upper part of the 
Colorado River basin, for example, downstream users hope that upstream users would 
forgo some of their formal Colorado River legal allotments, permitting increased use 
lower in the basin. They suggest that the project would cost an estimated $11.2 billion 



Zombie Water Projects 141

and take thirty years to complete, though such initial cost estimates have a long history 
of being largely guesswork.

The Basin Study is a multiyear, multi-participant assessment of the growing challeng-
es facing the most important river basin in the arid western United States—the Colorado. 
It shows that water demands in the basin already exceed the river’s available supply—
a situation the Pacific Institute previously defined in a paper in the Proceedings of the 
National Academy of Sciences as having reached “peak water” (Gleick and Palaniappan 
2010). The situation will worsen as water demands grow with population and if, as scien-
tists now expect, water supply in the river diminishes with climate changes. Just as im-
portant as identifying water scarcity problems is identifying the options for addressing 
or preventing them. The Basin Study offers over a hundred different options and strate-
gies for increasing supply or reducing demand. Many make sense; a few are far-fetched 
and seriously out of touch with reality, including the idea to divert the Missouri River. It 
did, however, receive considerable attention in the media when it was released, reflect-
ing the fascination the public and the media have with massive engineering ideas.

This kind of proposal has been made especially forcefully by the city of Las Vegas, 
which (as described earlier in this chapter) faces serious water constraints as a result of 
uncontrolled development. As stated in 2011 by Patricia Mulroy, director of the Southern 
Nevada Water Authority (Velotta 2011),

it makes no difference to the corn and the alfalfa whether it gets Colorado River water or 

Mississippi water or Missouri water. . . . You could improve the transportation and cargo 

transports on the Mississippi River, which have been severely impaired this year by flood 

conditions, and at the same time provide some security for those communities that have lost 

everything by pulling some of that water off and moving it. . . . It’s more water than the sys-

tem down there can handle. Let’s use it. Let’s recharge the Ogallala aquifer, let’s replace some 

Colorado River users. Let them use some of this and leave the other water in the Colorado 

River for those states that are west of the Colorado.

From a narrow technological perspective, there is no doubt that such a pipeline can be 
built: a treatment plant, massive pumping stations, and a 600-mile-plus pipeline to move 
water. Technically, this is standard engineering, albeit on a large scale.

Project Limitations
But some observers note that it is a dangerous idea whose time has come and gone again, 
and in this era of fiscal limits, the federal government should not spend one penny even 
studying it, much less invest in such a thing. Why? The project is predicated on three as-
sumptions—all false:

First, it assumes that conservation and efficiency will not be sufficient to 
limit water demand and that we must find more “supply.”

Second, it assumes that money, energy, and the environment don’t matter.

Third, it assumes that there is excess water in the Missouri River to transfer.

Water demands should not be assumed to grow without limits. In the first case, wa-
ter managers, planners, local officials, and others are all trained to assume that water 
demands must grow inexorably with population and the economy and that the only re-



142  The World’s Water Volume 8

sponse is to find new sources of water. Recent experience in the western United States 
and many other regions—indeed, in the United States as a whole—shows that we can 
cut water use substantially by improving efficiency, cutting waste, and changing use pat-
terns while populations and economies continue to grow. Figure 7.4 shows that this has 
been the case in the United States for over thirty years, during which time total water use 
has actually declined—and new studies show that vast untapped and relatively low-cost 
efficiency improvements remain. Moreover, it is long past time we had a real conversa-
tion about land use, urban planning, and population policies instead of assuming they 
have no implications for water policy.

In the second case, a pipeline taking water west from the Missouri River makes sense 
only if you deeply discount or ignore economic, energy, and environmental factors. Such 
a pipeline would cost—at a minimum—tens of billions of dollars to build and would re-
quire massive energy inputs to run. Here is just one piece of this puzzle: moving water 
from the Missouri River at Leavenworth, Kansas (often described as a logical diversion 
point), to Denver, Colorado, would require a pipeline at least 600 miles long pumping 
water uphill around 5,000 feet (see figure 7.5). Even doing the math on the back of an en-
velope shows that the energy costs for pumping alone, with conservative assumptions, 
would be at least $1,000 per acre-foot of water. Add in the additional costs of financing 
and building such a pipeline and the power plants to run it, of operating it, and of treat-
ing and distributing the water, and we’re looking at some of the most expensive water 

FIGURE 7.4 US WATER USE AND GROSS DOMESTIC PRODUCT

Source: Gleick and Palaniappan 2010.

The graph shows US water withdrawals from 1900 to 2005 in cubic kilometers per year plotted 

against US gross domestic product in 2005 adjusted dollars. Note that water withdrawals are no 

longer growing with population and the economy but have actually declined.
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in the world (not including bottled water—another story). Even more ambitious, and 
costly, would be trying to move any of the water over the Rocky Mountains, where the 
additional pumping and energy costs would skyrocket.

Finally, the idea is also largely predicated on the assumption that the Missouri River 
has excess water. This, of course, depends on how you define “excess” and who is do-
ing the defining. Some of the proposals try to argue that water would be diverted only 
during infrequent high flow, or flood, events, which would further dramatically increase 
the unit cost of water, since huge, costly infrastructure would be idle for long periods of 
time. It is unlikely that, if actually built, the system would be operated in this manner. 
But it is also ironic that the idea was presented at exactly the same time—the 2012–2013 
seasons—that massive, severe drought cut the flows of the Missouri and Mississippi Riv-
ers to record low levels, barges were being stranded, downstream users were demand-
ing more upstream releases, and Midwest agriculture was suffering from water short-
ages. The US Army Corps of Engineers—the federal agency responsible for managing the 

FIGURE 7.5 ONE POSSIBLE ROUTE FOR THE DIVERSION OF MISSOURI RIVER WATER TO DENVER AND THE 
COLORADO FRONT RANGE

This figure also presents the distance/elevation profile showing that water would have to be 

moved nearly 600 miles and be pumped nearly 5,000 feet up, at a huge energy cost.
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river—declined requests for more water from the Missouri River to alleviate shortages 
on the Mississippi because such releases would have come at the expense of upstream 
users, drinking water supplies, environmental conditions, and hydropower generation.

Conclusions
We’ve reached the era of peak water, even on big rivers such as the Missouri or for un-
tapped resources such as northern-flowing rivers in Alaska and Canada. There are many 
other potential candidates for the category of “zombie water projects.” There is the pro-
posal to divert water from the Gulf of California back north to the Salton Sea. There is the 
proposal to cut a canal or run a pipeline from the Mediterranean Sea or the Red Sea to 
the Dead Sea (see the In Brief report in this volume for a detailed update on this idea). 
There has been talk for decades about building a massive canal in the Jonglei region of 
Sudan on the Nile to dry up the ecologically valuable inland Sudd swamps there and cut 
evaporative losses on the Nile. The Chinese are building a massive south–north canal 
system that may be quite alive.

While we can continue to fantasize about developing new water supplies by build-
ing larger and larger engineering projects to move water longer and longer distances, 
destroying ever more distant ecosystems in the name of satisfying uncontrolled and un-
questioned sprawl and development in arid regions, perhaps it is time to ask: Just be-
cause we can, should we? And once we ask that question, the answer typically comes 
back quickly: No, we shouldn’t. There are often far more environmentally, politically, and 
economically sound solutions that should be considered first. And many of these zombie 
water projects should be left for dead.
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The Syrian Conflict and the  

Role of Water
Peter H. Gleick

There is a long history of conflicts over water—consistently documented in each previ-
ous volume of The World’s Water biennial assessments, going back to the first, in 1998. 
The Pacific Institute also maintains a searchable online chronology of such conflicts go-
ing back five thousand years.1 There were dozens of new examples in the past two years, 
in countries from Latin America to Africa to Asia. Access to water and the control of wa-
ter systems have been causes of conflict, weapons used during conflicts, and targets of 
conflict, but there are also growing risks of violence over the role that water plays in de-
velopment disputes and economic activities. One especially disturbing example of a ma-
jor conflict, with complicated but direct connections to water, has developed since 2010: 
the unraveling of Syria and the escalation of massive civil war there.

Syria and Water
Syria’s political dissolution is, like almost all conflicts, the result of complex, interrelated 
factors. In this case, the conflict was influenced by an especially repressive and unre-
sponsive political regime, the erosion of the economic health of the country, and a wave 
of political reform sweeping over the entire Middle East and North Africa region. But in 
a detailed assessment, Francesco Femia and Caitlin Werrell (2012) of the Center for Cli-
mate and Security in Washington, DC, noted that factors related to drought, agricultural 
failure, water shortages, and water mismanagement also played an important role in 
nurturing Syria’s “seeds of social unrest” and contributing to violence. In particular, they 
argue that a very severe drought led to persistent crop failures, which in turn led to very 
significant dislocation and migration of rural communities to the cities. These factors in 
turn contributed to urban unemployment and economic dislocations and social unrest.

Water has always been a scarce resource in the region—one of the driest in the world. 
Syria receives, on average, less than 250 millimeters (not quite 10 inches) of rainfall annu-
ally. All of its major rivers (the Tigris, Euphrates, and Orontes Rivers and the Yarmouk, a 
tributary of the Jordan) are shared with neighboring countries. And Syria, like the region 
as a whole, experiences periodic droughts. Over the past century (from 1900 to 2005) 
there were six significant droughts in Syria, in which average monthly winter precipita-
tion dropped to only one-third of normal. Five of these droughts lasted only one season; 
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1. The chronology can be found at http://www.worldwater.org/conflict.html, and a version appears in this 
volume of The World’s Water. 
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the sixth lasted two. Starting in 2006, however, and lasting into 2011, Syria experienced a 
multi-season extreme drought and agricultural failures, described by Shahrzad Mohtadi 
as the “worst long-term drought and most severe set of crop failures since agricultural 
civilizations began in the Fertile Crescent many millennia ago” (Mohtadi 2012).

Robert Worth of the New York Times noted that this drought contributed to a series 
of social and economic dislocations (Worth 2010). The United Nations estimated that 
by 2011, the drought was affecting 2–3 million people, with 1 million driven into food 
insecurity. More than 1.5 million people—mostly agricultural workers and family farm-
ers—moved from rural regions to cities and temporary settlements near urban centers, 
especially on the outskirts of Aleppo, Hama, Homs, Damascus, and Dara’a.

In 2008, a diplomatic cable from the US embassy in Damascus to the US Department 
of State in Washington warned of the implications of the drought, with a review of local 
opinions and concerns as well as insights from the Food and Agriculture Organization of 
the United Nations (FAO).2 During the drought, FAO Syrian representative Abdullah bin 
Yehia provided a briefing on the impacts, described as a “perfect storm” when combined 
with other economic and social pressures. At that time, concerns were expressed that the 
population displacements “could act as a multiplier on social and economic pressures 
already at play and undermine stability in Syria.” In July 2008, Syria’s minister of agricul-
ture stated publicly to UN officials that the economic and social fallout from the drought 
was “beyond our capacity as a country to deal with.” This warning was perceptive and 
prescient: some of the earliest political unrest began around the town of Dara’a, which 
saw a particularly large influx of farmers displaced from their lands by crop failures.

The political problem was worsened by water mismanagement, poor planning, and 
policy errors. The regime of Bashar al-Assad traditionally provided large subsidies for 
the production of water-intensive crops, such as wheat and cotton, and flood irriga-
tion systems are largely inefficient. Groundwater supplies were reportedly overpumped, 
leading to dropping groundwater levels and rising production costs. Water withdrawals 
upstream by Turkey for its own agricultural production in the southern Anatolia region 
further reduced surface flows inside Syria. All of these factors contributed to growing 
economic and political uncertainty.

Suzanne Saleeby, writing for Jadaliyya, a magazine published by the Arab Studies In-
stitute, analyzed the links between economic and environmental conditions and the 
subsequent political unrest. Saleeby (2012) argued, “The regime’s failure to put in place 
economic measures to alleviate the effects of drought was a critical driver in propelling 
such massive mobilizations of dissent.”

Saleeby noted that the Assad regime made great strides in improving access to water, 
building water infrastructure that benefited rural communities and expanded agricul-
tural production. But she also noted that the vast expansion of irrigated agriculture in 
the region, especially of nonfood industrial crops, worsened water shortages in rural ar-
eas and led to salination of farmland.

These effects increased vulnerability to subsequent droughts. At the same time, gov-
ernmental sales of land in recent years to private agricultural interests led to growing 
mistrust and concern about corruption. Extensive exploitation of groundwater led to 
substantial drops in groundwater levels and, in some regions, contamination by salts and 

2. These observations were cited in the diplomatic cable, published at http://wikileaks.org/cable/2008 
/11/08DAMASCUS847.html. The accuracy of this cable’s contents has not been verified, but these statements 
appear to be in the public record.
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nitrates, making local wells (for example, in the ar-Raqqah region) unfit for human use. 
In all of these cases, trends toward privatization “corroded customary law over boundary 
rights” (Saleeby 2012), further worsening local tensions. These complex factors contrib-
uted to the extent and severity of the unrest (Saleeby 2012):

It is logical to conclude that escalating pressures on urban areas due to internal migration, 

increasing food insecurity, and resultant high rates of unemployment have spurred many 

Syrians to make their political grievances publically known. One might look to the city of 

Deir ez-Zor, one of Syria’s most dangerously dry areas, to locate deeply rooted seeds in the 

harvest of dissent. The northeastern city experienced one of the strongest sieges by the Syr-

ian army at the beginning of Ramadan after popular uprisings spread across its parched 

expanse. As a local activist told Syria Today, the citizens of Deir ez-Zor “are suffering and 

complain that they have had no help from the authorities who tell them what type of crops 

they have to plant, and have a monopoly on buying up what they produce.” Also among the 

cities whose residents’ livelihoods were most crippled by recent drought was Daraa, histori-

cally a “bread basket” of Syria. Additionally, Hama remains a major destination for drought- 

displaced farmers despite suffering its own water scarcity woes. In all three centers of popu-

lar uprisings lie important narratives of livelihoods lost and families left wanting.

Other Links between Water and Conflicts in Syria
After serious conflict in Syria developed, violence worsened and spread. In 2012, inciden-
tal impacts on urban water distribution systems were reported, as were specific, inten-
tional attacks on water systems because of their strategic value. During fighting around 
the city of Aleppo in 2012, the major pipeline delivering water to the city was badly 
damaged, and in September the city of about 3 million people was suffering shortages 
of drinking water (BBC 2012). In late November 2012, anti-Assad Syrian rebels overran 
governmental forces and captured the Tishrin Dam, a hydroelectric dam on the Euphra-
tes River, after heavy clashes (Mroue 2012). The dam supplies several areas of Syria with 
electricity and is considered to be of major strategic importance to the Syrian regime. In 
February 2013, anti-Assad forces captured the Tabqa Dam, also called the al-Thawrah 
Dam, which is the largest hydroelectric dam in the country and provides much of the 
electricity for the city of Aleppo (BBC 2013).

The Role of Climate Change
Indications for the future are not promising: on top of political unrest and economic 
dislocations, the region faces challenges posed by growing populations, the lack of in-
ternational agreements over shared water resources, poor water management, and the 
increasing risks of climate change. In 2008, the World Bank was already warning of future 
climate risks (World Bank 2008):

According to the latest IPCC assessment, the climate is predicted to become even hotter and 

drier in most of the MENA [Middle East and North Africa] region. Higher temperatures and 

reduced precipitation will result in higher frequency and severity of droughts, an effect that 

is already materializing in the Maghreb.



FIGURE WB 1.1 MILLIMETERS OF RAINFALL DURING WINTER PERIODS FROM 1902 TO 2010, SHOWING A 
DROP IN RAINFALL IN 1971–2010
Source: NOAA (2011).

FIGURE WB 1.2 FOUR DARKEST SHADES INDICATE THE AREAS AROUND THE MEDITERRANEAN THAT  
EXPERIENCED SIGNIFICANTLY DRIER WINTERS DURING 1971–2010 THAN IN 1902–2010
Source: NOAA (2011).



A research paper published in 2012 suggested that climate change is already beginning 
to influence long-term droughts in the region including Syria by reducing winter rain-
fall (see figures IB 1.1 and IB 1.2) (Hoerling et al. 2012). That study suggests that winter 
droughts are increasingly common and that human-caused climate change is playing a 
role. Martin Hoerling of the National Oceanic and Atmospheric Administration’s Earth 
System Research Laboratory, one of the study’s authors, stated, “The magnitude and fre-
quency of the drying that has occurred is too great to be explained by natural variability 
alone” (NOAA 2011).

If the international community wants to reduce the risks of local and international 
political conflicts and violence over water, more effort will have to be put into recogniz-
ing these risks and improving the tools needed to reduce them.
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The Dead Sea is a terminal lake with great historical, cultural, and economic signifi-
cance. The sea sits at the confluence of East and West, on the borders of the Hashemite 
Kingdom of Jordan, Israel, and the Palestinian National Authority, an area that has trans-
ported people, goods, and ideas for generations. For at least the past 150 years, serious 
proposals have been made to engineer a connection between the Red Sea, the Mediterra-
nean Sea, and the Dead Sea. The political, social, water, and environmental needs of the 
region have each, over time, contributed to the endurance of this idea; hammers, as they 
say, tend to manifest a great deal of nails, and humans have an affinity for large, complex 
hammers. Over time, the proposal has been offered as a means to facilitate transporta-
tion, generate electricity, supply freshwater through desalination, and advance broader 
regional peace and economic development. This Water Brief report summarizes both the 
history of and recent events in the proposals to build major infrastructure in this region.1

Projects to Improve Transportation
The first proposals date as far back as the 1850s, when the British suggested that a canal 
linking the Red Sea to the Mediterranean Sea could serve as an alternative to the Suez Ca-
nal as a route from Europe to India (Allen 1855). Political considerations regarding Egypt 
made finding alternatives to the Suez Canal attractive for the British and then for Israel 
(Ofner 1946; New York Times 1956). As early as 1883, a British member of Parliament not-
ed the “immense importance of obtaining, if possible, a waterway to India independent 
of the Suez Canal, and all its untoward complications” (Martin 1883). The idea persisted 
through the mid-twentieth century (Wallenstein 1966). As proposed, creation of a wa-
terway suitable for navigation would completely alter the local environment and would 
flood important cultural, religious, and historical sites (San Francisco Chronicle 1883). 
Ultimately, Israel chose to build a rail system over a canal to link the Mediterranean to 
the Red Sea, although even this project was never completed.

1. We chose not to include this section in the earlier chapter on zombie water projects because it isn’t clear 
that the idea is fully dead—yet.
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Projects to Expand Energy
As the lowest point on Earth, the Dead Sea has tremendous potential for hydroelectric 
power generation. In 1902, Theodor Herzl, the founder of modern Zionism, wrote about 
a canal that would take advantage of the 400-meter (1,310-foot) elevation difference be-
tween the Red Sea and the Mediterranean to generate hydroelectric power. As the cost 
of oil rose in the 1970s, Israel began studying the feasibility study of a canal project for 
energy generation, with navigation listed only as a potential “fringe” benefit (Torgerson 
1979). Jordan objected to the plan, as one option would have passed through the Gaza 
Strip, and in response began studying the feasibility of a hydropower canal from the Red 
Sea to the Dead Sea (Khouri 1980). Over time, canal proposals have considered other 
kinds of energy generation besides hydropower, including nuclear power and solar en-
ergy fields (Wallenstein 1966; Torgerson 1979). Although energy generation would also 
become another “fringe” benefit of future canal proposals, it remains a key component 
to reducing overall project costs.

Projects to Produce Freshwater
The project began to take its modern shape during the Middle East peace talks in the 
early 1990s, when freshwater scarcity and drastically increasing populations were threat-
ening the water security of the entire region (Wolf and Newton 2007). In order to address 
some of the region’s critical water issues, the peace process brought about the formation 
of the Multilateral Working Group on Water Resources. At a meeting of the group in 1993, 
Israel proposed desalinating Red Sea water to provide 1 billion cubic meters of water to 
the region, particularly Jordan (Schmetzer 1993).

It was envisioned that this project would be part of a much larger regional economic 
development plan to facilitate peace, with the London Observer calling it “the develop-
ment centerpiece of the Middle East peace accords” (Holmes 1994; Wisconsin State Jour-
nal 1994; Land 1994). Both sides began referring to the section of the Jordan Rift Valley 
between the Red Sea and the Dead Sea as “Peace Valley” (Peres 1994). However, by 1995 
the project had been shelved as a result of onerous bureaucracy, deteriorating relations, 
lack of funding, and failure of the parties to agree on design and management. At that 
time, the project was estimated to cost $4.2 billion, and the World Bank and other inter-
national monetary officials were making it clear that the money would not come from 
the international community (Rodan 1995; Izenberg 1997). There would be little move-
ment on the idea until changing circumstances offered a fresh application for the pro-
posal.

Projects to Restore the Dead Sea
The Dead Sea has slowly been shrinking throughout the twentieth and twenty-first cen-
turies. Israel, Jordan, and Syria began diverting the Jordan River in the 1960s, and ev-
eryone knew that the Dead Sea would slowly disappear as a result (Wallenstein 1966). 
Located in an area that receives less than 100 millimeters (under 4 inches) of rain per 
year and where temperatures often exceed 45°C, the Dead Sea is completely reliant on 
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inflow for its continued existence. It is estimated that the total inflow to the Dead Sea has 
been reduced from around 1,250 million cubic meters (MCM) per year in 1950 to around 
260 MCM per year in 2010. Furthermore, much of the water left in the lower Jordan Riv-
er consists of raw sewage, agricultural runoff, fish pond water, and saline spring water 
(Gafny et al. 2010). Lucrative chemical production facilities on the southern shore of the 
sea have also contributed to the decline. In order to extract potash and other chemical 
products, the chemical industries pump water from the upper Dead Sea to the lower sec-
tion, into solar evaporation ponds. Without this pumping, the southern Dead Sea would 
completely dry up. Paradoxically, the southern portion of the sea is now suffering from 
rising levels: waste materials left over from the mineral extraction process are causing 
the water levels to increase by 20 centimeters per year. This means that the majority of 
the tourism activity taking place on the Israeli side of the Dead Sea is at risk from flood-
ing, and large-scale dredging plans are being discussed (Udasin and Hartman 2011).

The Dead Sea shoreline now sits 426 meters (m) below sea level, more than 30 m lower 
than in the 1960s. Without any intervention, the sea is expected to drop by another 150 
m, stabilizing around 543 m below sea level, by the mid-twenty-second century (Coyne 
et Bellier et al. 2012).

Although one canal project noted the replenishment of the Dead Sea as a potential 
benefit as early as the 1980s (Khouri 1980), the idea would not take prominence until 
the late 1990s, when sinkholes began to appear on both the Israeli and Jordanian shores. 
Sinkholes form when declining sea levels move the interface of fresh and saline ground-
water, bringing undersaturated water into contact with salt formations. This freshwater 
dissolves these formations, leaving behind underground caverns that can eventually col-
lapse (Yechieli et al. 2002). These sinkholes have swallowed up roads, houses, and other 
infrastructure on the shorelines,2 which has had, and will continue to have, negative con-
sequences for the local and national economies. 

A Combined Plan
In 2001, the Center for Middle East Peace and Economic Cooperation revived the con-
cept, in a project dubbed the “Peace Conduit,” this time with saving the Dead Sea as a 
major objective, with other benefits being the production of drinking water, generation 
of hydropower, and a reduction in regional conflict (Lazaroff 2001). Israel and Jordan an-
nounced their commitment to the project in 2002 during the World Summit on Sustain-
able Development in Johannesburg, South Africa (Gavrieli and Bein 2007).

In 2005, Israel, the Palestinian Authority, and Jordan signed an agreement for a $15.5 
million feasibility study, funded through a multidonor trust fund administered by the 
World Bank (Al Bawaba 2005; Urquhart 2005). In 2013, the World Bank issued the final 
three draft reports: a feasibility study, an environmental and social assessment, and a 
study of alternatives.3 The reports tentatively conclude that a $10 billion pipeline is fea-
sible, though risky and not without environmental and social impacts.

The proposed plan would convey 2,000 MCM per year of Red Sea water to a desalina-

2. Sometimes even people: http://www.nbcnews.com/id/31475786/ns/world_news-environment/t/dead 
-sea-sinkholes-swallow-plans/#.UVgTQaLZ7jI.
3. The World Bank held a series of stakeholder meetings in February 2013 and planned to issue the final report 
documents in June (World Bank 2013).
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tion plant in Jordan, south of the southern tip of the chemical industries’ evaporation 
ponds. By 2060, the plant would produce more than 820 MCM per year, with 550 MCM 
per year for Jordan, 60 MCM per year for Israel, 60 MCM for Palestine, and 200 MCM left 
unallocated. Despite the inclusion of a hydropower facility in the preferred option, by 
2060 the desalination plant would still require at least an additional 6,140 gigawatt-hours 
of energy per year.4 Leftover brine waste would be used to replenish the Dead Sea, stabi-
lizing the level around 416 m below sea level by 2054. Potential impacts from this brine 
include precipitation of gypsum, which could create whitening events, stimulate algae 
blooms, or otherwise alter the water’s aesthetics.

Criticisms of the Project
It is unclear whether an effective multinational organization could form and carry out 
such a cumbersome and lengthy project. In order to access international support and 
financing, the project partners would need to set up a legal and institutional framework 
“founded on internationally accepted law and good practice” (Coyne et Bellier et al. 
2012). That could mean Israel would need to recognize that the Palestinian Authority 
has rights to the Dead Sea, which it has not yet done. As noted in the feasibility study, 
“one particularly powerful lesson to be learnt from experience elsewhere is that good 
governance requires a strong and autonomous regulatory authority.” It has not yet been 
made clear what kind of regulatory authority could be created, how it would operate, 
who would pay for it, and what its roles and responsibilities would be.

Moreover, anti-Israel sentiment is high in Jordan and the Palestinian Authority, and 
any collaborative projects are often widely perceived as “normalizing” the occupation in 
Palestine. The feasibility study and other reports have considered a Jordanian-led proj-
ect, with bilateral agreements set up to sell water and electricity to Israel and Jordan. 
However, a unilateral project would still require multinational cooperation and agree-
ment.

None of the individual countries has the financial means or political support to unilat-
erally move forward, and international financing is crucial. Although the feasibility study 
considered whether the project could be built in phases in order to alleviate some finan-
cial pressure, the study concluded that at least 75 percent of the project’s total capacity 
would be needed in the first phase to make the project financially viable. The feasibility 
study concluded that a mix of funding sources would be needed in order to meet the 
$10 billion price tag, and it outlined a list of preconditions that international financiers 
would likely have prior to investing, including implementing multinational agreements, 
making improvements to existing water infrastructure, and increasing the institutional 
capacity of the water sector.

In addition, environmental organizations and the chemical industries remain criti-
cal, citing concerns about Dead Sea and Red Sea water quality and environmental im-
pacts, as well as potential environmental and groundwater impacts in the Arava Valley. 
Both Israel and Jordan harvest chemicals from the rich, mineral-laden waters of the 
Dead Sea, and industries on both sides of the border are concerned that the impact of 

4. Energy and cost estimates include the energy required to pump potable water to Amman but not to Israel 
or the Palestinian Authority.
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mixing the desalination brine with water from the Dead Sea will threaten their lucrative  
operations.

The freshwater component of the project, while important, is less pressing now than 
it was at the beginning of the twenty-first century. Israel is already moving forward with 
its own coastal desalination program, which is expanding the freshwater available inter-
nally. The feasibility study concluded that it would be economically feasible to deliver 
water only to the low-elevation demand centers in the Dead Sea basin and the Arava 
Valley, where demand has been estimated to be 60 MCM per year. It is unclear whether 
the benefits of the project offer enough incentive for Israel’s continued participation. In 
Jordan, the Disi Water Conveyance Project is expected to be completed in 2013 and will 
transport 100 MCM of water to Amman from the Disi Aquifer, which lies beneath south-
ern Jordan and Saudi Arabia. Although the pressing need for freshwater in Jordan is ex-
pected to be temporarily assuaged by the project, water from this groundwater basin is 
not a sufficient or sustainable supply.

The idea to link the Mediterranean Sea or the Red Sea with the Dead Sea is not new, 
although the purpose and scope have changed considerably over time. The factors that 
have influenced these changes—population, politics, economics, and natural resource 
needs—are not static and will continue to shift. It is unclear whether the proposed al-
ternative, or some other iteration, can meet all these needs simultaneously and for all 
stakeholders in the region.
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Water and Conflict
Events, Trends, and Analysis (2011–2012)

Peter H. Gleick and Matthew Heberger

Violence over freshwater has a long and distressing history. For nearly two decades, the 
Pacific Institute has been tracking, analyzing, and cataloging instances of conflict over 
water resources (see box WB 3.1).

In recent years, there has been an increase in reported cases of water-related disputes 
and violence. Figure WB 3.1 shows the average number of events per year from 1931 to 
2012, averaged over two-year reporting periods. Part of this increase is almost certainly 
due to improvements in reporting; new Internet tools that permit more comprehensive 
collection and dissemination of news, data, and information; and more widespread 
awareness of the issue. But it is also possible that part of the increase is due to grow-
ing tensions and disputes over limited freshwater resources and the unresolved political 
challenges associated with “peak water”—the limits imposed on the availability of both 
renewable and nonrenewable water resources (Gleick and Palaniappan 2010). Without 
more information and a more comprehensive analysis, we are not able at this point to 
make any definitive statement about how to attribute the observed trends in this field, 
but we put forward the hypothesis, subject to better data and analysis, that the risks of 
water-related disputes involving violence are increasing. Others have also expressed 
this hypothesis, based on estimates of growing absolute and per capita scarcity of water, 
water contamination, and the extensive reliance of agriculture and some urban uses on 
nonrenewable sources of water that are rapidly being depleted (see, e.g., CSIS and Sandia 
National Laboratories 2005; US DIA 2012; Leurig 2012).

This idea is also at odds with some academic and popular writing that argues that the 
fear of water wars is overblown (Kramer et al. 2013). Part of that argument is based on 
the observation that there are substantial numbers of historical agreements and politi-
cal treaties over shared interstate water systems and a long history of cooperation and 
negotiation when disputes develop. But the argument against water “wars” is different 
from the broader issue of water-related conflicts. And it is somewhat of a “straw man” 
argument: the “water wars” discussions are almost always found in the popular media, 
not academic analyses, and while wars are almost never solely or primarily about water, 
water-related violence, at many different scales, does occur.

Furthermore, much of the discussion and analysis of water wars focuses on transna-
tional, or interstate, disputes, while there appears to be a growing threat of subnational, 
or intrastate, water conflicts. This distinction is further discussed and analyzed below, 
but we note that the prevalence and availability of international mechanisms to reduce 
the risks of interstate conflicts may offer little or no help in the area of intrastate conflicts.

159 



BOX WB 3.1 The Pacific Institute Water Conflict Chronology

The Pacific Institute maintains a comprehensive database, the Water Conflict 
Chronology, at http://www.worldwater.org. An update is also provided every 
two years in this biennial water report, The World’s Water, published by Island 
Press. Using these data, the Pacific Institute produces theoretical research pa-
pers, historical reviews, and regional case studies on water conflicts. We have 
organized workshops on lessons from regional water disputes in the Middle 
East, Central Asia, and Latin America. We have brought together experts from 
the fields of traditional and nontraditional arms control and helped coordi-
nate a workshop on the role of science and religion in reducing the risks of 
water-related violence, which was held at the Pontifical Academy of Sciences 
of the Vatican. 

The full Water Conflict Chronology includes integrated Google Maps; time, 
location, and subject filters; and a separate searchable bibliography.* The na-
ture of entries in the chronology can be described and categorized in different 
ways. The Institute has split the categories, or types, of conflicts as follows, 
though other groupings and distinctions can also be useful:

Military tool (state actors): water resources, or water systems themselves, 
are used by a nation or state as a weapon during a military action.

Military target (state actors): water resources or water systems are targets 
of military actions by nations or states.

Terrorism or domestic violence, including cyberterrorism (nonstate actors): 
water resources or water systems are the targets or tools of violence or 
coercion by nonstate actors. A distinction is drawn between environ-
mental terrorism and ecoterrorism (see Gleick 2006).

Development dispute (state and nonstate actors): water resources or water 
systems are a major source of contention and dispute in the context of 
economic and social development.

The Water Conflict Chronology has appeared in every volume of The World’s 
Water since 1998. It continues to be one of the most popular features of the 
Pacific Institute’s work, and it is used regularly by the media and by academ-
ics interested in understanding more about both the history and character of 
disputes over water resources (Zakaria 2013). 

        
*Water Conflict Chronology, http://worldwater.org/chronology.html.
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As shown here, it is precisely these subnational conflicts that appear to be increasing 
in scope and severity. In that sense, it is not water wars that the international community 
must address but the far broader lethal causes of water conflicts overall, especially con-
flicts over equitable access to water, strategies for sharing during shortages, and water 
contamination.

There is also evidence of a shift in the nature of these conflicts, away from water dis-
putes between nations and toward subnational and local violence over water access. Fig-
ure WB 3.2 shows the changes in the number and proportion of reported events at the 
transnational and subnational levels. The growing risk of subnational water conflicts was 
noted as far back as 1998 in the first volume of The World’s Water (Gleick 1998, 105):

Traditional political and ideological questions that have long dominated international dis-

course are now becoming more tightly woven with other variables that loomed less large in 

the past, including population growth, transnational pollution, resource scarcity and inequi-

table access to resources and their use.

Part of this shift is almost certainly due to improved local reporting of water conflicts, 
but part is also likely to reflect the greater availability of diplomatic and political tools at 
the international level that permit disputing parties to move toward cooperation rather 
than conflict. Such tools are notoriously weak at the local level, especially in countries 
with young or weak political institutions. And the greater prevalence of international 

FIGURE WB 3.1 NUMBER OF REPORTED WATER CONFLICT EVENTS PER YEAR, 1931–2012 (AVERAGED 
OVER TWO-YEAR PERIODS TO SMOOTH FOR CROSS-YEAR EVENTS AND UNEVEN REPORTING)
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mechanisms to reduce the risks of interstate conflicts over water does little or nothing to 
reduce the risks of intrastate, or subnational, violence.

The latest version of the Water Conflict Chronology includes events from 2011 and 
2012 plus new events from other years added by our research, submissions from col-
leagues and researchers, and contributions from the public. We continue to welcome 
such contributions.

2011 and 2012 Update
In 2011 and 2012, violence over water was reported in every major developing region of 
the world, especially the Middle East, Africa, and Asia, with additional important exam-
ples in Latin America. Below, we provide an update with key examples from this two-year 
period. The full chronology and list are available online.1

FIGURE WB 3.2 INCIDENCE OF REPORTED WATER-RELATED CONFLICTS FOR TRANSNATIONAL EVENTS 
(SOLID LINE) AND SUBNATIONAL EVENTS (DASHED LINE). IN THE PAST TWO DECADES, WATER CONFLICTS 
HAVE BEEN DOMINATED BY SUBNATIONAL DISPUTES.

1. Corrections, additions, and modifications are welcome. Send full citations and supporting information to 
pgleick@pacinst.org.
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Southern and Western Asia (India, Afghanistan, Pakistan, Iran)
In Afghanistan, three separate events were reported, in April, July, and December 2012. 
In mid-April, 150 schoolgirls were reported to have been sickened by poison in their 
school water supply in an intentional attack thought to have been carried out by reli-
gious conservatives opposed to the education of women (Hamid 2012). In July, seven 
children were killed by a bomb thought to have been intended for Afghan police and 
planted at a freshwater spring in the Taywara District of western Ghor Province (Shah 
2012). In December, in a sign of broader tensions over water between Afghanistan, Iran, 
and Pakistan, which share several rivers, Afghans defending the Machalgho Dam were 
killed. The dam is being developed for irrigation and local power supply. This dispute is 
just one of several surrounding the international waters of the region (Mashal 2012).

The year 2012 also saw a series of water-related conflicts within and between India, 
Pakistan, and Afghanistan. India has long experienced internal (state-to-state) disputes 
over water, especially between Karnataka and Tamil Nadu over the Cauvery River in a 
dispute that has been going on since at least 1991. At that time, court rulings allocating 
water from Karnataka to Tamil Nadu led to riots in Bangalore that killed twenty-three 
people, mostly Tamils. In 2002, a farmer in Karnataka jumped into a reservoir, killing 
himself, to protest water deliveries to Tamil Nadu (Circle of Blue 2012). Violence broke 
out again in 2012 when the state of Karnataka stopped the flow of water to Tamil Nadu, in 
violation of an order by the Supreme Court of India. In October 2012, thousands of farm-
ers in Karnataka tried to prevent the release of water from two dams (Krishna Raja Sagar 
and Kabini Dams) on the Cauvery River. Injuries to protestors and police were report-
ed (Circle of Blue 2012). The water releases were ordered by the Indian Supreme Court, 
which required that Karnataka meet deliveries to the downstream state of Tamil Nadu 
despite severe drought. The dispute continued later in the year when Karnataka again 
stopped releases downstream (Indian Express 2012).

Separately, scuffles and protests broke out around New Delhi during the summer 
of 2012 as residents surrounded water delivery trucks and fought over water (Reuters 
2012a). That summer was the hottest in thirty-three years, leading to extensive energy 
and water shortages.

In an international dispute between Pakistan and India, Pakistani militants were re-
ported to have attacked and sabotaged water systems, flood protection works, and dams 
in the Wullar Lake region of northern Kashmir. In August 2012, water engineers and 
workers were attacked and explosives were detonated at the unfinished Tulbul Naviga-
tion Lock/Wullar Dam, which Pakistan claims would violate the Indus Water Treaty with 
India by cutting water flows to Pakistan (Hassan 2012).

The Middle East and North Africa (MENA) Region
Serious examples of the use of water as a target and weapon of war were reported in Lib-
ya, during the civil war there, and in the long-standing dispute over borders, land, settle-
ments, and water control in Israel and Palestine in 2011. Cross-border and subnational 
disputes over water were reported in northern Africa in 2012 involving Egypt, Ethiopia, 
and Sudan, and separately, within both Sudan/South Sudan and Egypt over water alloca-
tion and scarcity.
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Libya

During the 2011 Libyan Civil War, forces loyal to dictator Muammar Gaddafi took con-
trol of a water operations center, cutting off the water supply to Tripoli. The system con-
trols Libya’s so-called Great Manmade River—a system of pumps, pipes, and canals that 
brings water from distant aquifers to Tripoli and other cities. Half the country was left 
without running water, prompting the United Nations and neighboring countries to mo-
bilize tanker ships to deliver water to coastal cities (Circle of Blue 2011; UPI 2011).

Sudan, Egypt, and Ethiopia

Continuing violence in Sudan had displaced hundreds of thousands of refugees, lead-
ing to an increase in deaths from water shortages. Violence broke out in March 2012 in 
refugee camps, where large numbers of people faced serious water scarcity. Fighting was 
reported at the limited water points in the Jamam refugee camp (McNeish 2012). The in-
ternational aid group Médicins Sans Frontières reported in June 2012 that as many as ten 
refugees were dying daily as water ran out in refugee camps in South Sudan (Ferrie 2012).

Within Egypt, farmers from the Abu Simbel region held over two hundred tourists 
hostage in June in a protest over the inadequate provision of irrigation water for local 
farms. The farmers captured the tourists after they had visited famous attractions in the 
region but released them after officials agreed to a temporary release of water (Egypt In-
dependent 2012). Shortly after this, a series of public protests over shortages of drinking 
and irrigation water took place, extending across seven Egyptian governorates. Some of 
these protests were violent: in Beni Suef Governorate, one person was killed and many 
were injured during a conflict over irrigation water; in Minya, villagers clashed with of-
ficials over water shortages and water pollution; in Fayoum, hundreds of people protest-
ing water shortages blocked a highway and set fires (Ooska News 2012).

In a transnational dispute involving Egypt, Ethiopia, and Sudan in September and Oc-
tober 2012, information was released about a possible secret agreement between Egypt 
and Sudan about an airfield that could be used to attack a major Ethiopian dam under 
construction. The dam, now known as the Grand Ethiopian Renaissance Dam (GERD), 
has also been called the Millennium Dam or the Hidase Dam. If built, GERD will be one 
of the largest dams in the world and the largest hydroelectric facility in Africa, located 
just upstream of the Ethiopian-Sudanese border on the Blue Nile. Egypt has expressed 
concerns about reductions in water flows reaching its citizens. The claim in 2012, strong-
ly denied by Egypt, was that Egypt and Sudan had reached an agreement to permit Egypt 
to use Sudanese territories to launch attacks on GERD if diplomatic efforts failed to re-
solve water-sharing disputes between Egypt and Ethiopia. The allegations originated in 
an internal 2010 e-mail made available by WikiLeaks (Sudan Tribune 2012; Al Arabiya 
News 2012).

Yemen
In September 2011, political violence in Yemen’s capital, Sana’a, led to secondary im-
pacts on access to water. Damage to infrastructure contributed to “acute water and 
power shortages, forcing residents to rely on power generators and buy water extracted 
from wells and sold on a thriving black market” (AP 2011). The violence arose during 
the Yemeni uprising that followed the Tunisian Revolution in early 2011 and coincided 
with mass protests in Egypt and other parts of the Middle East. During the violence, gov-
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ernmental soldiers shelled neighborhoods and destroyed many traditional rooftop water 
tanks, worsening the problem of water access.

Israel and Palestine
Two separate incidents involving conflicts and violence over water were reported in 2011 
in Israel and Palestine—a region with an especially long history of water disputes. In the 
first, Israel’s military was reported to have destroyed nine water tanks in the Bedouin 
village of Amniyr in the South Hebron Hills in the West Bank, Palestine. Later, soldiers de-
stroyed pumps and wells in the Jordan Valley villages of Al-Nasaryah, Al-Akrabanyah, and 
Beit Hassan (Abuwara 2011). In the second incident, Israeli settlers near Qasra, a West 
Bank village of 6,000, were reported to have destroyed crops—including olive trees—and 
a water well (Bsharat and Ramadan 2011).

Syria
In a period (2011–2012) in which there were a large number of water-related conflicts, 
one particularly disturbing event occurred with a complicated but direct connection to 
water: the unraveling of Syria and the escalation of massive civil war there (see In Brief 
2). Syria’s political dissolution, like almost all conflicts, is the result of complex and inter-
related factors, including an especially repressive and unresponsive political regime, the 
erosion of the economic health of the country, and a wave of political reform sweeping 
over the entire Middle East and North Africa region. But in hindsight, factors related to 
drought, agricultural failure, water shortages, and water mismanagement appear to have 
played an important role in nurturing “seeds of social unrest” as well; see the separate In 
Brief on this topic in this volume.

Latin America
Violence over water was reported widely in Latin America in 2012. Incidents involved Bra-
zil, Bolivia, Chile, Peru, and Guatemala. Three events were reported in Brazil in 2012: one 
associated with a controversy over control and management of indigenous lands, one 
during a dispute over dam construction, and violence associated with ongoing drought 
and water shortages. In the first instance, Brazil’s federal police were investigating re-
ports that water used by an indigenous tribe had been poisoned by nearby landowners 
who were attempting to gain control over disputed land. Since 2009, three men from this 
tribe had been reported killed in this dispute (AP 2012). In November 2012, work on the 
controversial $13 billion Belo Monte Dam was halted after protesters burned buildings 
at three dam sites. Several local groups and environmentalists fear that the dam across 
the Xingu River, a tributary of the Amazon, will damage local communities and their way 
of life, but the conflict also has economic roots (Phys.org 2012). Northeastern Brazil also 
saw growing conflicts after severe drought reduced water availability. News agencies re-
port that on average, one person a day was being killed as a result of “water wars” that 
involved locals fighting over scarce supplies (Catholic Online 2012).

There is a growing dispute over water from the Silala/Siloli River, which originates in 
Bolivia in the highlands of the Andes and flows to Chile. Bolivia recently linked an ongo-
ing argument about access to the Pacific coast with the flows of water in a shared river: 
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the Silala/Siloli (The Economist 2012a). In Guatemala, human rights activists protest-
ing the impacts of mining on local water quality and water rights were attacked. In June 
2012, a local activist was shot, mirroring another incident in 2010 when an activist had 
been shot while protesting the impacts of mining on water quality and local water rights 
(Amnesty International 2012).

In Peru, several incidents involving protests, injuries, and deaths were reported in re-
gions with opposition to large-scale mining operations because of concerns over water 
quality and water rights. In July 2012, four people were reported to have been killed in 
clashes between protestors and police over the proposed multibillion-dollar Minas Con-
ga gold mine (Yeager 2012). Protests focused on pollution, concern about water supplies, 
and economic issues have significantly slowed, and temporarily completely halted, all 
work at the mine (Reuters 2012b). A similar protest over the Xstrata Tintaya copper mine 
in May 2012 led to two deaths and fifty injuries (Reuters 2012c).

Central Asia
Central Asia, including the former Soviet republics, where almost all of the major rivers 
cross international borders, has been the scene of long-simmering tensions over water 
(Water Politics 2012). In this region, there are especially clear links between water and 
energy—a growing concern in other parts of the world as well. In 2012, a major dispute 
developed over water allocation and management among the Central Asian countries 
of Tajikistan, Kyrgyzstan, and Uzbekistan. Tensions among countries in the region have 
been growing for some time because of water scarcity, rivers that cross political borders, 
dam construction and management, and a lack of cooperative institutional agreements 
or institutions. In April 2012, Tajikistan protested that Uzbekistan had stopped deliver-
ies of natural gas because of a disagreement over a hydropower dam. Uzbekistan cut gas 
deliveries needed by Tajikistan because of concerns over efforts to build a hydroelectric 
power station that Uzbekistan said would disrupt water supplies for its citizens. Gas flow 
was resumed after a new contract was signed (Kozhevnikov 2012).

This event was perceived to be part of a larger long-standing dispute over two ma-
jor proposed hydropower dams in Kyrgyzstan and Tajikistan.2 These dams would be 
the largest ever built in Central Asia and would potentially affect water deliveries and 
availability to the downstream nations of Uzbekistan, Turkmenistan, and Kazakhstan, 
all of which have expressed their concerns. By some estimates, the Rogun Dam would 
significantly reduce summer water availability and increase winter flows, depending on 
operations. There is concern that if the dams are built, economic and political tensions 
among the countries will escalate. Uzbekistan has the ability to cut off natural gas ex-
ports to both Kyrgyzstan and Tajikistan, and as noted above, it has actually done so. In 
September 2012, the leader of Uzbekistan, Islam Karimov, stated that the Rogun Dam 
could lead to “not just serious confrontation, but even wars” (The Economist 2012b). This 
regional dispute is further complicated by political relationships with Russia. Russia has 
strategic interests in the region and has supported Kyrgyzstan and Tajikistan in return for 
an agreement to host Russian military bases for several decades to come (Borisov 2012).

2. The Kambarata-1 hydropower plant, proposed by Kyrgyzstan for the Naryn River, a tributary of the Syr 
Darya; and the Rogun Dam, proposed by Tajikistan for the Vakhsh River, a tributary of the Amu Darya.
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Other Regions in Africa
Several instances of violent clashes over access to water between pastoralists and farm-
ers were reported in many parts of Africa in 2012. The worst cases occurred in Kenya, but 
additional conflicts were reported between communities in Mali and Burkina Faso, in 
Mali and Mauritania, in Kenya and Uganda, in Kenya and Somalia, and within Tanzania.

Somalia/Kenya

In September 2012, Kenyan military officials reported that Al-Shabaab insurgent fighters 
had poisoned a water well and damaged water infrastructure for another well near the 
port city of Kismayu in an effort to counter the participation of Kenyan troops as part of 
the African Union Mission in Somalia (AMISOM) (Wabala 2012).

Kenya

Extensive violence over water was reported in Kenya in 2012, with more than one hun-
dred deaths in clashes between farmers and cattle herders over land and water (New 
York Times 2012). This conflict is part of a long-running dispute between the Pokomo 
people—mostly farmers near the Tana River—and the Orma, seminomadic cattle herd-
ers. In 2001, at least 130 people were killed in a string of clashes in the same district and 
between the same two communities over access to land and a river (Google News 2012a). 
There is some indication, however, that the current conflict is being exacerbated by Ken- 
yan and foreign investment in vast tracts of land for food and biofuel cultivation, put-
ting pressure on local resources (BBC 2012). Additional violence, including deaths, was 
reported in 2012 in disputes over access to water in the poorest slums around Nairobi 
(Njeru 2012).

Mali/Burkina Faso, Mali/Mauritania, Kenya/Uganda, Kenya/Somalia,  
and Tanzania

The past few years have seen a series of increasingly violent clashes over access to water 
and land between nomadic herders, pastoralists, and settled villagers. In May 2012, a 
clash along the border between Dogon tribesmen from Mali and nomadic Fulani herders 
from Burkina Faso killed at least thirty people after the revocation of an earlier agree-
ment to share water and pastureland (Xinhua News 2012b).

The conflict in Mali is also having repercussions in neighboring Mauritania, with pro-
tests and violence over water shortages reaching the capital, Nouakchott. By July 2012, 
over 70,000 Malian refuges were seeking asylum in Mauritania, putting added pressure 
on scarce food and water supplies. This led to protests in the capital over “the lack of 
water” (Taha 2012).

In August 2012, fighting between two clans in the Lower Jubba region of South Soma-
lia killed at least three people and wounded five. Reports from the village of Waraq (near 
the border with Kenya) indicated that the dispute originated with a disagreement over 
the ownership of new water wells (Shabelle Media Network 2012).

Cross-border tensions are also growing between Uganda and Kenya after Kenyan Po-
kot herdsman crossed the border in search of water and pasture. Borders are often ig-
nored in the region, where traditional pastoralists move herds to follow rains and graz-
ing opportunities. In October 2012, the Ugandan government deployed more than 5,000 
soldiers to the region in order to contain armed conflict among pastoralists from the two 
countries (Bii 2012).
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Violence between farmers and pastoralists has also expanded in Tanzania’s south-
eastern Rufiji River valley, a region hit by drought. In May 2012, a farmer was killed in 
a conflict with a herdsman in a dispute over access to water in the southern regions of 
Lindi and Mtwara. Five more people died and many more were injured in subsequent vi-
olence. According to local sources, the violence has been worsened in the past five years 
by prolonged drought (Makoye 2012).

South Africa
Protesters in Cape Town, South Africa, rioted over local failure to deliver adequate water 
and power to poor communities. Hundreds of protesters burned tires, destroyed cars, 
and threw rocks at police in August 2012 after continued disappointment and anger over 
the lack of basic services (Xinhua News 2012a).

Asia-Pacific Region
Amnesty International reported in 2011 that women in the slums of the Solomon Islands 
are “continually harassed, attacked, and raped” when they are forced to walk long dis-
tances in unsafe areas in order to find clean water. A survey showed that 92 percent of 
households do not have a tap in their home and that local water sources are often pol-
luted (Amnesty International 2011). Violence over access to a water source was reported 
in Maluku, Indonesia. Clashes in early 2012 led to several deaths and injuries (Jakarta 
Globe 2012).

Conclusions
Water-related violence has a long history and continues to be a global and regional prob-
lem. The past several years have seen an increase in the total number of reports of violent 
conflict over water. Unlike the situation in the early and middle parts of the twentieth 
century, an increasing proportion of reported cases have to do with subnational dis-
putes, terrorism, and local violence rather than transnational incidents. Many are small 
in scale, involving local violence over water allocations and use or violence over local 
development decisions that affect environmental and economic conditions at the com-
munity scale. But more and more of the reported cases have their roots in water scarcity 
and competition for a fixed resource that is reaching peak limits (Gleick and Palaniappan 
2010).

Much has been written in recent years about the nature of water-related conflicts 
and the need for improved international cooperation. Far less attention has been given 
to what appears to be the more significant risk: subnational violence and competition. 
Some of this violence has been, and will remain, local. But some may spill over into the 
international arena: the ongoing civil war in Syria (at the time of this writing) is a criti-
cal example in which water shortages, mismanagement, drought, and subsequent eco-
nomic and population dislocations appear to have contributed directly to the political 
unraveling of that country.

The data suggest that the challenges of water conflicts are growing, not shrinking, es-
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pecially at the subnational scale. Far better mechanisms and far greater efforts are need-
ed to address these kinds of conflicts.
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The full Pacific Institute Water Conflict Chronology, updated for 2010–2012, appears be-
low. A summary of recent events is provided in Water Brief 3 in this volume. As noted in 
volume 7 of The World’s Water, a detailed, interactive online database now provides inte-
grated Google Maps and filters to permit readers and researchers to view entries filtered 
by time period, location, and subject. It also includes a separate searchable bibliography.

The Water Conflict Chronology has appeared in every volume of The World’s Water since 
1998. It continues to be one of the most popular features of this report, and we continue 
to seek out and include additions sent by readers and researchers around the world. The 
chronology is increasingly being used by media and academics, and in 2013 it was cited 
by Fareed Zakaria (2013) of CNN.

The current categories or types of conflicts include the following:

Military tool (state actors): water resources, or water systems themselves, 
are used by a nation or state as a weapon during a military action.

Military target (state actors): water resources or water systems are targets 
of military actions by nations or states.

Terrorism or domestic violence, including cyberterrorism (nonstate actors): 
water resources or water systems are the targets or tools of violence or 
coercion by nonstate actors. A distinction is drawn between environmen-
tal terrorism and ecoterrorism (see Gleick 2006).

Development disputes (state and nonstate actors): water resources or wa-
ter systems are a major source of contention and dispute in the context of 
economic and social development.

Please email any contributions with full citations and supporting information to  
pgleick@pipeline.com.
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Water Conflict Chronology
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D A T A  T A B L E  1

Total Renewable Freshwater Supply 

by Country (2013 Update)

Description
Average annual renewable freshwater resources are listed by country, updating data ta-
ble 1 in the previous versions of The World’s Water. Data in this table from the AQUASTAT 
database of the Food and Agriculture Organization of the United Nations (FAO) were 
updated to reflect the most recent data in that database as of May 2013. However, be-
cause these data are typically produced by modeling or estimation, rather than measure-
ment, we continue to use data from other sources where appropriate (even if older than 
data in AQUASTAT). For example, most data for European countries come from the Eu-
rostat data set of the European Union. Data for Timor-Leste and for the Occupied Pales-
tinian Territory (as defined by AQUASTAT) were added in this volume.

Data in this table typically comprise both renewable surface water and groundwater 
supplies, including surface inflows from neighboring countries. The FAO refers to this as 
total natural renewable water resources. Flows to other countries are not subtracted 
from these numbers. All quantities are in cubic kilometers per year (km3/yr). These data 
represent average freshwater resources in a country—actual annual renewable supply 
will vary from year to year. 

Limitations
These detailed country data should be viewed, and used, with caution. The data come 
from different sources and were estimated over different periods. Many countries do not 
directly measure or report internal water resources data, so some of these entries were 
produced using indirect methods.

Not all of the annual renewable water supply is available for use by the countries to 
which it is credited here; some flows are committed to downstream users. For example, 
under treaty requirements, Sudan must pass significant flows downstream to Egypt. 
Other countries, such as Turkey, Syria, and France, to name only a few, also pass signifi-
cant amounts of water to other users. The annual average figures hide large seasonal, 
interannual, and long-term variations.
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Sources
The 2013 update was compiled by P. H. Gleick, Pacific Institute.
When a recent source uses older data previously cited here, we have tried to leave the 
original citation date and source.

(FAO: “Natural total renewable water resources.”)
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DATA TA B L E 1  Total Renewable Freshwater Supply by Country (2013 Update)

  Annual Renewable Year of Source of 

Region Country Water Resources (km3/yr) Estimate Estimate

AFRICA Algeria 11.6 2005 c

 Angola 148.0 2011 i

 Benin 25.8 2001 j

 Botswana 12.2 2011 i

 Burkina Faso 12.5 2011 i

 Burundi 12.5 2011 i

 Cameroon 285.5 2003 k

 Cape Verde 0.3 2005 c

 Central African Republic 144.4 2005 c

 Chad 43.0 1987 b

 Comoros 1.2 2005 c

 Congo 832.0 1987 b

 Congo, Democratic Republic  1283 2001 j 

  (formerly Zaire) 

 Côte d’Ivoire 81 2001 j

 Djibouti 0.3 2005 c

 Egypt 57.3 2011 i

 Equatorial Guinea 26 2001 j

 Eritrea 6.3 2001 j

 Ethiopia 122.0 2011 i

 Gabon 164.0 1987 b

 Gambia 8.0 2005 c

 Ghana 53.2 2001 j

 Guinea 226.0 1987 b

 Guinea-Bissau 31.0 2005 c

 Kenya 30.7 2005 c

 Lesotho 3.0 2011 i

 Liberia 232.0 1987 b

 Libya 0.6 2005 c

 Madagascar 337.0 2005 c

 Malawi 17.3 2001 j

 Mali 100.0 2005 c

 Mauritania 11.4 2005 c

 Mauritius 2.8 2005 c

 Morocco 29.0 2005 c

 Mozambique 217.1 2005 c

 Namibia 17.7 2005 c

 Niger 33.7 2005 c

 Nigeria 286.2 2005 c

 Réunion 5.0 1988 k

 Rwanda 9.5 2005 c

 Senegal 38.8 2011 i

 Sierra Leone 160.0 1987 b

 Somalia 14.2 2005 c

 South Africa 51.4 2011 i

 Sudan 64.5 2005 c

 Swaziland 4.5 1987 b

 Tanzania 96.3 2011 i

continues
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DATA TA B L E 1 continued

  Annual Renewable Year of Source of 

Region Country Water Resources (km3/yr) Estimate Estimate

 Togo 14.7 2001 j

 Tunisia 4.6 2005 c

 Uganda 66.0 2005 c

 Zambia 105.2 2001 j

 Zimbabwe 20.0 1987 b

NORTH  Antigua and Barbuda 0.1 2000 h

AND Bahamas 0.0 2011 i

CENTRAL Barbados 0.1 2003 k

AMERICA Belize 18.6 2000 h

 Canada 2902.0 2011 i

 Costa Rica 112.4 2000 h

 Cuba 38.1 2000 h

 Dominica  nd nd

 Dominican Republic 21.0 2000 h

 El Salvador 25.2 2001 j

 Grenada nd nd

 Guatemala 111.3 2000 h

 Haiti 14.0 2000 h

 Honduras 95.9 2000 h

 Jamaica 9.4 2000 h

 Mexico 457.2 2000 h

 Nicaragua 196.7 2000 h

 Panama 148.0 2000 h

 St. Kitts and Nevis 0.02 2000 h

 Trinidad and Tobago 3.8 2000 h

 United States of America 3069.0 1985 l

SOUTH Argentina 814.0 2000 h

AMERICA Bolivia 622.5 2000 h

 Brazil 8233.0 2000 h

 Chile 922.0 2000 h

 Colombia 2132.0 2000 h

 Ecuador 424.0 2011 i

 Guyana 241.0 2000 h

 Paraguay 336.0 2000 h

 Peru 1913.0 2000 h

 Suriname 122.0 2003 k

 Uruguay 139.0 2000 h

 Venezuela 1233.2 2000 h

ASIA Afghanistan 65.3 2011 i

 Bahrain 0.1 2008 u

 Bangladesh 1227.0 1999 f

 Bhutan 78.0 2011 i

 Brunei 8.5 2011 i

 Cambodia 476.1 1999 f

 China 2738.8 2008 r

 India 1911.0 2011 i

 Indonesia 2019.0 2011 i

 Iran 137.5 2008 u
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 Iraq 89.9 2011 i

 Israel 1.8 2008 u

 Japan 430.0 1999 f

 Jordan 0.9 2008 u

 Korea Democratic People’s Republic 77.1 1999 f

 Korea Republic 69.7 1999 f

 Kuwait 0.02 2008 u

 Laos 333.6 2003 k

 Lebanon 4.5 2008 u

 Malaysia 580.0 1999 f

 Maldives 0.03 1999 f

 Mongolia 34.8 1999 f

 Myanmar 1168.0 2011 i

 Nepal 210.2 1999 f

 Oman 1.4 2008 u

 Pakistan 247.0 2011 i

 Palestinian Territory, Occupied 0.8 2011 i

 Philippines 479.0 1999 f

 Qatar 0.1 2008 u

 Saudi Arabia 2.4 2008 u

 Singapore 0.6 1975 d

 Sri Lanka 52.8 2011 i

 Syria 16.8 2008 u

 Taiwan 67.0 2000 p

 Thailand 438.6 2011 i

 Turkey 211.6 2011 i

 United Arab Emirates 0.2 2008 u

 Vietnam 884.0 2011 i

 Yemen 2.1 2008 u

EUROPE Albania 41.7 2001 n

 Austria 84.0 2007 s

 Belgium 20.0 2007 s

 Bosnia and Herzegovina 37.5 2003 k

 Bulgaria 107.2 2010 s

 Croatia 105.5 1998 m, o

 Cyprus 0.3 2007 s

 Czech Republic 16.0 2007 s

 Denmark 16.3 2007 s

 Estonia 12.3 2007 s

 Finland 110.0 2007 s

 France 186.3 2007 s

 Germany 188.0 2007 s

 Greece 72.0 2007 s

 Hungary 116.4 2007 s

 Iceland 170.0 2007 s

 Ireland 51.0 2013 s

 Italy 175.0 2007 s

 Luxembourg 1.6 2007 s

 Macedonia 6.4 2001 n

 Malta 0.07 2005 s

 Netherlands 89.7 2007 s

continues
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DATA TA B L E 1 continued

  Annual Renewable Year of Source of 

Region Country Water Resources (km3/yr) Estimate Estimate

 Norway 384.0 2013 s

 Poland 63.1 2007 s

 Portugal 73.6 2007 s

 Romania 42.3 2013 s

 Serbia-Montenegro* 208.5 2003 k

 Slovakia 80.3 2013 s

 Slovenia 32.1 2007 s

 Spain 111.1 2007 s

 Sweden 186.2 2013 s

 Switzerland 53.5 2007 s

 United Kingdom 164.0 2013 s

FORMER Armenia 7.8 2008 u

SOVIET Azerbaijan 34.7 2008 u

UNION Belarus 58.0 1997 e

 Estonia 12.8 1997 e

 Georgia 63.3 2008 u

 Kazakhstan 107.5 2011 i

 Kyrgyzstan 23.6 2011 i

 Latvia 33.7 2011 i

 Lithuania 24.5 2007 s

 Moldova 11.7 1997 e

 Russia 4508.0 2011 i

 Tajikistan 21.9 2011 i

 Turkmenistan 24.8 2011 i

 Ukraine 139.5 1997 e

 Uzbekistan 48.9 2011 i

OCEANIA Australia 336.1 2005 t

 Fiji 28.6 1987 b

 New Zealand 397.0 1995 g

 Papua New Guinea 801.0 1987 b

 Solomon Islands 44.7 1987 b 

 Timor-Leste 8.2 2011 i 

*Referred to as Yugoslavia in previous volumes of The World’s Water.
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D A T A  T A B L E  2

Freshwater Withdrawal by Country 

and Sector (2013 Update)

Description
As with data table 1, this table on freshwater withdrawals has appeared in some form in 
every volume of The World’s Water and remains highly popular. The use of water varies 
greatly from country to country and from region to region. Data on water use by regions 
and by different economic sectors are among the most sought after in the water re-
sources area. Ironically, these data are often the least reliable and most inconsistent of all 
water resources information. This table includes the data available on total freshwater 
withdrawals by country in cubic kilometers per year and cubic meters per person per 
year, using national population estimates from 2010. The table also gives the breakdown 
of that water use by the municipal, agricultural, and industrial sectors, in both percent-
age of total water use and cubic meters per person per year. Note that “municipal” with-
drawals were previously called “domestic” withdrawals and now often include some 
estimates of commercial and institutional use in the single category.

Data for a number of countries have been updated in this table since the previous 
volume of The World’s Water. The AQUASTAT database of the Food and Agriculture Orga-
nization of the United Nations (FAO) continues to provide the bulk of the data, but we 
also work to update water-use data using country-specific sources. The data sources are 
explicitly identified.

“Withdrawal” typically refers to water taken from a water source for use. It does not 
refer to water “consumed” in that use. The domestic sector typically includes household 
and municipal uses as well as commercial and governmental water use. The industrial 
sector includes water used for power plant cooling and industrial production. The agri-
cultural sector includes water for irrigation and livestock. 

Limitations
Extreme care should be used when applying these data. They come from a wide variety 
of sources and are collected using a wide variety of approaches, with few formal stan-
dards. As a result, this table includes data that are actually measured, estimated, mod-
eled using different assumptions, or derived from other data. The data also come from 
different years, making direct intercomparisons difficult. For example, some water-use 
data are over twenty years old. Also note that the per capita water-use estimates are com-
puted using withdrawals from different years, but population estimates are normalized 
for 2010.
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228  The World’s Water Volume 8

As noted in past volumes of The World’s Water, the FAO AQUASTAT data set, while the 
most comprehensive single database, contains inadequate information on sources and 
assumptions and often contains modeled rather than measured values. Data from this 
database should be used with great care and with appropriate caveats about their 
quality.

Another major limitation of these data is that they do not include the use of rainfall in 
agriculture—what is sometimes referred to as “green water.” Many countries use a sig-
nificant fraction of the rain falling on their territory for agricultural production, but this 
water use is neither accurately measured nor reported in this data set. We repeat our 
regular call for a systematic reassessment of water-use data and for national and inter-
national commitments to collect and standardize this information. 

Sources
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Description
Safe drinking water is one of the most basic human requirements, and one of the Millen-
nium Development Goals (MDGs) by 2015 is to reduce by half the proportion of people 
unable to reach or afford safe drinking water. As a result, estimates of access to safe 
drinking water are a cornerstone of most international assessments of progress, or lack 
thereof, toward solving global and regional water problems.

Data are given here in two related tables. 
Data table 3A includes the percentage of urban, rural, and total populations, by coun-

try, with access to improved drinking water for 1970, 1975, 1980, 1985, 1990, 1994, 2000, 
2002, 2004, 2005, and 2008—similar to data table 3 in the previous volume of The World’s 
Water. In the current volume, however, these previous data are sorted alphabetically by 
country rather than separated by regions.

Data table 3B provides an update of the percentage of national, urban, and rural 
populations with improved drinking water for 2011, the most recent year for which data 
are available. This table also includes the percentage of country populations in urban 
and rural categories for 2011.

The World Health Organization (WHO) / UNICEF Joint Monitoring Programme (JMP) 
for Water Supply and Sanitation collected the data presented here over various periods. 
Most of the data presented were drawn from responses by national governments to WHO 
questionnaires. Participants in data collection include the JMP, the United Nations Chil-
dren’s Fund, and the Water Supply and Sanitation Collaborative Council, which has con-
tinued sector monitoring and aims to support and strengthen the monitoring efforts of 
individual countries. The forty largest countries in the developing world account for 90 
percent of population in these regions. As a result, the World Health Organization spent 
extra effort in collecting comprehensive data for these countries.

Data for 2000 and later reflect a significant change in definition. Data are now re-
ported for populations with and without access to an “improved” drinking water supply. 
An improved drinking water source is defined as one that, “by nature of its construction 
or through active intervention, is protected from outside contamination, in particular 
from contamination with fecal matter.”
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According to the World Health Organization, the following technologies were included 
in the assessment as representing an improved water supply: 

Household connection

Public standpipe

Borehole

Protected dug well

Protected spring

Rainwater collection

In comparison, an unimproved drinking water source refers to

Unprotected well

Unprotected spring

Rivers or ponds

Vendor-provided water

Bottled water

Tanker truck water

Limitations
A review of water and sanitation coverage data from the 1980s and 1990s shows that the 
definition of safe, or improved, water supply and sanitation facilities differs from one 
country to another and for a given country over time. Indeed, some of the data from in-
dividual countries often showed rapid and implausible changes in the level of coverage 
from one assessment to the next. This indicates that some of the data are also unreliable, 
irrespective of the definition used. Countries used their own definitions of “rural” and 
“urban.”

For the 1996 data, two-thirds of the countries reporting indicated how they defined 
“access.” At the time, the definition most commonly centered on walking distance or 
time from household to water source, such as a public standpipe, which varied from 50 
to 2,000 meters and 5 to 30 minutes. Definitions sometimes included considerations of 
quantity, with the acceptable limit ranging from 15 to 50 liters per capita per day.

WHO/JMP assessments since 2000 have attempted to shift from gathering informa-
tion from water providers only to including consumer-based information. The current 
approach uses household surveys in an effort to assess the actual use of facilities. “Rea-
sonable access” was broadly defined as the availability of at least 20 liters per person per 
day from a source within 1 kilometer of the user’s dwelling. A drawback of this approach 
is that household surveys are not conducted regularly in many countries. Thus, direct 
comparisons between countries, and across time within the same country, are difficult. 
Direct comparisons are additionally complicated by the fact that these data hide dispari-
ties between regions and socioeconomic classes.

Access to water, as reported by WHO/JMP assessments, does not imply that the level 
of service or quality of water is “adequate” or “safe.” In addition, the household surveys 
and censuses on which the JMP relies also measure “use” and not “access.” The assess- 
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ment questionnaire did not include any methodology for discounting coverage figures to 
allow for intermittence of supply or poor quality of the water supplies. However, the in-
structions stated that piped systems should not be considered “functioning” unless they 
were operating at over 50 percent capacity on a daily basis and that hand pumps should 
not be considered functioning unless they were operating for at least 70 percent of the 
time, with a lag between breakdown and repair not exceeding two weeks. These aspects 
were taken into consideration when estimating coverage for countries for which national 
surveys had not been conducted. More details of the methods used beginning with the 
2000 assessment, and their limitations, can be found at http://www.who.int/docstore 
/water_sanitation_health/Globassessment/GlobalTOC.htm. 

Sources
United Nations Environment Programme (UNEP). 1989. Environmental Data Report. GEMS 

Monitoring and Assessment Research Centre. Oxford, England: Basil Blackwell.
———. 1993–1994. Environmental Data Report. GEMS Monitoring and Assessment Research 

Centre in cooperation with the World Resources Institute and the UK Department of the 
Environment. Oxford, England: Basil Blackwell.

World Health Organization (WHO). 1996. Water Supply and Sanitation Sector Monitoring Report: 
1996 (Sector Status as of 1994). In collaboration with the Water Supply and Sanitation 
Collaborative Council and the United Nations Children’s Fund, UNICEF, New York.

———. 2000. Global Water Supply and Sanitation Assessment 2000 Report. http://www.who.int 
/docstore/water_sanitation_health/Globassessment/GlobalTOC.htm.

World Health Organization (WHO) and United Nations Children’s Fund (UNICEF). 2004. Meeting 
the MDG Drinking Water and Sanitation Target: A Mid-Term Assessment of Progress. http://
www.who.int/water_sanitation_health/monitoring/jmp2004/en/index.html. 

———. 2006. Meeting the MDG Drinking Water and Sanitation Target: The Urban and Rural 
Challenge of the Decade. http://www.who.int/water_sanitation_health/monitoring/jmp 
final.pdf. 

———. 2010. WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanitation. 
http://www.wssinfo.org/data-estimates/table/.

———. 2013. WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanitation. 
http://www.wssinfo.org/data-estimates/table/ (2011 data were accessed May 29, 2013).

World Resources Institute (WRI). 1988. World Health Organization data, cited by the World 
Resources Institute, World Resources 1988–89. World Resources Institute and the International 
Institute for Environment and Development in collaboration with the United Nations 
Environment Programme. New York: Basic Books.
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DATA TA B L E 3B  Access to Improved Drinking Water by Country, 2011 Update

  2011 Fraction of Population 

 2011 Population with Access to Improved Drinking Water

   Urban Improved Rural Improved National Improved 

 Urban Rural Total Improved Total Improved Total Improved

Country % %  (%)  (%)  (%)

Afghanistan 24 76 85 53 61

Albania 53 47 95 94 95

Algeria 73 27 85 79 84

American Samoa 93 7 100 100 100

Andorra 87 13 100 100 100

Angola 59 41 66 35 53

Anguilla 100 0 95  95

Antigua and Barbuda 30 70 98 98 98

Argentina 93 7 100 95 99

Armenia 64 36 100 98 99

Aruba 47 53 98 98 98

Australia 89 11 100 100 100

Austria 68 32 100 100 100

Azerbaijan 54 46 88 71 80

Bahamas 84 16 96 96 96

Bahrain 89 11 100 100 100

Bangladesh 28 72 85 82 83

Barbados 44 56 100 100 100

Belarus 75 25 100 99 100

Belgium 97 3 100 100 100

Belize 45 55 97 100 99

Benin 45 55 85 69 76

Bermuda 100 0

Bhutan 36 64 100 96 97

Bolivia (Plurinational 67 33 96 72 88

 State of) 

Bosnia and Herzegovina 48 52 100 98 99

Botswana 62 38 99 93 97

Brazil 85 15 100 84 97

British Virgin Islands 41 59

Brunei Darussalam 76 24

Bulgaria 73 27 100 99 99

Burkina Faso 27 73 96 74 80

Burundi 11 89 82 73 74

Cambodia 20 80 90 61 67

Cameroon 52 48 95 52 74

Canada 81 19 100 99 100

Cape Verde 63 37 91 86 89

Cayman Islands 100 0 96  96

Central African Republic 39 61 92 51 67

Chad 22 78 71 44 50

Channel Islands 31 69

Chile 89 11 100 90 98

China 51 49 98 85 92

China, Hong Kong SAR 100 0

China, Macao SAR 100 0

Colombia 75 25 100 72 93

continues
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DATA TA B L E 3B  continued

  2011 Fraction of Population 

 2011 Population with Access to Improved Drinking Water

   Urban Improved Rural Improved National Improved 

 Urban Rural Total Improved Total Improved Total Improved

Country % %  (%)  (%)  (%)

Comoros 28 72  97

Congo 64 36 95 32 72

Cook Islands 74 26 100 100 100

Costa Rica 65 35 100 91 96

Côte d’Ivoire 51 49 91 68 80

Croatia 58 42 100 97 99

Cuba 75 25 96 86 94

Cyprus 70 30 100 100 100

Czech Republic 73 27 100 100 100

Democratic People’s 60 40 99 97 98

 Republic of Korea 

Democratic Republic 34 66 80 29 46

 of the Congo 

Denmark 87 13 100 100 100

Djibouti 77 23 100 67 92

Dominica 67 33 96

Dominican Republic 70 30 82 81 82

Ecuador 67 33 96 82 92

Egypt 43 57 100 99 99

El Salvador 65 35 94 81 90

Equatorial Guinea 39 61

Eritrea 21 79

Estonia 69 31 99 97 99

Ethiopia 17 83 97 39 49

Faeroe Islands 41 59

Falkland Islands (Malvinas) 74 26

Fiji 52 48 100 92 96

Finland 84 16 100 100 100

France 86 14 100 100 100

French Guiana 76 24 95 75 90

French Polynesia 51 49 100 100 100

Gabon 86 14 95 41 88

Gambia 57 43 92 85 89

Georgia 53 47 100 96 98

Germany 74 26 100 100 100

Ghana 52 48 92 80 86

Greece 61 39 100 99 100

Greenland 85 15 100 100 100

Grenada 39 61

Guadeloupe 98 2 99 100 99

Guam 93 7 99 99 99

Guatemala 50 50 99 89 94

Guinea 35 65 90 65 74

Guinea-Bissau 44 56 94 54 72

Guyana 28 72 98 93 95

Haiti 53 47 77 48 64

Honduras 52 48 96 81 89
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  2011 Fraction of Population 

 2011 Population with Access to Improved Drinking Water

   Urban Improved Rural Improved National Improved 

 Urban Rural Total Improved Total Improved Total Improved

Country % %  (%)  (%)  (%)

Hungary 69 31 100 100 100

Iceland 94 6 100 100 100

India 31 69 96 89 92

Indonesia 51 49 93 76 84

Iran (Islamic Republic of) 69 31 98 90 95

Iraq 66 34 94 67 85

Ireland 62 38 100 100 100

Isle of Man 51 49

Israel 92 8 100 100 100

Italy 68 32 100 100 100

Jamaica 52 48 97 89 93

Japan 91 9 100 100 100

Jordan 83 17 97 90 96

Kazakhstan 54 46 99 90 95

Kenya 24 76 83 54 61

Kiribati 44 56 87 50 66

Kuwait 98 2 99 99 99

Kyrgyzstan 35 65 96 85 89

Lao People’s Democratic 34 66 83 63 70

 Republic 

Latvia 68 32 100 96 98

Lebanon 87 13 100 100 100

Lesotho 28 72 91 73 78

Liberia 48 52 89 60 74

Libyan Arab Jamahiriya 78 22

Liechtenstein 14 86

Lithuania 67 33 98

Luxembourg 85 15 100 100 100

Madagascar 33 67 78 34 48

Malawi 16 84 95 82 84

Malaysia 73 27 100 99 100

Maldives 41 59 100 98 99

Mali 35 65 89 53 65

Malta 95 5 100 100 100

Marshall Islands 72 28 93 97 94

Martinique 89 11 100 100 100

Mauritania 41 59 52 48 50

Mauritius 42 58 100 100 100

Mayotte 50 50

Mexico 78 22 96 89 94

Micronesia (Fed. States of) 23 77 95 88 89

Monaco 100 0 100  100

Mongolia 69 31 100 53 85

Montenegro 63 37 100 95 98

Montserrat 14 86 99 99 99

Morocco 57 43 98 61 82

Mozambique 31 69 78 33 47

Myanmar 33 67 94 79 84

Namibia 38 62 99 90 93

continues
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DATA TA B L E 3B  continued

  2011 Fraction of Population 

 2011 Population with Access to Improved Drinking Water

   Urban Improved Rural Improved National Improved 

 Urban Rural Total Improved Total Improved Total Improved

Country % %  (%)  (%)  (%)

Nauru 100 0 96  96

Nepal 17 83 91 87 88

Netherlands 83 17 100 100 100

Netherlands Antilles 93 7

New Caledonia 62 38 98 98 98

New Zealand 86 14 100 100 100

Nicaragua 58 42 98 68 85

Niger 18 82 100 39 50

Nigeria 50 50 75 47 61

Niue 38 62 99 99 99

Northern Mariana Islands 91 9 97 97 97

Norway 79 21 100 100 100

Occupied Palestinian 74 26 82 82 82

 Territory 

Oman 73 27 95 85 92

Pakistan 36 64 96 89 91

Palau 84 16 97 86 95

Panama 75 25 97 86 94

Papua New Guinea 12 88 89 33 40

Paraguay 62 38 99

Peru 77 23 91 66 85

Philippines 49 51 93 92 92

Poland 61 39 100

Portugal 61 39 100 100 100

Puerto Rico 99 1

Qatar 99 1 100 100 100

Republic of Korea 83 17 100 88 98

Republic of Moldova 48 52 99 93 96

Réunion 94 6 99 98 99

Romania 53 47 99

Russian Federation 74 26 99 92 97

Rwanda 19 81 80 66 69

Saint Kitts and Nevis 32 68 98 98 98

Saint Lucia 18 82 98 93 94

Saint Vincent and the 49 51 95 95 95

 Grenadines Samoa 20 80 97 98 98

San Marino 94 6

São Tomé and Príncipe 63 37 99 94 97

Saudi Arabia 82 18 97 97 97

Senegal 43 57 93 59 73

Serbia 56 44 99 99 99

Seychelles 54 46 96 96 96

Sierra Leone 39 61 84 40 57

Singapore 100 0 100  100

Slovakia 55 45 100 100 100

Slovenia 50 50 100 99 100

Solomon Islands 20 80 93 76 79
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  2011 Fraction of Population 

 2011 Population with Access to Improved Drinking Water

   Urban Improved Rural Improved National Improved 

 Urban Rural Total Improved Total Improved Total Improved

Country % %  (%)  (%)  (%)

Somalia 38 62 66 7 30

South Africa 62 38 99 79 91

South Sudan 18 82 63 55 57

Spain 77 23 100 100 100

Sri Lanka 15 85 99 92 93

Sudan 33 67 66 50 55

Suriname 70 30 97 81 92

Swaziland 21 79 93 67 72

Sweden 85 15 100 100 100

Switzerland 74 26 100 100 100

Syrian Arab Republic 56 44 93 87 90

Tajikistan 27 73 92 57 66

TFYR Macedonia 59 41 100 99 100

Thailand 34 66 97 95 96

Timor-Leste 28 72 93 60 69

Togo 38 62 90 40 59

Tokelau 0 100  97 97

Tonga 23 77 99 99 99

Trinidad and Tobago 14 86 98 93 94

Tunisia 66 34 100 89 96

Turkey 72 28 100 99 100

Turkmenistan 49 51 89 54 71

Turks and Caicos Islands 94 6

Tuvalu 51 49 98 97 98

Uganda 16 84 91 72 75

Ukraine 69 31 98 98 98

United Arab Emirates 84 16 100 100 100

United Kingdom 80 20 100 100 100

United Republic of Tanzania 27 73 79 44 53

United States of America 82 18 100 94 99

United States Virgin Islands 95 5 100 100 100

Uruguay 93 7 100 98 100

Uzbekistan 36 64 98 81 87

Vanuatu 25 75 98 88 91

Venezuela (Bolivarian 94 6

 Republic of) 

Vietnam 31 69 99 94 96

Western Sahara 82 18

Yemen 32 68 72 47 55

Zambia 39 61 86 50 64

Zimbabwe 39 61 97 69 80
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D A T A  T A B L E S  4 A  A N D  4 B

Access to Improved Sanitation  

by Country, 1970–2008 &  

2011 Update

Description
Adequate sanitation is also a fundamental requirement for basic human well-being, and 
improving access to sanitation is one of the Millennium Development Goals (MDGs). 
Data are given here in two related tables. 

Data table 4A includes the percentage of urban, rural, and total populations, by coun-
try, with access to improved sanitation for 1970, 1975, 1980, 1985, 1990, 1994, 2000, 2002, 
2004, 2005, and 2008—similar to data table 4 in the previous volume of The World’s Water. 
In the current volume, however, these previous data are sorted alphabetically by country 
rather than separated by regions.

Data table 4B provides an update of the percentage of national, urban, and rural 
populations with improved sanitation for 2011, the most recent year for which data are 
available. This table also includes the percentage of country populations in urban and 
rural categories for 2011.

The World Health Organization (WHO) / UNICEF Joint Monitoring Programme (JMP) 
for Water Supply and Sanitation collected the data presented here over various periods. 
Most of the data presented were drawn from responses by national governments to 
questionnaires. Participants in data collection include the JMP, the United Nations Chil-
dren’s Fund, and the Water Supply and Sanitation Collaborative Council, which has con-
tinued sector monitoring and aims to support and strengthen the monitoring efforts of 
individual countries. Countries used their own definitions of “rural” and “urban.”

For all WHO assessments since 2000, new definitions were provided for “improved” 
sanitation with allowance for acceptable local technologies. For MDG monitoring, an 
improved sanitation facility is defined as one that hygienically separates human excreta 
from human contact.

The following technologies were included in the 2000 assessment as representing im-
proved sanitation: 

Connection to a public sewer

Connection to a septic system

Pour-flush latrine
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Simple pit latrine

Ventilated improved pit latrine

In comparison, unimproved sanitation facilities refer to the following:

Public or shared latrine

Open pit latrine

Bucket latrine

Limitations
As is the case with drinking water data, definitions for access to sanitation vary from 
country to country and from year to year within the same country. Countries generally 
regard sanitation facilities that break the fecal-oral transmission route as adequate. In 
urban areas, adequate sanitation may be provided by connections to public sewers or by 
household systems such as pit privies, flush latrines, septic tanks, and communal toilets. 
In rural areas, pit privies, pour-flush latrines, septic tanks, and communal toilets are 
considered adequate. Direct comparisons between countries and across time within the 
same country are difficult and are additionally complicated by the fact that these data 
hide disparities between regions and socioeconomic classes.

WHO assessments since 2000 have attempted to shift from gathering information 
from water providers only to including consumer-based information. The current ap-
proach uses household surveys in an effort to assess the actual use of facilities. Access to 
sanitation services, as reported by the World Health Organization, does not imply that 
the level of service is “adequate” or “safe.” The assessment questionnaire did not include 
any methodology for discounting coverage figures to allow for intermittence or poor 
quality of the service provided. More details of the methods used, and their limitations, 
can be found at http://www.who.int/docstore/water_sanitation_health/Globassess 
ment/GlobalTOC.htm.

Sources
United Nations Environment Programme (UNEP). 1989. Environmental Data Report. GEMS 

Monitoring and Assessment Research Centre. Oxford, England: Basil Blackwell.
———. 1993–1994. Environmental Data Report. GEMS Monitoring and Assessment Research 

Centre in cooperation with the World Resources Institute and the UK Department of the 
Environment. Oxford, England: Basil Blackwell.

World Health Organization (WHO). 1996. Water Supply and Sanitation Sector Monitoring Report: 
1996 (Sector Status as of 1994). In collaboration with the Water Supply and Sanitation 
Collaborative Council and the United Nations Children’s Fund, UNICEF, New York.

———. 2000. Global Water Supply and Sanitation Assessment 2000 Report. http://www.who.int 
/docstore/water_sanitation_health/Globassessment/GlobalTOC.htm.

World Health Organization (WHO) and United Nations Children’s Fund (UNICEF). 2004. Meeting 
the MDG Drinking Water and Sanitation Target: A Mid-Term Assessment of Progress. http://
www.who.int/water_sanitation_health/monitoring/jmp2004/en/index.html. 

———. 2006. Meeting the MDG Drinking Water and Sanitation Target: The Urban and Rural 
Challenge of the Decade. http://www.who.int/water_sanitation_health/monitoring/jmp 
final.pdf.
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———. 2010. WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanitation. 
http://www.wssinfo.org/data-estimates/table.

———. 2013. WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanitation. 
http://www.wssinfo.org/data-estimates/table/ (2011 data were accessed May 29, 2013).

World Resources Institute (WRI). 1988. World Health Organization data, cited by the World 
Resources Institute, World Resources 1988–89. World Resources Institute and the International 
Institute for Environment and Development in collaboration with the United Nations 
Environment Programme. New York: Basic Books.
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DATA TA B L E 4B  Access to Improved Sanitation by Country, 2011 Update

  2011 Fraction of Population 

 2011 Population with Access to Improved Sanitation

   Urban Improved Rural Improved National Improved 

 Urban Rural Total Improved Total Improved Total Improved

Country % %  (%)  (%)  (%)

Afghanistan 24 76 46 23 28

Albania 53 47 95 93 94

Algeria 73 27 98 88 95

American Samoa 93 7 97 97 97

Andorra 87 13 100 100 100

Angola 59 41 86 19 59

Anguilla 100 0 98  98

Antigua and Barbuda 30 70 91 91 91

Argentina 93 7 96 98 96

Armenia 64 36 96 81 90

Aruba 47 53 98 98 98

Australia 89 11 100 100 100

Austria 68 32 100 100 100

Azerbaijan 54 46 86 78 82

Bahamas 84 16

Bahrain 89 11 99 99 99

Bangladesh 28 72 55 55 55

Barbados 44 56

Belarus 75 25 92 97 93

Belgium 97 3 100 100 100

Belize 45 55 93 87 90

Benin 45 55 25 5 14

Bermuda 100 0

Bhutan 36 64 74 29 45

Bolivia (Plurinational 67 33 57 24 46

 State of) 

Bosnia and Herzegovina 48 52 100 92 96

Botswana 62 38 78 42 64

Brazil 85 15 87 48 81

British Virgin Islands 41 59 98 98 97

Brunei Darussalam 76 24

Bulgaria 73 27 100 100 100

Burkina Faso 27 73 50 6 18

Burundi 11 89 45 51 50

Cambodia 20 80 76 22 33

Cameroon 52 48 58 36 48

Canada 81 19 100 99 100

Cape Verde 63 37 74 45 63

Cayman Islands 100 0 96  96

Central African Republic 39 61 43 28 34

Chad 22 78 31 6 12

Channel Islands 31 69

Chile 89 11 100 89 99

China 51 49 74 56 65

China, Hong Kong SAR 100 0

China, Macao SAR 100 0

Colombia 75 25 82 65 78

Comoros 28 72

continues



DATA TA B L E 4B  continued

  2011 Fraction of Population 

 2011 Population with Access to Improved Sanitation

   Urban Improved Rural Improved National Improved 

 Urban Rural Total Improved Total Improved Total Improved

Country % %  (%)  (%)  (%)

Congo 64 36 19 15 18

Cook Islands 74 26 95 95 95

Costa Rica 65 35 95 92 94

Côte d’Ivoire 51 49 36 11 24

Croatia 58 42 99 98 98

Cuba 75 25 94 87 92

Cyprus 70 30 100 100 100

Czech Republic 73 27 100 100 100

Democratic People’s 60 40 88 73 82

 Republic of Korea 

Democratic Republic 34 66 29 31 31

 of the Congo 

Denmark 87 13 100 100 100

Djibouti 77 23 73 22 61

Dominica 67 33

Dominican Republic 70 30 86 74 82

Ecuador 67 33 96 86 93

Egypt 43 57 97 93 95

El Salvador 65 35 79 53 70

Equatorial Guinea 39 61

Eritrea 21 79  4

Estonia 69 31 100 94 98

Ethiopia 17 83 27 19 21

Faeroe Islands 41 59

Falkland Islands (Malvinas) 74 26

Fiji 52 48 92 82 87

Finland 84 16 100 100 100

France 86 14 100 100 100

French Guiana 76 24 95 76 90

French Polynesia 51 49 97 97 97

Gabon 86 14 33 30 33

Gambia 57 43 70 65 68

Georgia 53 47 96 91 93

Germany 74 26 100 100 100

Ghana 52 48 19 8 13

Greece 61 39 99 97 99

Greenland 85 15 100 100 100

Grenada 39 61

Guadeloupe 98 2 97 90 97

Guam 93 7 97 97 97

Guatemala 50 50 88 72 80

Guinea 35 65 32 11 18

Guinea-Bissau 44 56 33 8 19

Guyana 28 72 88 82 84

Haiti 53 47 34 17 26

Honduras 52 48 86 74 81

Hungary 69 31 100 100 100

Iceland 94 6 100 100 100
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  2011 Fraction of Population 

 2011 Population with Access to Improved Sanitation

   Urban Improved Rural Improved National Improved 

 Urban Rural Total Improved Total Improved Total Improved

Country % %  (%)  (%)  (%)

India 31 69 60 24 35

Indonesia 51 49 73 44 59

Iran (Islamic Republic of) 69 31 100 99 100

Iraq 66 34 86 80 84

Ireland 62 38 100 98 99

Isle of Man 51 49

Israel 92 8 100 100 100

Italy 68 32

Jamaica 52 48 78 82 80

Japan 91 9 100 100 100

Jordan 83 17 98 98 98

Kazakhstan 54 46 97 98 97

Kenya 24 76 31 29 29

Kiribati 44 56 51 30 39

Kuwait 98 2 100 100 100

Kyrgyzstan 35 65 94 93 93

Lao People’s Democratic 34 66 87 48 62

 Republic 

Latvia 68 32

Lebanon 87 13 100

Lesotho 28 72 32 24 26

Liberia 48 52 30 7 18

Libyan Arab Jamahiriya 78 22 97 96 97

Liechtenstein 14 86

Lithuania 67 33 95

Luxembourg 85 15 100 100 100

Madagascar 33 67 19 11 14

Malawi 16 84 50 53 53

Malaysia 73 27 96 95 96

Maldives 41 59 97 98 98

Mali 35 65 35 14 22

Malta 95 5 100 100 100

Marshall Islands 72 28 84 55 76

Martinique 89 11 94 73 92

Mauritania 41 59 51 9 27

Mauritius 42 58 92 90 91

Mayotte 50 50

Mexico 78 22 87 77 85

Micronesia (Fed. States of) 23 77 83 47 55

Monaco 100 0 100  100

Mongolia 69 31 64 29 53

Montenegro 63 37 92 87 90

Montserrat 14 86

Morocco 57 43 83 52 70

Mozambique 31 69 41 9 19

Myanmar 33 67 84 74 77

Namibia 38 62 57 17 32

Nauru 100 0 66  66

Nepal 17 83 50 32 35

continues
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DATA TA B L E 4B  continued

  2011 Fraction of Population 

 2011 Population with Access to Improved Sanitation

   Urban Improved Rural Improved National Improved 

 Urban Rural Total Improved Total Improved Total Improved

Country % %  (%)  (%)  (%)

Netherlands 83 17 100 100 100

Netherlands Antilles 93 7

New Caledonia 62 38 100 100 100

New Zealand 86 14

Nicaragua 58 42 63 37 52

Niger 18 82 34 4 10

Nigeria 50 50 33 28 31

Niue 38 62 100 100 100

Northern Mariana Islands 91 9 98 98 98

Norway 79 21 100 100 100

Occupied Palestinian 74 26 95 93 94

 Territory 

Oman 73 27 97 95 97

Pakistan 36 64 72 34 47

Palau 84 16 100 100 100

Panama 75 25 77 54 71

Papua New Guinea 12 88 57 13 19

Paraguay 62 38

Peru 77 23 81 38 72

Philippines 49 51 79 69 74

Poland 61 39 96

Portugal 61 39 100 100 100

Puerto Rico 99 1 99 99 99

Qatar 99 1 100 100 100

Republic of Korea 83 17 100 100 100

Republic of Moldova 48 52 89 83 86

Réunion 94 6 98 95 98

Romania 53 47

Russian Federation 74 26 74 59 70

Rwanda 19 81 61 61 61

Saint Kitts and Nevis 32 68

Saint Lucia 18 82 70 64 65

Saint Vincent and the 49 51

 Grenadines 

Samoa 20 80 93 91 92

San Marino 94 6

São Tomé and Príncipe 63 37 41 23 34

Saudi Arabia 82 18 100 100 100

Senegal 43 57 68 39 51

Serbia 56 44 98 96 97

Seychelles 54 46 97 97 97

Sierra Leone 39 61 22 7 13

Singapore 100 0 100  100

Slovakia 55 45 100 100 100

Slovenia 50 50 100 100 100

Solomon Islands 20 80 81 15 29

Somalia 38 62 52 6 24
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  2011 Fraction of Population 

 2011 Population with Access to Improved Sanitation

   Urban Improved Rural Improved National Improved 

 Urban Rural Total Improved Total Improved Total Improved

Country % %  (%)  (%)  (%)

South Africa 62 38 84 57 74

South Sudan 18 82 16 7 9

Spain 77 23 100 100 100

Sri Lanka 15 85 83 93 91

Sudan 33 67 44 13 24

Suriname 70 30 90 66 83

Swaziland 21 79 63 55 57

Sweden 85 15 100 100 100

Switzerland 74 26 100 100 100

Syrian Arab Republic 56 44 96 94 95

Tajikistan 27 73 95 94 95

TFYR Macedonia 59 41 97 83 91

Thailand 34 66 89 96 93

Timor-Leste 28 72 68 27 39

Togo 38 62 26 3 11

Tokelau 0 100  93 93

Tonga 23 77 99 89 92

Trinidad and Tobago 14 86 92 92 92

Tunisia 66 34 97 75 90

Turkey 72 28 97 75 91

Turkmenistan 49 51 100 98 99

Turks and Caicos Islands 94 6

Tuvalu 51 49 86 80 83

Uganda 16 84 34 35 35

Ukraine 69 31 96 89 94

United Arab Emirates 84 16 98 95 98

United Kingdom 80 20 100 100 100

United Republic of Tanzania 27 73 24 7 12

United States of America 82 18 100 99 100

United States Virgin Islands 95 5 96 96 96

Uruguay 93 7 99 98 99

Uzbekistan 36 64 100 100 100

Vanuatu 25 75 65 55 58

Venezuela (Bolivarian 94 6

 Republic of) 

Vietnam 31 69 93 67 75

Western Sahara 82 18

Yemen 32 68 93 34 53

Zambia 39 61 56 33 42

Zimbabwe 39 61 52 33 40
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Description
The Millennium Development Goals (MDGs)—adopted by the United Nations in 2000—
established a set of targets for improving the lives of the world’s poor, ranging from eradi-
cating extreme hunger to reducing child mortality and ensuring environmental 
sustainability. These targets, agreed to by all countries and leading development institu-
tions throughout the world, consist of eight goals and twenty-one targets. This table 
presents regional summaries of progress for the years 1990, 2004, 2008, and 2011 (from 
the 2013 update) as well as the 2015 target levels, measured as the proportion of the 
population using an improved water source (see data tables 3 and 4 for definitions).

In 2010, the human right to safe water and sanitation was formally recognized by the 
UN General Assembly and the UN Human Rights Council, but this basic right is not be-
ing met universally. In many parts of the world, particularly sub-Saharan Africa and 
Oceania, a lack of clean water adversely affects human health and development. Using 
1990 as a baseline, one target of goal 7 of the MDGs seeks to reduce by half the propor-
tion of people without sustainable access to safe drinking water by 2015.

At the global level, we are on track to meet the target for improving access to safe 
drinking water; however, not all regions are performing as well as others.

Europe, Latin America, the Caribbean, and much of Asia have met or are on track to 
meet the established targets. But in Oceania, there has been no progress or conditions 
have worsened; it is possible that the targets for Northern and Sub-Saharan Africa and 
South-Eastern Asia can still be met, but time is running out. The global community must 
continue to intensify efforts in these regions if we hope to achieve the established 2015 
targets.

Limitations
These data give a good picture of the current lack of access to improved water and sanita-
tion services, but comparison with different assessments should be done with extreme 
care, or not at all, because of changing definitions. For the 2011 update (released in 
2013), some regional changes in country assignments slightly change the data from pre-
vious years. In particular, the region formerly noted as the Commonwealth of Indepen-
dent States is now Caucasus and Central Asia.
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Country-reported data may reflect national definitions of “improved,” unlike survey 
data, which were standardized as much as possible. For example, in many African coun-
tries the population “without access” to improved sanitation means people with no ac-
cess to any sanitary facility. In Latin America and the Caribbean, however, it is more 
likely that those “without access” in fact have a sanitary facility, but the facility is deemed 
unsatisfactory by local or national authorities. Low coverage figures for Latin America 
and the Caribbean may in part be a reflection of the comparatively narrow definitions 
used within that region.

Changes in the source of data also complicate comparisons over time. Prior to 2000, 
for example, data collected by the World Health Organization was provider based and 
was collected from service providers, such as utilities, ministries, and water agencies. 
The data shown here, however, are sometimes user based and were collected from 
household surveys and censuses. User-based data are more likely to include improve-
ments installed by households or local communities and give a more complete picture 
of water supply and sanitation coverage. 

Sources
United Nations. 2007a. The Millennium Development Goals Report. http://mdgs.un.org/unsd 

/mdg/Resources/Static/Data/2007%20Stat%20Annex%20current%20indicators.pdf.
———. 2007b. Millennium Development Goals: 2007 Progress Chart. http://mdgs.un.org/unsd 

/mdg/Resources/Static/Products/Progress2007/MDG_Report_2007_Progress_Chart_en.pdf.
———. 2010a. The Millennium Development Goals Report. http://www.un.org/millennium 

goals/pdf/MDG%20Report%202010%20En%20r15%20-low%20res%2020100615%20-.pdf.
———. 2010b. Millennium Development Goals: 2010 Progress Chart. http://unstats.un.org 

/unsd/mdg/Resources/Static/Products/Progress2010/MDG_Report_2010_Progress_Chart 
_En.pdf.

World Health Organization (WHO) and United Nations Children’s Fund (UNICEF). 2013. Progress 
on Sanitation and Drinking-Water—2013 Update. Geneva, Switzerland.
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Description
The Millennium Development Goals (MDGs)—adopted by the United Nations in 2000—
established a set of targets for improving the lives of the world’s poor, ranging from eradi-
cating extreme hunger to reducing child mortality and ensuring environmental 
sustainability. These targets, agreed to by all countries and leading development institu-
tions throughout the world, consist of eight goals and twenty-one targets. This table 
presents regional summaries of progress for the years 1990, 2004, 2008, and 2011 (from 
the 2013 update) as well as the 2015 target levels, measured as the proportion of the 
population using an improved sanitation system (see data tables 3 and 4 for defini- 
tions).

Adequate sanitation is also now a recognized human right, but, as with access to safe 
drinking water, this basic right is not universal. In many parts of the world, particularly 
for the poor in rural and peri-urban areas, a lack of basic sanitation adversely affects hu-
man health and development. Using 1990 as a baseline, one target of goal 7 of the MDGs 
seeks to reduce by half the proportion of people without sustainable access to sanitation 
by 2015.

Meeting the sanitation targets has proven to be more challenging than meeting the 
water target. While an estimated 2.6 billion people lacked access to basic sanitation in 
1990, experts predict that well over 2 billion will still lack access to this basic right by 2015 
(Ki Moon 2008). Some areas are performing better than others, highlighting a growing 
regional disparity in access to sanitation. A majority of regions, however, are not on track 
to meet established targets, and in Oceania and many former Soviet Union countries, 
there has been no progress or conditions have worsened. 

Limitations
These data give a good picture of the current lack of access to improved water and sanita-
tion services, but comparison with different assessments should be done with extreme 
care, or not at all, because of changing definitions. For the 2011 update (released in 
2013), some regional changes in country assignments slightly change the data from pre-
vious years. In particular, the region formerly noted as the Commonwealth of Indepen-
dent States is now Caucasus and Central Asia.
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Country-reported data may reflect national definitions of “improved,” unlike survey 
data, which were standardized as much as possible. For example, in many African coun-
tries the population “without access” to improved sanitation means people with no ac-
cess to any sanitary facility. In Latin America and the Caribbean, however, it is more 
likely that those “without access” in fact have a sanitary facility, but the facility is deemed 
unsatisfactory by local or national authorities. Low coverage figures for Latin America 
and the Caribbean may in part be a reflection of the comparatively narrow definitions 
used within that region. For these data, we have not included in the totals the proportion 
of the population using “shared” facilities—just “improved” ones. Those data can be 
found in the original source (WHO and UNICEF 2013).

Changes in the source of data also complicate comparisons over time. Prior to 2000, 
for example, data collected by the World Health Organization came from service provid-
ers, such as utilities, ministries, and water agencies. The data shown here, however, are 
sometimes user based and were collected from household surveys and censuses. User-
based data are more likely to include improvements installed by households or local 
communities and give a more complete picture of water supply and sanitation 
coverage. 

Sources
Ki-Moon, B. 2008. United Nations Secretary-General, in message for World Water Day, March 5. 

New York: United Nations.
United Nations. 2007a. The Millennium Development Goals Report. http://mdgs.un.org/unsd 

/mdg/Resources/Static/Data/2007%20Stat%20Annex%20current%20indicators.pdf.
———. 2007b. Millennium Development Goals: 2007 Progress Chart. http://mdgs.un.org/unsd 

/mdg/Resources/Static/Products/Progress2007/MDG_Report_2007_Progress_Chart_en.pdf.
———. 2010a. The Millennium Development Goals Report. http://www.un.org/millennium 

goals/pdf/MDG%20Report%202010%20En%20r15%20-low%20res%2020100615%20-.pdf.
———. 2010b. Millennium Development Goals: 2010 Progress Chart. http://unstats.un.org 

/unsd/mdg/Resources/Static/Products/Progress2010/MDG_Report_2010_Progress_Chart 
_En.pdf.

World Health Organization (WHO) and United Nations Children’s Fund (UNICEF). 2013. Progress 
on Sanitation and Drinking-Water—2013 Update. Geneva, Switzerland.
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D A T A  T A B L E  7

Monthly Natural Runoff for  

the World’s Major River Basins,  

by Flow Volume

Description
These data come from work done by Arjen Hoekstra and Mesfin Mekonnen (2011) to 
evaluate the regional, national, and global water footprint of human activity. As part of 
that effort, “natural runoff” was estimated for around 400 river basins, covering some 
two-thirds of the global land area (excluding Antarctica) and about 65 percent of the 
global population in 2000. Units for runoff are million cubic meters per month. Data are 
also provided for the area of the river basin or watershed, in square kilometers.

The natural (undepleted) runoff was estimated by adding the actual runoff data from 
the Composite Runoff V1.0 database (of Fekete et al. 2002) to the estimated total blue 
water footprint within the river basin. Because runoff varies naturally over time, these 
are average estimates. River basin names come from the Global Runoff Data Centre da-
tabase (GRDC 2007). Note the substantial extremes: just two rivers, the Amazon and 
Congo Rivers, account for 28 percent of the natural runoff in the river basins listed here.

Limitations
These data are a combination of measured and estimated or modeled flows. Accurate 
long-term measurements of river flow are not available for a variety of reasons, including 
the lack of monitoring stations, the complication of estimating undepleted flows in ba-
sins where human withdrawals greatly reduce natural flows, and natural variability of 
high and low runoff over time. These estimates should be considered only approximate 
averages, but they provide estimates using a consistent method described in the original 
sources.

The land areas not covered include Greenland; the Sahara Desert in North Africa; the 
Arabian Peninsula; the Iranian, Afghan, and Gobi Deserts in Asia; the Mojave Desert in 
North America; and the Australian desert. Also excluded are many smaller pieces of land, 
often along the coasts, that do not fall within major river basins. 
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Sources
Fekete, B. M., C. J. Vörösmarty, and W. Grabs. 2002. High-resolution fields of global runoff com-

bining observed river discharge and simulated water balances. Global Biogeochemical Cycles 
16 (3). doi:10.1029/1999GB001254. Data available at http://grdc.sr.unh.edu/. 

Global Runoff Data Centre (GRDC). 2007. Major River Basins of the World. Koblenz, Germany: 
Federal Institute of Hydrology, Global Runoff Data Centre. Data available at http://grdc.bafg 
.de/. 

Hoekstra, A. Y., and M. M. Mekonnen. 2011. Global Water Scarcity: Monthly Blue Water Footprint 
Compared to Blue Water Availability for the World’s Major River Basins. Value of Water 
Research Report Series No. 53. Delft, Netherlands: UNESCO-IHE Institute for Water Education. 
http://www.waterfootprint.org/Reports/Report53-GlobalBlueWaterScarcity.pdf. 
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D A T A  T A B L E  8

Monthly Natural Runoff for  

the World’s Major River Basins,  

by Basin Name

Description
These data are the same as those in data table 7 but sorted by river basin name. The data 
come from work done by Arjen Hoekstra and Mesfin Mekonnen (2011) to evaluate the 
regional, national, and global water footprint of human activity. As part of that effort, 
“natural runoff” was estimated for around 400 river basins, covering some two-thirds of 
the global land area (excluding Antarctica) and about 65 percent of the global population 
in 2000. Units for runoff are million cubic meters per month. Data are also provided for 
the area of the river basin or watershed, in square kilometers.

The natural (undepleted) runoff was estimated by adding the actual runoff data from 
the Composite Runoff V1.0 database (of Fekete et al. 2002) to the estimated total blue 
water footprint within the river basin. Because runoff varies naturally over time, these 
are average estimates. River basin names come from the Global Runoff Data Centre da-
tabase (GRDC 2007). Note the substantial extremes: just two rivers, the Amazon and 
Congo Rivers, account for 28 percent of the natural runoff in the river basins listed here.

Limitations
These data are a combination of measured and estimated or modeled flows. Accurate 
long-term measurements of river flow are not available for a variety of reasons, including 
the lack of monitoring stations, the complication of estimating undepleted flows in ba-
sins where human withdrawals greatly reduce natural flows, and natural variability of 
high and low runoff over time. These estimates should be considered only approximate 
averages, but they provide estimates using a consistent method described in the original 
sources.

The land areas not covered include Greenland; the Sahara Desert in North Africa; the 
Arabian Peninsula; the Iranian, Afghan, and Gobi Deserts in Asia; the Mojave Desert in 
North America; and the Australian desert. Also excluded are many smaller pieces of land, 
often along the coasts, that do not fall within major river basins. 
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Sources
Fekete, B. M., C. J. Vörösmarty, and W. Grabs. 2002. High-resolution fields of global runoff com-

bining observed river discharge and simulated water balances. Global Biogeochemical Cycles 
16 (3). doi:10.1029/1999GB001254. Data available at http://grdc.sr.unh.edu/. 

Global Runoff Data Centre (GRDC). 2007. Major River Basins of the World. Koblenz, Germany: 
Federal Institute of Hydrology, Global Runoff Data Centre. Data available at http://grdc.bafg 
.de/.

Hoekstra, A. Y., and M. M. Mekonnen. 2011. Global Water Scarcity: Monthly Blue Water Footprint 
Compared to Blue Water Availability for the World’s Major River Basins. Value of Water 
Research Report Series No. 53. Delft, Netherlands: UNESCO-IHE Institute for Water Education. 
http://www.waterfootprint.org/Reports/Report53-GlobalBlueWaterScarcity.pdf. 
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D A T A  T A B L E  9

Area Equipped for Irrigation 

Actually Irrigated

Description
The area equipped for agricultural irrigation that is actually irrigated is listed here by 
major country, in thousands of hectares (1,000 ha), for different five-year periods. The 
periods are 1988–1992, 1993–1997, 1998–2002, 2003–2007, and 2008–2012. Within each of 
these periods, data are typically available for only a single year, listed in the column la-
beled “Actual Year of Data.” Thus, for Afghanistan (the first entry), three data points are 
available, for the years 1990, 2002, and 2011, as noted.

The area actually irrigated is typically less than the area capable of being irrigated (or 
equipped for irrigation), since actual water availability, climatic conditions, economic 
factors, and decisions about cropping and fallowing patterns vary annually.

Countries not included on this list either have no irrigation or no reported data—their 
absence from the list is not an indication of which condition applies.

Limitations
Data are collected by the Food and Agriculture Organization of the United Nations (FAO), 
usually through country reports and information about crop production. Different 
methods of collecting these data are used in different regions. All of the data are made 
available through the FAO’s AQUASTAT database, as noted below. For some countries, 
data are available for only a single year.

Sources
UN FAO. 2013. AQUASTAT database. Rome, Italy: Food and Agriculture Organization of the United 

Nations. http://www.fao.org (accessed February 6, 2013).
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D A T A  T A B L E  1 0

Overseas Development Assistance 

for Water Supply and Sanitation,  

by Donating Country, 2004–2011

Description
The annual overseas development assistance, or official development assistance (ODA), 
for water supply and sanitation is listed here, by donating country (and European Union 
institutions), for the years 2004 through 2011. Shown are the total amounts committed, 
in current US dollars in millions.

“ODA” is the term given to funding that flows from governments or multilateral insti-
tutions for the purpose of providing aid to countries. This funding is usually provided for 
the purpose of promoting economic development and welfare and is “concessional in 
character and conveys a grant element of at least 25 percent.” ODA can take a number of 
forms, including technical assistance, investment projects, debt forgiveness or resched-
uling, equity investments, and other assistance. The Organisation for Economic Co- 
operation and Development’s (OECD’s) Development Assistance Committee (DAC) 
identifies eleven subsectors in the “water supply and sanitation” category:

Water resources policy and administrative management

Water resources protection

Water supply and sanitation—large systems

Water supply—large systems

Sanitation—large systems

Basic drinking water supply and basic sanitation

Basic drinking water supply

Basic sanitation

River development

Waste management and disposal

Education and training in water supply and sanitation

Data table 11 provides a breakdown of ODA for water supply and sanitation by these 
subsectors.
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Limitations
ODA does not constitute all the funding that flows to developing countries, such as other 
public sector or private sector flows; hence, these numbers do not reflect all funding for 
water projects. In addition, not all ODA described as related to “water supply and sanita-
tion” may flow to purely water projects.

Source
Organisation for Economic Co-operation and Development (OECD). 2013. Query Wizard for 

International Development Statistics. http://stats.oecd.org/qwids/.
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DATA TA B L E 10  Overseas Development Assistance for Water Supply and Sanitation, 
by Donating Country, 2004–2011

 Current (Millions US$)

Country/Agency 2004 2005 2006 2007 2008 2009 2010 2011

Australia  30.19   34.50   6.43   15.01   13.90   44.68   171.38   230.33

Austria  20.08   16.77   20.40   24.15   36.58   23.16   17.99   26.57

Belgium  24.70   37.79   55.16   47.98   102.96   61.33   48.93   69.84

Canada  79.76   41.09   18.54   24.33   46.96   73.85   19.47   44.99

Denmark  245.43   98.90   144.62   31.66   19.01   164.95   140.81   88.07

Finland  6.05   43.34   44.17   30.59   51.18   54.32   99.35   122.20

France  175.50   114.85   237.42   391.23   359.65   802.77   495.60   323.02

Germany  435.75   382.26   497.14   593.96   906.44   820.47   750.81   1,040.71

Greece  1.39   0.52   1.03   2.78   0.76   2.99   0.12  —

Iceland —  —  —  —  —  —  —   0.39

Ireland  19.15   16.83   16.91   22.80   28.15   17.47   9.97   10.70

Italy  5.89   69.00   54.50   59.69   163.41   55.94   63.29   13.92

Japan  709.47   2,128.66   1,250.89   1,930.07   1,668.24   2,786.04   1,933.26   1,711.10

Korea  78.31   101.56   80.76   74.52   269.70   70.71   283.15   172.13

Luxembourg  14.38   12.43   10.27   12.95   19.02   22.29   20.30   21.54

Netherlands  146.50   191.69   455.15   359.27   373.08   196.51   69.28   129.53

New Zealand  1.76   2.16   2.77   3.58   3.21   2.58   1.53   5.83

Norway  32.26   42.53   28.02   46.60   44.65   40.66   50.86   17.76

Portugal  2.17   2.48   0.63   1.57   0.32   0.42   0.99   0.63

Spain  78.47   58.02   69.03   121.45   577.07   577.77   308.44   155.11

Sweden  43.77   68.73   64.32   46.72   76.90   75.37   45.31   66.30

Switzerland  31.57   35.77   31.74   34.31   49.28   43.06   49.26   331.51

United Kingdom  29.46   44.26   51.16   104.88   160.66   114.32   156.94   170.45

United States  954.69   1,023.27   817.79   432.14   846.78   461.91   431.34   465.40

EU Institutions  413.17   687.16   726.55   490.50   170.28   528.11   678.11   603.69

Kuwait (KFAED) —  —  —  —  —  —   43.27   40.22

Multilateral, Total  1,476.04   1,346.75   1,807.02   1,955.88   1,676.51   1,682.27   2,326.53   3,141.53

All Donors Total  5,055.91   6,601.32   6,492.42   6,858.62   7,664.70   8,723.95   8,216.29   9,003.47
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D A T A  T A B L E  1 1

Overseas Development Assistance 

for Water Supply and Sanitation,  

by Subsector, 2007–2011 (Total of 

All Donating Countries)

Description
The allocation of total overseas development assistance (ODA) commitments for water 
supply and sanitation by all donating countries is provided in this table, from 2007 to 
2011, in millions of dollars. The Organisation for Economic Co-operation and Develop-
ment’s (OECD’s) Development Assistance Committee (DAC) recently expanded the cat-
egories from previous years, and it now identifies the following eleven subsectors in the 
“water supply and sanitation” category:

Water resources policy and administrative management

Water resources protection

Water supply and sanitation—large systems

Water supply—large systems

Sanitation—large systems

Basic drinking water supply and basic sanitation

Basic drinking water supply

Basic sanitation

River development

Waste management and disposal

Education and training in water supply and sanitation

By far the largest expenditure is for large-scale water supply and sanitation projects; 
basic water supply and sanitation projects generally receive less than half as much fund-
ing as large-scale projects. One concern of many analysts is that much ODA is directed 
to serving wealthier populations, or to improving services to populations that are already 
at least partly served by existing systems, and hence does not contribute to meeting the 
water- and sanitation-related Millennium Development Goals.
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Limitations
ODA does not constitute all of the funding that flows to developing countries, such as 
other public sector or private sector flows; hence, these numbers do not reflect all fund-
ing for water projects. These data do not readily compare with those published in the 
previous volume of The World’s Water as a result of changes in categorizations by the 
OECD. The development statistics provided by the OECD do not clearly differentiate 
where there might be double-counting of assistance in multiple categories.

Source
Organisation for Economic Co-operation and Development (OECD). 2013. Query Wizard for 

International Development Statistics. http://stats.oecd.org/qwids/.
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DATA TA B L E 11  Overseas Development Assistance for Water Supply and Sanitation, 
by Subsector, 2007 to 2011 (Total of All Donating Countries)

 Amount Committed in Millions of Dollars

Water Sector(s) 2007 2008 2009 2010 2011

Water resources policy and     762.04       927.19       795.70        980.29        842.79

 administrative management

Water resources protection      128.65       247.58       172.47        69.95        193.92

Water supply and sanitation—  3,980.24   4,555.75   4,163.96   2,146.08   1,417.39

 large systems

Water supply—large systems —  —  —   1,333.36   1,504.10

Sanitation—large systems —  —  —        639.25   1,506.55

Basic drinking water supply      978.62   1,170.90   3,027.27        962.34   1,067.98

 and basic sanitation 

Basic drinking water supply —  —  —        664.46        402.73

Basic sanitation —  —  —        409.87        160.46

River development      282.18       411.89       219.74        234.88        377.62

Waste management and disposal      414.94       155.04       255.07        270.26        373.46

Education and training in        16.17         67.02         16.70         69.35         76.82

 water supply and sanitation 

Water Supply and Sanitation  6,562.82   7,535.37   8,650.92   7,780.09   7,923.82

 Total
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D A T A  T A B L E  1 2

Per Capita Water Footprint of 

National Consumption, by Country, 

1996–2005

Description
Conventional estimates of national water use have historically been restricted to statis-
tics on water withdrawals within national boundaries. In recent years, a new approach 
has been developed and applied to calculate water “footprints,” which include water use 
(typically withdrawals and consumption, estimated separately), the use of “green water” 
and “grey water,” and information about water used in other countries to produce im-
ported products. Quantifying these national water footprints is an evolving field. 

The data here include the per capita water footprint for internal and external water 
consumption by country, measured in cubic meters per person per year (m3/cap/yr), 
averaged over the decade 1996–2005. Data on population assumptions are also shown. A 
distinction is made between “green” and “blue” water. In addition, the authors include 
the grey water footprint in the estimation of the water footprint in each sector, an esti-
mate of the footprint of farm animal products, and details on the water footprints of 
national imports and exports.

Freshwater footprints are reported in terms of water volumes consumed (evaporated 
or incorporated into a product) or polluted per unit of time. A water footprint has three 
components: green, blue, and grey. The “blue water” footprint refers to use of surface 
water and groundwater. The “green water” footprint is the volume of rainwater con-
sumed, which is particularly relevant in agricultural production. The “grey water” foot-
print is a measure of freshwater pollution and is defined as the volume of freshwater 
required to assimilate a load of pollutants.

Limitations
While the concept of the water footprint is an extremely valuable one, the process for 
computing footprints continues to evolve, and data sets continue to improve. For ex-
ample, water withdrawal numbers are often not accurately or consistently reported (see, 
e.g., the description of data table 2). Estimates of agricultural water use depend on a mix 
of implicit and explicit assumptions about actual irrigation levels, climatic data for cer-
tain crop types, and irrigation technologies. Some consumer categories are not included 
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or accurately estimated. Estimates of the water footprint of imported goods are pro-
duced using global averages because of constraints on information of the location of 
exported goods. The grey water footprint estimates are based on a limited set of pollut-
ants—leaching and runoff of nitrogen fertilizers—and exclude the potential effects of 
other agricultural chemicals, including pesticides.

See the original source for far more detail on the fundamental assumptions and limi-
tations of the footprint approach.

Source
Mekonnen, M. M., and A. Y. Hoekstra. 2011. National Water Footprint Accounts: The Green, Blue 

and Grey Water Footprint of Production and Consumption. Value of Water Research Report 
Series No. 50. Delft, Netherlands: UNESCO-IHE Institute for Water Education. http://www 
.waterfootprint.org/Reports/Report50-NationalWaterFootprints-Vol1.pdf.
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D A T A  T A B L E  1 3

Per Capita Water Footprint of 

National Consumption, by Sector 

and Country, 1996–2005

Description
Like data table 12, this table includes estimates of water footprints by country, but here 
they are split into sectoral data on agricultural, industrial, and domestic uses, for “blue,” 
“green,” and “grey” water, in cubic meters per person per year (m3/cap/yr). 

Conventional estimates of national water use have historically been restricted to sta-
tistics on water withdrawals within national boundaries. In recent years, a new approach 
has been developed and applied to calculate water “footprints,” which include water use 
(typically withdrawals and consumption, estimated separately), the use of “green water” 
and “grey water,” and information about water used in other countries to produce im-
ported products. Quantifying these national water footprints is an evolving field. 

The data here include the water footprints for crop production, industrial production, 
and domestic water supply, with a distinction made between green and blue water. In 
addition, the authors include the grey water footprint in the estimation of the water foot-
print in each sector, an estimate of the footprint of farm animal products, and details on 
the water footprints of national imports and exports. The data are reported as per capita 
water consumption, measured in cubic meters per person per year and averaged over 
the decade 1996–2005. Data on population assumptions are also shown.

Freshwater footprints are reported in terms of water volumes consumed (evaporated 
or incorporated into a product) or polluted per unit of time. A water footprint has three 
components: green, blue, and grey. The “blue water” footprint refers to use of surface 
water and groundwater. The “green water” footprint is the volume of rainwater con-
sumed, which is particularly relevant in agricultural production. The “grey water” foot-
print is a measure of freshwater pollution and is defined as the volume of freshwater 
required to assimilate a load of pollutants.

Limitations
While the concept of the water footprint is an extremely valuable one, the process for 
computing footprints continues to evolve, and data sets continue to improve. For ex-
ample, water withdrawal numbers are often not accurately or consistently reported (see, 



Data Section 333

e.g., the description of data table 2). Estimates of agricultural water use depend on a mix 
of implicit and explicit assumptions about actual irrigation levels, climatic data for cer-
tain crop types, and irrigation technologies. Some consumer categories are not included 
or accurately estimated. Estimates of the water footprint of imported goods are pro-
duced using global averages because of constraints on information of the location of 
exported goods. The grey water footprint estimates are based on a limited set of pollut-
ants—leaching and runoff of nitrogen fertilizers—and exclude the potential effects of 
other agricultural chemicals, including pesticides.

See the original source for far more detail on the fundamental assumptions and limi-
tations of the footprint approach.

Source
Mekonnen, M. M., and A. Y. Hoekstra. 2011. National Water Footprint Accounts: The Green, Blue 

and Grey Water Footprint of Production and Consumption. Value of Water Research Report 
Series No. 50. Delft, Netherlands: UNESCO-IHE Institute for Water Education. http://www 
.waterfootprint.org/Reports/Report50-NationalWaterFootprints-Vol1.pdf.
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Total Water Footprint of National 

Consumption, by Country,  

1996–2005

Description
The data in this table are similar to those in data table 12 on both internal production 
and external imports, but on a total (rather than a per capita) basis. Conventional esti-
mates of national water use have historically been restricted to statistics on water with-
drawals within national boundaries. In recent years, a new approach has been developed 
and applied to calculate water “footprints,” which include water use (typically withdraw-
als and consumption, estimated separately), the use of “green water” and “grey water,” 
and information about water used in other countries to produce imported products. 
Quantifying these national water footprints is an evolving field. 

The data here include the total water footprint for internal and external water con-
sumption by country, measured in millions of cubic meters per year (Mm3/yr) and aver-
aged over the decade 1996–2005. Data on population assumptions are also provided. A 
distinction is made between green water and blue water. In addition, the authors include 
the grey water footprint in the estimation of the water footprint in each sector, an esti-
mate of the footprint of farm animal products, and details on the water footprints of 
national imports and exports. The final column presents the external water footprint as 
a fraction of the total national water footprint. 

Freshwater footprints are reported in terms of water volumes consumed (evaporated 
or incorporated into a product) or polluted per unit of time. A water footprint has three 
components: green, blue, and grey. The “blue water” footprint refers to use of surface 
water and groundwater. The “green water” footprint is the volume of rainwater con-
sumed, which is particularly relevant in agricultural production. The “grey water” foot-
print is a measure of freshwater pollution and is defined as the volume of freshwater 
required to assimilate a load of pollutants.

Limitations
While the concept of the water footprint is an extremely valuable one, the process for 
computing footprints continues to evolve, and data sets continue to improve. For ex-
ample, water withdrawal numbers are often not accurately or consistently reported (see, 
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e.g., the description of data table 2). Estimates of agricultural water use depend on a mix 
of implicit and explicit assumptions about actual irrigation levels, climatic data for cer-
tain crop types, and irrigation technologies. Some consumer categories are not included 
or accurately estimated. Estimates of the water footprint of imported goods are pro-
duced using global averages because of constraints on information of the location of 
exported goods. The grey water footprint estimates are based on a limited set of pollut-
ants—leaching and runoff of nitrogen fertilizers—and exclude the potential effects of 
other agricultural chemicals, including pesticides.

See the original source for more detail on the fundamental assumptions and limita-
tions of the footprint approach.

Source
Mekonnen, M. M., and A. Y. Hoekstra. 2011. National Water Footprint Accounts: The Green, Blue 

and Grey Water Footprint of Production and Consumption. Value of Water Research Report 
Series No. 50. Delft, Netherlands: UNESCO-IHE Institute for Water Education. http://www 
.waterfootprint.org/Reports/Report50-NationalWaterFootprints-Vol1.pdf.
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D A T A  T A B L E  1 5

Total Water Footprint of National 

Consumption, by Sector and 

Country, 1996–2005

Description
The data in this table are similar to those for data table 14 on both internal production 
and external imports by economic sector. Conventional estimates of national water use 
have historically been restricted to statistics on water withdrawals within national 
boundaries. In recent years, a new approach has been developed and applied to calcu-
late water “footprints,” which include water use (typically withdrawals and consump-
tion, estimated separately), the use of “green water” and “grey water,” and information 
on water used in other countries to produce imported products. Quantifying these na-
tional water footprints is an evolving field. 

The data here include the total water footprint for internal and external water con-
sumption by country and sector (agricultural, industrial, domestic), measured in mil-
lions of cubic meters per year (Mm3/yr) and averaged over the decade 1996–2005. Data 
on population assumptions are also provided. A distinction is made between green wa-
ter and blue water. In addition, the authors include the grey water footprint in the esti-
mation of the water footprint in each sector, an estimate of the footprint of farm animal 
products, and details on the water footprints of national imports and exports. 

Freshwater footprints are reported in terms of water volumes consumed (evaporated 
or incorporated into a product) or polluted per unit of time. A water footprint has three 
components: green, blue, and grey. The “blue water” footprint refers to use of surface 
water and groundwater. The “green water” footprint is the volume of rainwater con-
sumed, which is particularly relevant in agricultural production. The “grey water” foot-
print is a measure of freshwater pollution and is defined as the volume of freshwater 
required to assimilate a load of pollutants.

Limitations
While the concept of the water footprint is an extremely valuable one, the process for 
computing footprints continues to evolve, and data sets continue to improve. For ex-
ample, water withdrawal numbers are often not accurately or consistently reported (see, 
e.g., the description of data table 2). Estimates of agricultural water use depend on a mix 
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of implicit and explicit assumptions about actual irrigation levels, climatic data for cer-
tain crop types, and irrigation technologies. Some consumer categories are not included 
or accurately estimated. Estimates of the water footprint of imported goods are pro-
duced using global averages because of constraints on information of the location of 
exported goods. The grey water footprint estimates are based on a limited set of pollut-
ants—leaching and runoff of nitrogen fertilizers—and exclude the potential effects of 
other agricultural chemicals, including pesticides.

See the original source for far more detail on the fundamental assumptions and limi-
tations of the footprint approach.

Source
Mekonnen, M. M., and A. Y. Hoekstra. 2011. National Water Footprint Accounts: The Green, Blue 

and Grey Water Footprint of Production and Consumption. Value of Water Research Report 
Series No. 50. Delft, Netherlands: UNESCO-IHE Institute for Water Education. http://www 
.waterfootprint.org/Reports/Report50-NationalWaterFootprints-Vol1.pdf.
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D A T A  T A B L E S  1 6 A  A N D  1 6 B

Global Cholera Cases Reported  

to the World Health Organization, 

by Country, 1949–2011

Description
Annual cases of cholera are shown here for all reporting countries. Cholera is one of 
many waterborne diseases that are a consequence of the lack of sanitation services and 
access to clean drinking water. Some data on cholera cases and deaths are available as 
early as 1922 from reports to the League of Nations, but consistent reports are available 
from the World Health Organization only since 1949. The data here are given annually 
from 1949 to 2011.

In 2011, a total of fifty-eight countries from all continents reported approximately 
590,000 cases of cholera to the World Health Organization, of which 32 percent were in 
Africa and 61.2 percent were in the Americas (defined as North, Central, and South 
America and the Caribbean). These data reflect a massive upsurge in the Americas from 
previous years. A particularly severe outbreak started in Haiti at the end of October 2010 
and also affected the Dominican Republic.

These data also show the rapid and severe spread of cholera in Latin America during 
the seventh pandemic, starting with the appearance of cholera in Peru in 1991 and 
spreading rapidly. That sharp spike in cholera was the first manifestation of the seventh 
pandemic in the Americas and was the first time that the Americas had seen more than 
a handful of indigenous cases in over a century.

Limitations
There are serious problems with the reporting of cholera. In particular, the data here 
represent only the cases identified and reported to the World Health Organization and 
do not include undiagnosed or unreported cases. The true number of cholera cases is 
known to be much higher than reported here. Many countries refuse to report cholera 
cases, or define many severe diarrheal diseases as something other than cholera, often 
as “acute watery diarrhea.” As many as 500,000 to 700,000 cases of acute watery diarrhea 
occur annually in areas of Central and Southeast Asia and in some African countries.

As a result, the totals shown in the table are likely to seriously underrepresent total 
cholera cases.
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Sources
World Health Organization (WHO). 2011. Number of Reported Cholera Cases. Global Health 

Observatory. http://www.who.int/gho/epidemic_diseases/cholera/cases_text/en/index.html 
(accessed June 1, 2013).

———. 2013. Cholera Data Portal. http://apps.who.int/gho/data/node.main.175. 
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Global Cholera Deaths Reported  

to the World Health Organization, 

by Country, 1949–2011

Description
Annual deaths from cholera are shown here for all reporting countries. Cholera is one of 
many waterborne diseases that are a consequence of the lack of sanitation services and 
access to clean drinking water. Some data on cholera cases and deaths are available as 
early as 1922 from reports to the League of Nations, but consistent reports are available 
from the World Health Organization only since 1949. The data here are given annually 
from 1949 to 2011.

Since 2006, between 7,500 and 15,000 people have died each year from cholera, not 
counting unreported or misreported data. Particularly hard hit in 2011 were Haiti and 
Somalia.

In 2011, a total of fifty-eight countries from all continents reported approximately 
590,000 cases of cholera to the World Health Organization, of which 32 percent were in 
Africa and 61.2 percent were in the Americas (defined as North, Central, and South 
America and the Caribbean). These data reflect a massive upsurge in the Americas from 
previous years. A particularly severe outbreak started in Haiti at the end of October 2010 
and also affected the Dominican Republic.

These data also show the rapid and severe spread of cholera in Latin America during 
the seventh pandemic, starting with the appearance of cholera in Peru in 1991 and 
spreading rapidly. That sharp spike in cholera was the first manifestation of the seventh 
pandemic in the Americas and was the first time that the Americas had seen more than 
a handful of indigenous cases in over a century.

Limitations
There are serious problems with the reporting of cholera. In particular, the data here 
include only the deaths identified and reported to the World Health Organization and do 
not include undiagnosed or unreported cases. The true number of cholera deaths is 
known to be much higher than reported here. Many countries refuse to report cholera as 
such, or define many severe diarrheal diseases as something other than cholera, often as 
“acute watery diarrhea.” As many as 500,000 to 700,000 cases and an unknown number 
of deaths from acute watery diarrhea occur annually in vast areas of Central and South-
east Asia and in some African countries.
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As a result, the totals shown in the table are likely to seriously underrepresent total 
cholera deaths.

Sources
World Health Organization (WHO). 2011. Number of Reported Cholera Cases. Global Health 

Observatory. http://www.who.int/gho/epidemic_diseases/cholera/cases_text/en/index.html 
(accessed June 1, 2013).

———. 2013. Cholera Data Portal. http://apps.who.int/gho/data/node.main.175. 
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D A T A  T A B L E  1 8 A

Perceived Satisfaction with Water 

Quality in Sub-Saharan Africa

Description
In 2012, the Gallup Organization released the results of a survey on perceived satisfac-
tion with water quality taken in cities and other areas of sub-Saharan Africa (and in other 
regions; see data table 18B). The question asked was, “In the city or area where you live, 
are you satisfied or dissatisfied with the quality of water?”

This table summarizes the results of that survey, which may be the first of its kind. The 
complete survey was done worldwide. The results shown here are only for sub-Saharan 
Africa. Perceived water quality is generally lowest in this region, the Middle East, and 
countries that were formerly in the Soviet Union. The summary provided by Gallup 
notes, “Seven of the 10 countries where residents are least satisfied are in sub-Saharan 
Africa, where residents sometimes have to walk miles for water, and waterborne and 
water-related diseases such as cholera are common.”

Limitations
Like any poll, this one has limitations. As described by Gallup, the results presented here 
are based on telephone and face-to-face interviews with 1,000 adults, aged fifteen and 
older, conducted in more than 140 countries in 2011. The maximum margin of sampling 
error is described as ranging from a low of ±2 percentage points to a high of ±5.1 percent-
age points. In addition to sampling error, one challenge with polls such as this involves 
the wording and interpretation of the questions asked. For example, what does “satis-
fied” mean? 

Moreover, perceived levels of satisfaction say nothing about actual water quality. 
Many people may perceive problems where none exist and, conversely, may not perceive 
problems when major contamination exists.

Source
Gallup. 2012. Air Quality Rated Better Than Water Quality Worldwide: Residents of Sub-Saharan 

Africa Rate Their Water the Worst. Report by A. Pugliese and J. Ray. May 14. http://www.gallup 
.com/poll/154646/Air-Quality-Rated-Better-Water-Quality-Worldwide.aspx (accessed June 3, 
2013).
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DATA TA B L E 18A  Perceived Satisfaction with Water 
Quality in Sub-Saharan Africa

Country or City Satisfied (%) Dissatisfied 

(%)

Mauritius 88 12

Rwanda 70 30

Zimbabwe 64 36

South Africa 62 38

Mozambique 62 38

Botswana 62 38

Malawi 62 38

Ghana 61 39

Kenya 61 39

Somaliland region 61 39

Uganda 61 39

Benin 59 41

Swaziland 58 42

Niger 57 43

Senegal 56 44

Burundi 56 44

Madagascar 53 47

Djibouti 52 48

Angola 51 49

Mali 50 50

Zambia 49 51

Guinea 48 52

Cameroon 48 52

Mauritania 47 53

Comoros 47 53

Liberia 47 53

Conga Brazzaville 47 53

Burkina Faso 46 54

Chad  46 54

Nigeria 43 57

Gabon 42 58

Central African Republic 41 59

Togo 41 59

Lesotho 39 61

Tanzania 36 64

Sudan 35 65

Congo Kinshasa 31 69

Sierra Leone 30 70
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D A T A  T A B L E  1 8 B

Regional Assessment of 

Satisfaction with Water  

(and Air) Quality

Description
In 2012, the Gallup Organization released the results of a survey on perceived satisfac-
tion with water quality taken in cities and other areas around the world. The question 
asked was, “In the city or area where you live, are you satisfied or dissatisfied with the 
quality of [air or water]?”

This table summarizes the results of that survey for different regions of the world. In 
general, with the exception of Europe, air quality in all regions was thought to be better 
than water quality. Ratings of water quality are highest in the richer countries of North 
America, much of Europe, and developed regions in Asia. Perceived water quality is gen-
erally lowest in sub-Saharan Africa (see data table 18A), the Middle East, and countries 
of the former Soviet Union. The summary provided by Gallup notes, “Seven of the 10 
countries where residents are least satisfied are in sub-Saharan Africa, where residents 
sometimes have to walk miles for water, and waterborne and water-related diseases such 
as cholera are common.”

Limitations
Like any poll, this one has limitations. As described by Gallup, the results presented here 
are based on telephone and face-to-face interviews with 1,000 adults, aged fifteen and 
older, conducted in more than 140 countries in 2011. The maximum margin of sampling 
error is described as ranging from a low of ±2 percentage points to a high of ±5.1 percent-
age points. In addition to sampling error, one challenge with polls such as this involves 
the wording and interpretation of the questions asked. For example, what does “satis-
fied” mean? 

Moreover, perceived levels of satisfaction say nothing about actual water quality. 
Many people may perceive problems where none exist and, conversely, may not perceive 
problems when major contamination exists.
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Source
Gallup. 2012. Air Quality Rated Better Than Water Quality Worldwide: Residents of Sub-Saharan 

Africa Rate Their Water the Worst. Report by A. Pugliese and J. Ray. May 14. http://www.gallup 
.com/poll/154646/Air-Quality-Rated-Better-Water-Quality-Worldwide.aspx (accessed May 
28, 2013).
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DATA TA B L E 18B  Regional Assessment of Satisfaction with Water (and Air) Quality

Region Satisfied with Air Quality (%) Satisfied with Water Quality (%)

Global 75 68

Sub-Saharan Africa 78 51

Americas 78 73

Asia 84 78

Europe 75 79

Former Soviet Union 68 61

Middle East and North Africa 68 63
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D A T A  T A B L E  1 8 C

Countries Most and Least  

Satisfied with Water Quality

Description
In 2012, the Gallup Organization released the results of a survey on perceived satisfac-
tion with water quality taken in cities and other areas around the world. The question 
asked was, “In the city or area where you live, are you satisfied or dissatisfied with the 
quality of [air or water]?”

This table presents the countries “most” and “least” satisfied with water quality. Rat-
ings of water quality are highest in the richer countries of the Americas, much of Europe, 
and parts of developed regions in Asia. Perceived water quality is generally lowest in sub-
Saharan Africa (see data table 18A), the Middle East, and parts of the former Soviet 
Union.

Limitations
Like any poll, this one has limitations. As described by Gallup, the results presented here 
are based on telephone and face-to-face interviews with 1,000 adults, aged fifteen and 
older, conducted in more than 140 countries in 2011. The maximum margin of sampling 
error is described as ranging from a low of ±2 percentage points to a high of ±5.1 percent-
age points. In addition to sampling error, one challenge with polls such as this involves 
the wording and interpretation of the questions asked. For example, what does “satis-
fied” mean? 

Moreover, perceived levels of satisfaction say nothing about actual water quality. 
Many people may perceive problems where none exist and, conversely, may not perceive 
problems when major contamination exists.

Source
Gallup. 2012. Air Quality Rated Better Than Water Quality Worldwide: Residents of Sub-Saharan 

Africa Rate Their Water the Worst. Report by A. Pugliese and J. Ray. May 14. http://www.gallup 
.com/poll/154646/Air-Quality-Rated-Better-Water-Quality-Worldwide.aspx (accessed May 
28, 2013).
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DATA TA B L E 18C  Countries Most and Least 
Satisfied with Water Quality

 Most Satisfied with Water Quality 

Country %

United Kingdom 97

Germany 96

Sweden 96

Denmark 96

Singapore 95

Finland 94

Austria 94

Netherlands 93

Australia 92

Luxembourg 91

Uruguay 91

 Least Satisfied with Water Quality 

Country %

Congo (Kinshasha) 24

Sierra Leone 30

Iraq 32

Haiti 32

Lesotho 39

Central African Republic 41

Togo 41

Tanzania 41

Ukraine 42

Gabon 42
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Water Units, Data Conversions,  
and Constants

Water experts, managers, scientists, and educators work with a bewildering array of different 
units and data. These vary with the field of work: engineers may use different water units 
than hydrologists; urban water agencies may use different units than reservoir operators; 
academics may use different units than water managers. But they also vary with regions: 
water agencies in England may use different units than water agencies in France or Africa; 
hydrologists in the eastern United States often use different units than hydrologists in the 
western United States. And they vary over time: today’s water agency in California may sell 
water by the acre-foot, but its predecessor a century ago may have sold miner’s inches or 
some other now arcane measure.

These differences are of more than academic interest. Unless a common “language” is 
used, or a dictionary of translations is available, errors can be made or misunderstandings 
can ensue. In some disciplines, unit errors can be more than embarrassing; they can be 
expensive, or deadly. In September 1999, the $125 million Mars Climate Orbiter spacecraft 
was sent crashing into the face of Mars instead of into its proper safe orbit above the surface 
because one of the computer programs controlling a portion of the navigational analysis 
used English units incompatible with the metric units used in all the other systems. The 
failure to translate English units into metric units was described in the findings of the pre-
liminary investigation as the principal cause of mission failure.

This table is a comprehensive list of water units, data conversions, and constants related 
to water volumes, flows, pressures, and much more. Most of these units and conversions 
were compiled by Kent Anderson and initially published in P. H. Gleick, 1993, Water in 
Crisis: A Guide to the World’s Fresh Water Resources, Oxford University Press, New York.
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Water Units, Data Conversions, and Constants

Prefix (Metric) Abbreviation Multiple Prefix (Metric) Abbreviation Multiple
deka- da     10 deci- d   0.1

hecto- h   100 centi- c   0.01

kilo- k 1000 milli- m   0.001

mega- M     106 micro- μ 10-6

giga- G     109 nano- n 10-9

tera- T     1012 pico- P 10-12

peta- P     1015 femto- f 10-15

exa- E     1018 atto- a 10-18

LENGTH (L)
1 micron (μ) = 1 × 10-3 mm 10 hectometers = 1 kilometer

 = 1 × 10-6 m 1 mil = 0.0254 mm

 = 3.3937 × 10-5 in  = 1 × 10-3 in

1 millimeter (mm) = 0.1 cm 1 inch (in) = 25.4 mm

 = 1 × 10-3m  = 2.54 cm

 = 0.03937 in  = 0.08333 ft

1 centimeter (cm) = 10 mm  = 0.0278 yd

 = 0.01 m 1 foot (ft) = 30.48 cm

 = 1 × 10-5 km  = 0.3048 m

 = 0.3937 in  = 3.048 × 10-4 km

 = 0.03281 ft  = 12 in

 = 0.01094 yd  = 0.3333 yd

1 meter (m) = 1000 mm  = 1.89 × 10-4 mi

 = 100 cm 1 yard (yd) = 91.44 cm

 = 1 × 10-3 km  = 0.9144 m

 = 39.37 in  = 9.144 × 10-4 km

 = 3.281 ft  = 36 in

 = 1.094 yd  = 3 ft

 = 6.21 × 10-4 mi  = 5.68 × 10-4 mi

1 kilometer (km) = 1 × 105cm 1 mile (mi) = 1609.3 m

 = 1000 m  = 1.609 km

 = 3280.8 ft  = 5280 ft

 = 1093.6 yd  = 1760 yd

 = 0.621 mi 1 fathom (nautical) = 6 ft

10 millimeters = 1 centimeter 1 league (nautical) = 5.556 km

10 centimeters = 1 decimeter  = 3 nautical miles

10 decimeters = 1 meter 1 league (land) = 4.828 km

   (dm)   = 5280 yd

10 meters = 1 dekameter  = 3 mi

10 dekameters = 1 hectometer 1 international = 1.852 km

   (dam)     nautical mile = 6076.1 ft

   = 1.151 mi
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Water Units, Data Conversions, and Constants (continued)

AREA (L2)
1 square centimeter = 1 × 10-4m2 1 square foot (ft2) = 929.0 cm2

   (cm2) = 0.1550 in2  = 0.0929 m2

 = 1.076 × 10-3 ft2  = 144 in2

 = 1. 196 × 10-4 yd2  = 0.1111 yd2

1 square meter = 1 × 10-4 hectare  = 2.296 × 10-5 acre

   (m2) = 1 × 10-6 km2  = 3.587 × 10-8 mi2

 = 1 centare 1 square yard (yd2) = 0.8361 m2

    (French)  = 8.361 × 10-5

 = 0.01 are     hectare

 = 1550.0 in2  = 1296 in2

 = 10.76 ft2  = 9 ft2

 = 1.196 yd2  = 2.066 × 10-4 acres

 = 2.471 × 10-4 acre  = 3.228 × 10-7 mi2

1 are = 100 m2 1 acre = 4046.9 m2

1 hectare (ha) = 1 × 104 m2  = 0.40469 ha

 = 100 are  = 4.0469 × 10-3 km2

 = 0.01 km2  = 43,560 ft2

 = 1.076 × 105 ft2  = 4840 yd2

 = 1. 196 × 104 yd2  = 1.5625 × 10-3 mi2

 = 2.471 acres 1 square mile (mi2) = 2.590 × 106 m2

 = 3.861 × 10-3 mi2  = 259.0 hectares

1 square kilometer = 1 × 106 m2  = 2.590 km2

   (km2) = 100 hectares  = 2.788 × 107 ft2

 = 1.076 × 107 ft2  = 3.098 × 106 yd2

 = 1. 196 × 106 yd2  = 640 acres

 = 247.1 acres  = 1 section (of land)

 = 0.3861 mi2 1 feddan (Egyptian) = 4200 m2

1 square inch (in2) = 6.452 cm2  = 0.42 ha

 = 6.452 × 10-4 m2  = 1.038 acres

 = 6.944 × 10-3 ft2

 = 7.716 × 10-4 yd2

(continues)
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Water Units, Data Conversions, and Constants (continued)

VOLUME (L3)
1 cubic centimeter = 1 × 10-3 liter 1 cubic foot (ft3) = 2.832 × 104 cm3

   (cm3) = 1 × 10-6 m3  = 28.32 liters

 = 0.06102 in3  = 0.02832 m3

 = 2.642 × 10-4 gal  = 1728 in3

 = 3.531 × 10-3 ft3  = 7.481 gal

1 liter (1) = 1000 cm3  = 0.03704 yd3

 = 1 × 10-3 m3 1 cubic yard (yd3) = 0.7646 m3

 = 61.02 in3  = 6.198 × 10-4

 = 0.2642 gal     acre-ft

 = 0.03531 ft3  = 46656 in3

1 cubic meter (m3) = 1 × 106 cm3  = 27 ft3

 = 1000 liter 1 acre-foot = 1233.48 m3

 = 1 × 10-9 km3    (acre-ft or AF) = 3.259 × 105 gal

 = 264.2 gal  = 43560 ft3

 = 35.31 ft3 1 Imperial gallon = 4.546 liters

 = 6.29 bbl  = 277.4 in3

 = 1.3078 yd3  = 1.201 gal

 = 8.107 × 10-4  = 0.16055 ft3

    acre-ft 1 cfs-day = 1.98 acre-feet

1 cubic decameter = 1000 m3  = 0.0372 in-mi2

   (dam3) = 1 × 106 liter 1 inch-mi2 = 1.738 × 107 gal

 = 1 × 10-6 km3  = 2.323 × 106 ft3

 = 2.642 × 105 gal  = 53.3 acre-ft

 = 3.531 × 104 ft3  = 26.9 cfs-days

 = 1.3078 × 103 yd3 1 barrel (of oil) = 159 liter

 = 0.8107 acre-ft    (bbl) = 0.159 m3

1 cubic hectometer = 1 × 106 m3  = 42 gal

   (ha3) = 1 × 103 dam3  = 5.6 ft3

 = 1 × 109 liter 1 million gallons = 3.069 acre-ft

 = 2.642 × 108 gal 1 pint (pt) = 0.473 liter

 = 3.531 × 107 ft3  = 28.875 in3

 = 1.3078 × 106 yd3  = 0.5 qt

 = 810.7 acre-ft  = 16 fluid ounces

1 cubic kilometer = 1 × 1012 liter  = 32 tablespoons

   (km3) = 1 × 109 m3  = 96 teaspoons

 = 1 × 106 dam3 1 quart (qt) = 0.946 liter

 = 1000 ha3  = 57.75 in3

 = 8.107 × 105  = 2 pt

    acre-ft  = 0.25 gal

 = 0.24 mi3 1 morgen-foot = 2610.7 m3

1 cubic inch (in3) = 16.39 cm3    (S. Africa)
 = 0.01639 liter 1 board-foot = 2359.8 cm3

 = 4.329 × 10-3 gal  = 144 in3

 = 5.787 × 10-4 ft2  = 0.0833 ft3

1 gallon (gal) = 3.785 liters 1 cord = 128 ft3

 = 3.785 × 10-3 m3  = 0.453 m3

 = 231 in3

 = 0.1337 ft3

 = 4.951 × 10-3 yd3
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Water Units, Data Conversions, and Constants (continued)

VOLUME/AREA (L3/L2)
1 inch of rain = 5.610 gal/yd2 1 box of rain = 3,154.0 lesh

 = 2.715 × 104

    gal/acre

MASS (M)
1 gram (g or gm) = 0.001 kg 1 ounce (oz) = 28.35 g

 = 15.43 gr  = 437.5 gr

 = 0.03527 oz  = 0.0625 lb

 = 2.205 × 10-3 lb 1 pound (lb) = 453.6 g

1 kilogram (kg) = 1000 g  = 0.45359237 kg

 = 0.001 tonne  = 7000 gr

 = 35.27 oz  = 16 oz

 = 2.205 lb 1 short ton (ton) = 907.2 kg

1 hectogram (hg) = 100 gm  = 0.9072 tonne

 = 0.1 kg  = 2000 lb

1 metric ton (tonne = 1000 kg 1 long ton = 1016.0 kg

   or te or MT) = 2204.6 lb  = 1.016 tonne

 = 1. 102 ton 1 long ton = 2240 lb

 = 0.9842 long ton  = 1.12 ton

1 dalton (atomic = 1.6604 × 10-24 g 1 stone (British) = 6.35 kg

   mass unit)   = 14 lb

1 grain (gr) = 2.286 × 10-3 oz 

 = 1.429 × 10-4 lb 

  

TIME (T)  
1 second (s or sec) = 0.01667 min 1 day (d) = 24 hr

 = 2.7778 × 10-4 hr  = 86400 s

1 minute (min) = 60 s 1 year (yr or y) = 365 d

 = 0.01667 hr  = 8760 hr

1 hour (hr or h) = 60 min  = 3.15 × 107 s

 = 3600 s

DENSITY (M/L3)
1 kilogram per = 10-3 g/cm3 1 metric ton per = 1.0 specific

   cubic meter = 0.062 lb/ft3    cubic meter    gravity

   (kg/m3)     (te/m3) = density of H
2
O at

1 gram per cubic = 1000 kg/m3     4°C

   centimeter = 62.43 lb/ft3  = 8.35 lb/gal

   (g/cm3)  1 pound per cubic = 16.02 kg/m3

     foot (lb/ft3)

(continues)
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Water Units, Data Conversions, and Constants (continued)

VELOCITY (L/T)
1 meter per = 3.6 km/hr 1 foot per second = 0.68 mph

   second (m/s) = 2.237 mph    (ft/s) = 0.3048 m/s

 = 3.28 ft/s velocity of light in = 2.9979 × 108 m/s

1 kilometer per = 0.62 mph    vacuum (c) = 186,000 mi/s

   hour (km/h = 0.278 m/s 1 knot = 1.852 km/h

   or kph)   = 1 nautical

1 mile per hour = 1.609 km/h     mile/hour

   (mph or mi/h) = 0.45 m/s  = 1.151 mph

 = 1.47 ft/s  = 1.688 ft/s

VELOCITY OF SOUND IN WATER AND SEAWATER 
(assuming atmospheric pressure and sea water salinity of 35,000 ppm)

 Pure water, Sea water,
Temp, °C (meters/sec) (meters/sec)

 0 1,400 1,445

 10 1,445 1,485

 20 1,480 1,520

 30 1,505 1,545

FLOW RATE (L3/T)
1 liter per second = 0.001 m3/sec 1 cubic decameters = 11.57 1/sec

   (1/sec) = 86.4 m3/day    per day (dam3/day) = 1.157 × 10-2

 = 15.9 gpm     m3/sec

 = 0.0228 mgd  = 1000 m3/day

 = 0.0353 cfs   = 1.83 × 106 gpm

 = 0.0700 AF/day  = 0.264 mgd

1 cubic meter per = 1000 1/sec  = 0.409 cfs

   second (m3/sec) = 8.64 × 104 m3/day  = 0.811 AF/day

 = 1.59 × 104 gpm 1 gallon per minute = 0.0631 1/sec

 = 22.8 mgd    (gpm) = 6.31 × 10-5

 = 35.3 cfs     m3/sec

 = 70.0 AF/day  = 1.44 × 10-3 mgd

1 cubic meter per = 0.01157 1/sec  = 2.23 × 10-3 cfs

   day (m3/day) = 1.157 × 10-5  = 4.42 × 10-3

    m3/sec     AF/day

 = 0.183 gpm 1 million gallons = 43.8 1/sec

 = 2.64 × 10-4 mgd    per day (mgd) = 0.0438 m3/sec

 = 4.09 × 10-4 cfs  = 3785 m3/day

 = 8.11 × 10-4  = 694 gpm

   AF/day  = 1.55 cfs

   = 3.07 AF/day
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Water Units, Data Conversions, and Constants (continued)

FLOW RATE (L3/T) (continued)
1 cubic foot per = 28.3 1/sec 1 miner’s inch = 0.02 cfs (in Idaho,

   second (cfs) = 0.0283 m3/ sec     Kansas, Nebraska,

 = 2447 m3/day     New Mexico, North

 = 449 gpm     Dakota, South

 = 0.646 mgd     Dakota, and Utah)

 = 1.98 AF/day  = 0.026 cfs

1 acre-foot per = 14.3 1/sec     (in Colorado)

   day (AF/day) = 0.0143 m3/sec  = 0.028 cfs

 = 1233.48 m3/day     (in British Columbia)

 = 226 gpm 1 weir = 0.02 garcia

 = 0.326 mgd 1 quinaria = 0.47–0.48 1/sec

 = 0.504 cfs    (ancient Rome)
1 miner’s inch = 0.025 cfs (in 

 Arizona, California, 

 Montana, and 

 Oregon: flow of

 water through 1 in2

 aperture under

 6-inch head)

ACCELERATION (L/T2)
standard acceleration = 9.8 m/s2

   of gravity  = 32 ft/s2

FORCE (ML/T2 = Mass × Acceleration)
1 newton (N) = kg-m/s2 1 dyne = g.cm/s2

 = 105 dynes  = 10-5 N

 = 0.1020 kg force 1 pound force = lb mass × acceler-

 = 0.2248 lb force     ation of gravity

   = 4.448 N

(continues)
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Water Units, Data Conversions, and Constants (continued)

PRESSURE (M/L2 = Force/Area) 1 kilogram per sq. = 14.22 lb/in2

1 pascal (Pa) = N/m2    centimeter
1 bar = 1 × 105 Pa    (kg/cm2)
 = 1 × 106 dyne/cm2 1 inch of water = 0.0361 lb/in2

 = 1019.7 g/cm2    at 62°F = 5.196 lb/ft3

 = 10.197 te/m2  = 0.0735 inch of

 = 0.9869 atmos-      mercury at 62°F

    phere 1 foot of water = 0.433 lb/in2

 = 14.50 lb/in2    at 62°F = 62.36 lb/ft2

 = 1000 millibars  = 0.833 inch of

1 atmosphere (atm) = standard     mercury at 62°F

    pressure  = 2.950 × 10-2

 = 760 mm of     atmosphere

    mercury at 0°C 1 pound per sq. = 2.309 feet of

 = 1013.25 millibars    inch (psi or    water at 62°F

 = 1033 g/cm2    lb/in2) = 2.036 inches of

 = 1.033 kg/cm2     mercury at 32°F

 = 14.7 lb/in2  = 0.06804

 = 2116 1b/ft2     atmosphere

 = 33.95 feet of  = 0.07031 kg/cm2

    water at 62°F 1 inch of mercury = 0.4192 lb/in2

 = 29.92 inches of    at 32°F = 1.133 feet of

    mercury at 32°F     water at 32°F

TEMPERATURE
degrees Celsius or = (°F–32) × 5/9 degrees Fahrenheit = 32 + (°C x 1.8)

   Centigrade (°C) = K–273.16    (°F) = 32 + ((°K–273.16)

Kelvins (K) = 273.16 + °C     × 1.8)

 = 273.16 + ((°F- 32)

    × 5/9)
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Water Units, Data Conversions, and Constants (continued)

ENERGY(ML2/T2 = Force × Distance)
1 joule (J) = 107 ergs 1 kilowatt-hour = 3.6 × 106 J

 = N.m    (kWh) = 3412 Btu

 = W.s  = 859.1 kcal

 = kg.m2/s2 l quad = 1015 Btu

 = 0.239 calories  = 1.055 × 1018J

 = 9.48 × 10-4 Btu  = 293 × 109 kWh

1 calorie (cal) = 4.184 J  = 0.001 Q

 = 3.97 × 10-3 Btu  = 33.45 GWy

    (raises 1 g H
2
O 1 Q = 1000 quads

    l°C)  ≈ 1021 J

1 British thermal = 1055 J 1 foot-pound (ft-lb) = 1.356 J

   unit (Btu) = 252 cal (raises  = 0.324 cal

    1 lb H
2
O l°F) 1 therm = 105 Btu

 = 2.93 × 10-4 kWh 1 electron-volt (eV) = 1.602 × 10-19 J

1 erg = 10-7 J 1 kiloton of TNT = 4.2 × 1012 J

 = g.cm2/s2 1 106 te oil equiv. = 7.33 × 106 bbl oil

 = dyne.cm    (Mtoe) = 45 × 1015 J

1 kilocalorie (kcal) = 1000 cal  = 0.0425 quad

 = 1 Calorie (food) 

POWER (ML2/T3 = rate of flow of energy)
1 watt (W) = J/s 1 horsepower = 0.178 kcal/s

 = 3600 J/hr    (H.P. or hp) = 6535 kWh/yr

 = 3.412 Btu/hr  = 33,000 ft-lb/min

1 TW = 1012 W  = 550 ft-lb/sec

 = 31.5 × 1018 J  = 8760 H.P.-hr/yr

 = 30 quad/yr H.P. input = 1.34 × kW input

1 kilowatt (kW) = 1000W     to motor

 = 1.341 horsepower  = horsepower

 = 0.239 kcal/s     input to motor

 = 3412 Btu/hr Water H.P. = H.P. required to

106 bbl (oil) /day ≈ 2 quads/yr     lift water at a

   (Mb/d) ≈ 70 GW     definite rate to

1 quad/yr = 33.45 GW     a given distance

 ≈ 0.5 Mb/d     assuming 100%

1 horsepower = 745.7W     efficiency

   (H.R or hp) = 0.7457 kW  = gpm × total head

      (in feet)/3960

   

(continues)
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Water Units, Data Conversions, and Constants (continued)

EXPRESSIONS OF HARDNESSa

1 grain per gallon = 1 grain CaCO
3
 1 French degree = 1 part CaCO

3
 per

    per U.S. gallon     100,000 parts water

1 part per million = 1 part CaCO
3
 per  

    1,000,000 parts 1 German degree = 1 part CaO per

    water     100,000 parts water

1 English, or Clark, = 1 grain CaCO
3
  

   degree    per Imperial

    gallon

CONVERSIONS OF HARDNESS
1 grain per U.S. = 17.1 ppm, as 1 French degree = 10 ppm, as

   gallon    CaCO
3
     CaCO

3

1 English degree = 14.3 ppm, as 1 German degree = 17.9 ppm, as

    CaCO
3
     CaCO

3

WEIGHT OF WATER
1 cubic inch = 0.0361 lb 1 imperial gallon = 10.0 lb

1 cubic foot = 62.4 lb 1 cubic meter = 1 tonne

1 gallon = 8.34 lb

DENSITY OF WATERa

 Temperature Density

°C °F gm/cm3

 0 32 0.99987

 1.667 35 0.99996

 4.000 39.2 1.00000

 4.444 40 0.99999

 10.000 50 0.99975

 15.556 60 0.99907

 21.111 70 0.99802

 26.667 80 0.99669

 32.222 90 0.99510

 37.778 100 0.99318

 48.889 120 0.98870

 60.000 140 0.98338

 71.111 160 0.97729

 82.222 180 0.97056

 93.333 200 0.96333

 100.000 212 0.95865

Note: Density of Sea Water: approx- 
imately 1.025 gm/cm3 at 15°C.

aSource: van der Leeden, F., Troise, F. L., and Todd, D. K., 1990. The Water Encyclopedia, 2d edition. Lewis 
Publishers, Inc., Chelsea, Michigan.
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