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Foreword
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The undeniable seriousness of the global water situation was first brought to the
attention of the international community at the 1992 United Nations Conference on
Environment and Development in Rio de Janiero, at what came to be known as the Rio
Earth Summit. In response to the Rio Summit, the United Nations General Assembly
designated the 22" of March, 1993 as the first World Water Day. International World
Water Day has been held annually thereafter, as a means of focusing attention on
the importance of fresh water and advocating for the sustainable management of
freshwater resources. The celebration of an annual World Water Day was followed by
the proclamation of the International Year of Fresh Water in 2003; and the declaration
in 2005 of the United Nations International Decade of Action ‘Water for Life’, which
set clear goals with respect to water supply and sanitation globally to be met by 2015
in tandem with those of the Millennium Development Goals.

Twenty years after the Rio Summit, the global situation with respect to water has

improved in some areas, but still has long ways to go in others because of the needs

and effects of rapidly growing populations. The message that emerges today in the
reports of water experts worldwide is one of caution and urgency with respect to how the world might prepare for and
act to prevent a potential freshwater crisis with respect to supply and quality.

The authors of this important and timely book are experts in a broad range of water issues. Together, they make it clear
that there is no question that water scarcity is becoming a major issue on our planet. The most important problems are all
well-known. These include, inter alia: a rapidly growing population with associated changes in lifestyle and consumption
patterns; competition between sectors, such as industry, agriculture and energy for precious land and water resources;
inadequate access to water supply and sanitation services for what is now becoming known as the ‘bottom billion’ on
this planet; the failure to adequately address the issue of indigenous water rights and include marginalized populations in
water decision-making processes; matters related to environmental protection; and, growing tension over transboundary
water issues. All of these problems will to some extent be magnified by the growing realization that past and current
hydrological patterns will no longer be sufficient or a reliable guide for dealing with future hydro-climatic scenarios.

Water policy experts maintain that we must respond simultaneously to all these issues if we are to avoid a crisis of scarcity
in many places in the world. Many places, particularly in sub-Saharan Africa or West Asia and North Africa, are already
facing critical water shortages. As some of these nations are already politically unstable, such crises may have regional
repercussions that extend well beyond their political boundaries. But even in politically stable regions, the status quo
may very well be disturbed first and most dramatically by the loss of stability in hydrological patterns.

It is the slowness of institutional adjustments to water scarcity that has made the global water crisis one of governance
more so than a crisis of absolute water availability. We are not facing water scarcity so much as we are facing water
governance issues. What we have learned from what is happening widely in the world is that the failure of governance
with respect to water management is often a failure to integrate water management at different levels and to take local
and regional approaches into consideration. We also have yet to arrive at a mechanism for evolving our governance
structures fast enough to keep up with the rapid pace of change that is occurring and with the challenges that are being
created by population growth, destruction of biodiversity-based planetary life support functions, and climate change.

This does not imply, however, that we lack the means to deal with these problems. Time and time again, we have seen
that local collaborations and close relationships go a long way in addressing water security issues. Engagement on water
matters on a basin level with all stakeholders, including indigenous peoples, is no longer an option — it is a must. We must
go beyond the norms we have come to accept regarding water governance and policies, and accept that water security
transcends the limitations of government as the sole party responsible for it. It is without question that governments
must be involved, but water security must also be defined by broader private and public interest and ownership through
appropriate institutions and engagement, and actively advance as an individual and collective societal aspiration.

The contemporary understanding of water security concerns also makes it clear that broader principles must be incorporated
into transboundary treaties if such agreements are to remain relevant in changing hydrological scenarios. These principles
include: integration of surface and groundwater interactions with land use planning and water management; ecosystem
protection; public and private sector involvement; collaborative, multi-level governance; and the need for adaptability
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and flexibility in the management of shared waters. Examples from around the world demonstrate that principles that
work at the international level are also applicable at the sub-national level. Strengthened trust and confidence can only
emerge through collaboration and public involvement at all levels of basin governance.

There is another important subtext that emerges from these thoughtful essays. Together, they suggest that in our efforts
to adapt to changing climatic conditions, our focus should rightly be on water. If we are able to balance our needs for
water availability and quality in terms of nature, agriculture, populations and development, many other needs, including
achieving sustainability, may very well fall into place. Thus, we see that moving quickly to manage water more carefully
will generate greater global benefits in and of itself, while at the same time allowing us to imagine a future in which a
water crisis does not exist.

Finally, the examples and direction put forward in this book affirm the fact that strong and persistent political leadership
together with broad, ongoing collaboration is necessary if we wish to make progress in water governance. We see that
it is possible to build a meaningful and durable bridge between science and public policy that will help to successfully
address the global water crisis. However, in order to do so in a timely manner to assure water security for all, we need to
move quickly in order to keep up with both humankind’s growing and changing needs and demands, and the changes in
the way water is moving through the global hydrological cycle.
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Introduction

In March 2011, high-level experts from around the world were invited to Toronto, Canada, to meet with members of the
InterAction Council about the status of the world’s freshwater supply as it relates to global security issues (see List of
Participants in this volume). These experts reported that that the global water crisis is real and that there is urgency in
addressing the growing number of security risks associated with threatened water supply and quality. They also, however,
expressed hope and identified opportunities that can be realized by the timely triggering of change in policies, institutions,
and the way society thinks about water.

1. Something Must Be Done: Urgency and Risk

The magnitude of the global freshwater crisis and the risks associated with it have been greatly underestimated. One
billion people on earth are without reliable supplies of water, and more than 2 billion people lack basic sanitation. Water
is critical to the attainment of the United Nations Millennium Development Goals whose targets are set to expire in
2015; it is already known that the world lags far behind on the sanitation target, which is predicted to be missed by over
1 billion people.

In many countries, national security has historically been defined as military security. It is now understood that military
might is only one element in the human security equation, and that water can play a determining role in international,
national and transboundary conflicts. Although real potential exists for conflict over water, water tensions can also
offer potential for cooperation between states, so long as the underlying institutions and capacity are in place for such
cooperation to happen.

Water security is also the foundation for food and energy security, and for overall long-term social and economic
development. Water underpins health, nutrition, equity, gender equality, well-being and economic progress, especially
in developing countries. But equitable water supply and quality problems are also threatening the security of some of
the most developed countries in the world. In the USA, for example, water availability has already been identified as a
national security concern, threatening its ability to meet the country’s water, food and energy needs.

To complicate matters further, water stress is expanding globally but especially at mid-latitude countries that are already
deemed to be water scarce, threatening to further undermine important development progress. Add to this the increasing
number of environmental migrants moving within and beyond national boundaries in response to impacts from climate
change and other impacts on water, and the global water crisis grows more serious each day.

The environmental impacts of the water crisis are equally alarming. Multiple, cumulative and compounding problems with
water supply and quality are converging globally. Increasing population growth is already competing with nature for finite
water resources. A growing number of rivers do not make it to the sea, and there is widespread surface and groundwater
contamination that makes valuable water supplies unfit for other uses. A growing number of contaminants, such as
endocrine-altering substances, will demand higher wastewater treatment standards and more exhaustive monitoring of
water contaminants.

Although in many parts of the world, economic development has been slow as has been investment in science, there
is significant potential for investment, research and development in water technologies, systems, treatment, use and
productivity. Advances in technology, innovation and best practices are needed in order to keep pace with the current
rate of growth to be able to meet rising levels of water demand, decreasing water availability and aging urban water
infrastructure. Advances in technologies and development offer multiple opportunities for involvement of the private
sector in meeting the world’s water needs, and the potential for public-private partnerships. Such advances will need to
be integrated with national water policies.

Until now, an apparent inter-jurisdictional and cross-sector willingness to cooperate over water has not led to effective

action. Difficult reforms remain necessary and must be based on integrated land and watershed management principles
rather than the fractured jurisdiction of artificial management units imposed by political boundaries.
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Ethical considerations also need to be taken into account in order to ensure equitable access and sufficient provision
of water to all, particularly to marginalized groups who often have no say in the decision-making process. However,
establishing a basic constitutional right to water come with its own limitations and implications, and can erroneously be
seen as the magic silver bullet that will address many of the issues related to the water crisis.

What has also become clear is that there currently is a vacuum in international water leadership. New forms of hydro-
diplomacy are desperately needed in order to address the lack of political will, financial resources and effective governance.
Although leaders and policy-makers are increasingly inundated by ‘legislative congestion’, the fact remains that inactivity
in the face of a growing global water crisis cannot go ignored. Future generations trust us to get it right; they will drink
the very same water we drink. There is, therefore, considerable urgency in creating the political will to address the root
causes of the global water crisis.

2. There Is Hope: Challenges and Opportunities

Growing populations, changing diets, increased urban, agricultural and industrial water demands, and a growing
understanding of nature’s need for water require that we radically reform our attitude toward water and how it is managed
globally. Water needs to be on the global political agenda not only in order to feed the projected 9 billion people that
will inhabit the earth by 2050 with less agricultural water than is available today, but also in order to address the critical
development challenge of doing so in a safe, sustainable way without compromising water resources that are essential
to ecosystem services and functions. By addressing critical water issues, we will simultaneously address economic and
public health woes while advancing our capacity to adapt to climate change. Addressing water security issues will create
a foundation for peace and well-being.

What’s more, not all solutions will require large amounts of funding. On the contrary: finance ministers may be inclined
to action if they knew that inadequately addressing water and sanitation issues was costing them a significant portion
of their country’s GDP. However, having said that, the resolution of the global water crisis will require a level of funding
commensurate with the seriousness of the problem. Despite the critical need, investment in water management has
dropped by more than 25% in most countries since the late 1990s (World Bank, 2010). There is a disturbing mismatch
between investment in the form of aid and results. Too often, there is a focus on water treatment at the expense of
providing basic services in the areas where it is most needed. Achieving the target for both water supply and sanitation
would bring economic benefits: investing US $1 would give an economic return of US $3-$4, depending on the region.
Achieving this target would require an estimated additional investment of around US $11.3 billion per year over and
above current investments (World Health Organization, 2012), an amount far less than the annual military budgets of
many developed countries.

Money alone though will not be enough to solve all the problems. In many countries, major public institutions do not have
the capacity to address water issues even if sufficient funding is available. Help from other countries as well as financing
are required to ensure that water quality and availability issues do not stall economic or social progress or, worse yet,
result in further conflict in many parts of the world. Development cooperation also needs to be encouraged in order to
ensure that it includes all economic flows, and not just direct aid.

It will also be important to support and advance established United Nations international water protocols in order to
make further advances in water security. The InterAction Council was informed that the UN has already devised a Legal
Analytical Framework for water security, but that this is not being met by many countries (Wouters et al., 2009). On the
other hand, an example of real progress toward higher international standards of water management is the 1997 UN
Watercourses Convention. Unfortunately, many nations have yet to ratify this treaty.

Regional cooperation is essential to creating transboundary relationships that result in optimal levels of water, food and
health security for all users sharing a particular river system. International examples, such as that of the Nile River Basin,
suggest that effectively orchestrated basin-scale management of water resources can generate increased benefits for all
within a regional context if there is cooperation between all stakeholders. Other globally relevant models also exist, such
as Canada’s Northwest Territories ‘Northern Waters, Northern Voices’ water stewardship strategy, which demonstrates
how the rights of both people and nature to water can be a foundation of sustainable economic development.

The Global Water Crisis: Addressing an Urgent Security Issue



Another important example of successful international agreements over water management standards is the European
Union (EU) Water Framework Directive. In this framework, water quality standards and parameters of aquatic ecosystem
health are defined by the EU, but individual nations are charged with meeting those standards based on the strategy they
decide will work best in local circumstances. Furthermore, the EU model links both agricultural and water policy, and it
is a model which may be useful to examine in other regional contexts, such as in North America.

Innovative thinking can result not only in preventing crisis, but also in enhancing economic development and improving
living standards at large. For example, when considering the issue of global food security, it relates as much to a lack of
storage and transport as it does to food production. Improving these processes could lead to an improvement in water
productivity and food security, and this can be done through revitalizing irrigation technology, practices and institutions.
Water-use efficiency must also be improved in energy production, and alternative options, such as employing wastewater
and saline water, should be explored. And while huge growth is projected in the use of biofuels and substitutions for
traditional sources of fuel, it was unequivocally pointed out that these new sources of fuel should not be developed at
the expense of growing food. It will also be important to explore the possible benefits of the virtual water trade. We
should also consider payment for ecosystem services. Finally, it is important to explore the role of public-private sector
partnerships in addressing the growing global water infrastructure deficit.

Government regulation can provide huge incentives for change. New laws can kick-start the ‘ingenuity engine’ and keep
it running. As the Premier of Ontario, Dalton McGuinty, pointed out in his keynote address at the outset of the March
2011 High-Level Expert Group Meeting of the InterAction Council, setting high standards for the protection of water
quality can produce rapid change by stimulating innovation in water conservation and treatment. This creates economic
opportunity and demonstrates that it is possible for companies to do well for themselves while being socially responsible.

It must be understood, however, that human interaction with the environment is at the centre of water security. We
should never forget that nature is a silent stakeholder in all water use. The issue of water security ultimately will only be
addressed when humans can find a way to satisfy their growing needs without compromising the ecosystem services they
depend upon to fulfill those needs, and to do so in a sustainable way so as to ensure water and environmental security
for future generations. These are immense challenges, but they can be addressed in a timely way through innovation,
creativity, investment and cooperation.

3. How Do We Trigger Policy Change? Recommendations to the
InterAction Council

Following the High-Level Expert Group Meeting of the InterAction Council (see List of Participants in this volume), a number
of recommendations were made to the policy community on concrete steps that can be taken for a water-secure future:

1. Continue the Global Dialogue on the Water Crisis

Participants in the Toronto forum confirmed the value of linking science and water governance experience to the political
process, and were grateful for the opportunity to collaborate directly with former heads of state via the InterAction
Council, and saw this as a necessary step for continuing the global dialogue on the water crisis.

It is recommended that the InterAction Council support biennial forums at which high-level water and policy experts
collaborate over the state and possible fate of the planet’s water resources with the goal of cultivating support for current
and future leadership on local, regional and global water matters.

2. Endorse the Human Right to Water
The failure to address the global water crisis is not a question of austerity but of priority. Implementing and enforcing the
laws and policies recognizing the right to water is a first step towards achieving greater access to water and improved

levels of human well-being.

It is recommended that the InterAction Council support the global aspiration to make the right to water implementable
and enforceable through the rule of international law.
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3. Support Ratification of the UN Watercourses Convention

It is recommended that the InterAction Council support the ratification of the UN Watercourses Convention by all nations
and the development of the draft articles on transboundary aquifers.

4. Encourage the UN Security Council to Focus on Water Security

It is recommended that the InterAction Council encourage the UN Security Council to recognize water as a matter essential
to establishing international, regional and national security.

5. Support Increased Universal Sanitation Coverage and Safe Water Supply

It is recommended that the InterAction Council encourage increased investment in urgently needed sanitation coverage
and improved access to safe water supply globally.

6. Facilitate Links between National and Global Water, Agricultural and Energy Policies

The current trend of increasing water use in order to satisfy increasing agriculture and energy demands to meet the needs
of a growing population has come at a cost of threatened water supply and quality levels.

It is recommended that the InterAction Council facilitate the linking of water, agricultural and energy policies, both
nationally and globally, in order to reduce jurisdictional fragmentation that often acts as a barrier to improved water
management practices.

7. Support Necessary Hydro-climatic Monitoring
Better surface and groundwater monitoring and mapping are central to water security regionally and globally.
It is recommended that the InterAction Council support a national, international and global priority on the monitoring
of hydrological and hydro-climatic processes and encourage increased attention to the mapping and monitoring of both
surface water and groundwater.

8. Support the Protection of Ecological Sustainability Boundaries and Investment in Ecosystem Restoration

It is recommended that the InterAction Council support the conservation of the world’s intact freshwater ecosystems,
the establishment of ecological sustainability boundaries, and investment in ecosystem restoration.

9. Encourage Cooperation and Act as a Mediator in Water Conflicts

It became apparent during the High-level Expert Meeting that there is a need to create a new era of hydro-diplomacy,
beginning at the sub-national level but extending to the national, international and global levels of water governance. A
global framework is needed around which countries can create a national water policy and complementary sub-national
and local strategies that integrate water, food and energy within the national and regional security context.

It is recommended that the InterAction Council support the creation of an international water institution or forum that
focuses on enabling water-troubled countries resolve their problems peacefully to fill the current hydro-diplomacy vacuum.
It was suggested that this forum could be hosted in Canada.

10. Call on National Governments to Strengthen Water Education Programmes
It is recommended that the InterAction Council call on national governments to introduce or strengthen water education

programmes that include early education, targeted education campaigns for water users, and broader public engagement
using tools like social media.
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11. Involve the Private Sector
It is recommended that the InterAction Council encourage broader private sector engagement in the development of
new water treatment and conservation technologies, and new solutions to urban water infrastructure maintenance and
replacement through equitable pricing of water services and other incentives that will improve the efficiency of water use.

12. Create a White Paper Supporting the Above Recommendations

Finally, it is recommended that a White Paper be produced for the InterAction Council to clarify and support each of the
above recommendations.

Conclusions: Cultivating the Influence of the InterAction Council to
Reach the International Community

Water practitioners must find a way to help policy-makers translate effective action on public policy related to water
into long-term support. However, ultimately, water security will require multi-term, non-partisan, and perhaps inter-
generational political commitment. Renegotiating the relationship between people, water, and nature is not going to be
easy and will take years to happen. We should begin cultivating these relationships and level of leadership now, and the
InterAction Council could be a very effective vehicle for doing so.
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1.1 Will the Next Wars Be Fought
Over Water?

Bob Sandford
EPCOR Chair, Canadian Partnership Initiative,
United Nations ‘Water for Life’ Decade, Canada



Introduction

Since the serious state of the global freshwater situation became alarmingly apparent in the 1990s, there has been much
debate in academic circles and in the popular media about whether global supply pressures will reach a tipping point
that will result in a greater number of wars being fought over regional water security. Following Oregon State University’s
Professor Aaron Wolf’s 1999 pronouncement that since the 1940s, cooperation over water has prevailed two to one over
conflict (Wolf, 1999), it has become conventional wisdom in policy circles that the prospect of war over water remains
distinctly less likely than it might be for other resources such as oil. “People are willing to do horrible things to one
another,” Wolf observed, “[w]hat they seem not willing to do is turn off each other’s water” (Prud’homme, 2011: 199).

While observers such as Aaron Wolf and others (e.g. Dinar, 2004) have clearly demonstrated that collaboration over
regional water issues has typically been a unifying experience as opposed to a divisive force in matters of regional political
stability, rapidly growing human populations in combination with changing hydrological circumstances in many parts of
the world are likely to exacerbate existing tensions over water security and create new sources of potential conflict in
regions that are relatively stable today.

Though it is not possible to predict the future, emerging hydrological trends suggest that tensions and conflicts over water
of the kind that have typically occurred in the past will soon represent only one of many emerging explosive hydro-climatic
issues that are likely to bring sovereign nations into internal and external discord that could erupt in violent conflict or
warfare.

1. Civilizations and Water: To Be Human is to Be Hydraulic

As Steven Solomon observed in Water: The Epic Struggle for Wealth, Power and Civilization (Solomon 2010), the long record
of the rise and fall of hydraulic societies throughout history demonstrates that an abundance of water is necessary for the
development of a strong, independent sovereign state. It does not, however, by any means assure it. Ours, Solomon points
out, has become the greatest of all hydraulic civilizations. By the year 2000, humans had constructed some 45,000 large
dams that in combination with the hundreds of thousands of smaller structures, quadrupled water storage for human
purposes in only 40 years. Depending upon the time of the year, three to six times the water that exists at any given time
in all the world’s rivers is now stored behind giant dams.

As Solomon points out, however, no one examined or was able to predict the cumulative, global-scale effects that
uncoordinated dam building, irrigation diversions and the related impacts of deforestation would have on the timing and
extent of water availability and water quality. It has now become clear that human activity has begun to affect the earth’s
hydrology. Our presence and our actions and their consequences have altered the very composition of the atmosphere in
which precipitation forms and from which rain falls. Humans have altered how much land cover exists to capture, store,
purify and release water from the sky. Human behaviour is affecting rain and snowfall patterns, how much water flows
in rivers, and whether the rivers even make it to the sea.

Add to this the serious groundwater overdraft, accelerating soil loss in many of the world’s most important food production
areas, the widespread contamination of water, and rapidly expanding desertification globally, and the causes and dimensions
of the global water crisis suddenly become apparent. Thus, it becomes apparent that the same ecosystem depletions and
limitations that contributed to the downfall of previous empires all over the world are now occurring on a global scale
(Solomon, 2010). The question that needs to be asked is whether the widespread appearance of these depletions and
limitations will lead to more wars, and whether existing and emerging mechanisms of diplomacy and collaboration can
reduce this risk for these conflicts.

2. A Water War Defined

Of course, much depends upon how a water war is defined. Classic water wars are characterized, in the public imagination
at least, as pitched battles over limited surface water supplies. This, however, is a simplification of the wide range of ways in
which conflict can emerge from differences of opinion over water supply. The Pacific Institute’s Peter Gleick has identified
a broad range of conflict categories, which include: the control of water resources at their source; preventing or ensuring

Will the Next Wars Be Fought Over Water?

11



12

equitable access to water; the targeting of water systems as a weapon during military action; the manipulation of water
allocation for political reasons; the targeting of water systems by terrorists; and, development disputes in which water
systems are a source of disagreement in the context of economic and social development (Gleick, 2004).

A careful assessment of this history of conflict reveals that while water systems have been used as weapons and targets
during war, water resources in themselves have rarely been the sole source of violent conflict or war. This has led water
scholars to maintain that — since the 1940s, at least — water is more than twice as likely to be a source of international
cooperation as of conflict (Wolf, 1999). But as Peter Gleick points out, the fact that there has been widespread international
cooperation over water should not allow policy-makers to underestimate the complexity of the relationship between
water and national security (Gleick, 2004).

There are a number of factors that reduce the risk of traditional water wars, such as the presence of new transnational
institutions like the United Nations, more effective international laws, the emergence of the International Court of Justice,
more comprehensively crafted treaties, new water conservation measures and technologies, and better dispute resolution
mechanisms. This hope, however, is founded upon the anticipated stability, or rather stationarity, of both demand for
and reliable availability of global water supplies. Unfortunately, our global hydrological situation is changing rapidly (Milly
et al., 2008) and may soon no longer resemble anything that has existed on Earth before, at least in human memory.

Some 181 conflicts over water are reported to have occurred between 3000 B.C. and the end of 2007 (Gleick, 2009). Some
146 of these conflicts took place in the 5,000 years between 3000 B.C. and the year 2000. The remaining 59 conflicts
therefore occurred in this century. During that same brief decade, new forms of actual and potential conflicts over water
emerged. These include homegrown terrorist threats to water infrastructure in Afghanistan and Iraq, and a foreign terrorist
threat issued by Al-Qaida in 2003 against domestic water supply systems in the United States (Gleick, 2004).

Conflicts in this century also involve tension over water privatization and the uncharacterized and unresolved water rights
of indigenous peoples. Emerging conflicts at the nexus of water and energy as is presently happening in association with
oil sands development and unconventional oil and gas activities in Canada can also be expected (Gosselin et al., 2010).

Tensions are also very high in places where the equitable allocation of limited water is at issue. Bilateral agreements
between nations in the Middle East, for example, have not arrived at fair access to precious water supplies. For example,
even though the same basin is shared between two countries, Israel uses nearly twice as much water per capita as
neighbouring Jordan. On the other hand, Palestinian communities on the West Bank and Gaza have access to only one-
tenth of the water granted to Jordan (Zou’bi, 2011). While they may not be the direct cause of conflict, such disparities
add fuel to an already tense geopolitical situation.

While tensions over supply and allocation are serious matters in many parts of the world, water scarcity in itself is only

one potential trigger for conflict. The greatest threat to water security globally is humanity’s growing numbers, which
are exacerbating water scarcity widely.

3. Water and Population Growth

Most studies cite population growth as the principal driver of increases in the global demand for water. Although there
are uncertainties surrounding future population projections, research shows that the world population is likely to grow
by 30% between 2000 and 2025 and by as much as 50% between 2000 and 2050 (United Nations Secretary-General’s
High-Level Panel on Global Sustainability, 2012). At a minimum, the fact that the global population is expected to grow
to projections of 9.5 billion by 2050 invites questions as to whether there will be sufficient water to support population
increases of this magnitude.

The concern becomes more urgent when it is recognized that nearly all of this growth will occur in developing countries,
many of which had inadequate or barely adequate supplies to support population levels that existed in 2000. Researchers
Jury and Vaux (2007) showed that in 1995, some 18 countries were deemed water scarce in that they did not have
adequate water supplies to meet the basic needs of their population, and 11 more were water stressed in that they did
not possess adequate water supplies to meet the needs of all of their people for at least part of the year. The combined
population of these 29 countries was over 450 million (Jury and Vaux, 2007).
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Jury and Vaux project that the number of water-scarce countries could rise to 29 and the number of water-stressed
countries is anticipated to rise to 19 by 2025. The combined population of these 48 countries is estimated to be 2.9 billion
(Jury and Vaux, 2007). In addition, economic development is likely to fuel increased demands for water both directly,
as in the growth in water-consuming industries, and indirectly, in the form of dietary and other lifestyle changes which
tend to be more water consumptive.

A study of 92 developing countries (Vaux, 2012) shows that, as higher incomes drive improvements in diets around the
world, as much as an additional 5,200 cubic kilometres may be needed annually for agriculture alone by 2050. Growth
of agricultural water demand of this magnitude will put enormous pressure on existing water supplies in many parts of
the world, leaving little left to support natural ecosystem functioning or other essential ecosystem services. In short, the
picture is almost inescapably one of growing demand matched against static or shrinking supplies.

There is some urgency in responding to this important global trend. It is now recognized that in order to provide water
and other benefits to people, nature needs water, too. Water allocated to the environment is critical in supporting the
production of ecosystem services and biodiversity. The failure to supply adequate water for environmental services could
result in a decline in the capacity of the environment to provide food and to support modern agricultural practices. The
continued reallocation of water away from environmental support towards agriculture and other consumptive uses may
in fact threaten the carrying capacity of the earth itself.

Unfortunately, however, a full 40% of humanity is already competing directly with nature for water. As a result, we are
beginning to see some frightening convergences (Safriel, 2011). If nature is to have the adequate amount of water it needs
in order to provide important basic ecological services, then less water will be available for agriculture, which means
that there will not be enough food for people. If, on the other hand, priority for water allocation is given to agriculture
in order to sustain growing populations, then there will not be enough water to allow nature to sustain its fundamental,
long-term, planetary, life-supporting functions and self-regulation.

The resolution of such high stakes trade-offs and the associated conflicts such choices will generate are likely to be very
difficult to resolve peacefully, especially given that the demands for water from other sectors and for other uses is not
likely to remain static (Vaux, 2012).

Water quality and quantity concerns will become international transboundary political issues as the global agricultural
sector tries to achieve the nearly impossible goal of doubling food production while at the same time reducing total water
use by 10% by mid-century. The next wars may not be conflicts declared between sovereign states, but undeclared civil
wars between cities and surrounding agricultural regions over the timing and extent of allocations.

But water availability will not just affect food production. As has been pointed out elsewhere in this volume, water and
energy are also linked. The amount of water available to a given nation will determine its industrial capacity and the
quality of life that citizens enjoy as a result of nature receiving the water it needs to make places worth living. Prosperous
countries in the future will be those that have enough water for food, cities, industry and nature — and that know how
to ensure that each of these gets the amount of water that it needs (Solomon, 2010).

Some observers, like Solomon (2010), have argued that a new world order is about to emerge out of the collision between
population and economic growth and our planet’s rapidly changing hydrology. Already, he claims, the divide is growing
globally between those nations that have adequate water supplies to meet the current and projected needs of their
people and the landscapes upon which they live, and those that that are unable to meet these needs on a consistent basis.

This explosive fault-line is likely to widen across the entire 21% century political, social and economic landscape. Tension
between water ‘Haves’ and ‘Have-Nots’ will grow between those who control upstream water flows and downstream
neighbours who do not receive all the water they need for industry and cities. The gap will widen even more between
nations that have sufficient water supplies to grow their own food and support their growing populations, and those who
do not. As these gaps grow, we should expect greater tension over water in many parts of the world.
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4. Climate Change and the Loss of Hydrological ‘Stationarity’

All these challenges to the current status quo will be compounded in one way or another by climate change, and it will
be important for decision-makers to understand why climate change will play such a crucial role. Aside from inducing
warmer temperatures, decision-makers will need to grasp exactly how climate change will affect water security.

We have known for some time that hydro-climatic hazards such as droughts and floods have the potential to trigger
or exacerbate social tensions that may lead to intra- and inter-state conflict (Vidaurre et al., 2011). While conventional
wisdom in water policy circles today has it that growing populations and climate change do not necessarily translate into
increased water wars, the same wisdom does not apply to temperature. Higher temperatures have already resulted in lower
precipitation in North Africa, for example, and this has led to diminished agricultural production, greater unemployment
and growing unrest, especially among younger males. Scientists have modelled the connection between temperature and
conflict to demonstrate that conflict increases in lockstep with temperature. When conflict analyses and climate model
data were assimilated, they projected a roughly 50% increase in armed conflict by 2030, with almost 400,000 additional
battle deaths in Africa alone (Cullen, 2010).

Itis not only in already politically unstable regions, however, that climate change is expected to cause economic and social
disruptions. To understand why climate change is such a threat to established stability, it is important to understand the
central role that water plays in our planet’s weather and climate system.

The fundamental threat that climate change poses relates to what hydrologists call ‘stationarity’. Stationarity is the notion
that natural phenomena fluctuate within a fixed envelope of certainty, and implies stability. It is because of stationarity
that we have come to expect that winters will be so cold and summers so hot; that melt from winter snow will always
contribute roughly the same amount of water to our rivers; and that rivers will rise so high in the spring and fall so low
in autumn. Stationarity suggests that lightening will strike only so frequently, and that tornadoes will occur only at the
most extreme margins of the weather conditions we have come to expect. Stationarity provides the certainty that is
needed to build houses to withstand winds of a certain speed and snowfalls of a certain weight, and to what size to build
storm sewers because history has shown that rainstorms only last so long and only result in so much run-off. Stationarity
provides the foundation for the reliable functions of natural ecosystem processes that provide a stable and resilient
backdrop to human existence.

By assuming stationarity within a defined range, humankind has been able to create cities in which millions of people live
with security, to develop water treatment and delivery systems that provide safe drinking water to billions of people, and
to develop transportation systems that allow many people to travel anywhere in the world within a day. But the statistics
and the standards upon which these were based to create these modern miracles no longer apply. What is happening
now is that increased temperatures are altering the patterns of movement of water through the global hydrological cycle.
This means that the statistics from the past related to how surface, subsurface and atmospheric water will act under a
variety of given circumstances, and on which we have come to rely, are no longer reliable.

While it is well known that climate changes naturally over time, we have enjoyed a relatively stable period over the last
century. As a society, we have been lulled into complacency by this relative stability. During this period, we established
our own idea of the limited range of natural climate variability that we believed exists, and then built our society and
the vast infrastructure that supports it around that range. Our risk assessments were also built on these same notions of
relative stability that may now no longer exist. This mistake has made societies vulnerable, and this vulnerability is now
being compounded by climate change. The warming of our climate has altered the fixed envelope of certainty within
which we anticipated natural phenomena to fluctuate, the result of which we are seeing through increased droughts,
floods and other extreme climatic events affecting the way we live.

As of yet, there is no adequate replacement for stationarity statistics. Until a new way is found for substantiating appropriate
action in the absence of stationarity, risks will become increasingly difficult to predict or to price.
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3. The Potential for Conflict and the Exploding Time Bomb

Changes in fundamental hydrology are likely to cause new kinds of conflict, and it can be expected that both water
scarcity and flooding will become major transboundary water issues. At present, it is estimated that perhaps 25% of the
world’s major river basins run dry for part of each year (Solomon, 2010). New conflicts are likely to emerge as more of the
world’s rivers become further heavily abstracted so that they no longer make it to the sea. The prospect of the kinds of
floods that were witnessed in Pakistan and Australia in 2010 and on the Great Plains of North America in 2011 suggests
that the destruction of upstream flood protection and the failure to provide adequate downstream flood warning will
enter into global conflict formula in the future. But is it not just floods that are likely to cause conflict. Prolonged drought
as was experienced in the Horn of Africa in 2011 suggests that tensions will rise on both ends of the hydrological scale.

What this changing hydrology signifies is that it is unwise to take too isolated a view of what the anticipated impacts of
climate change will be or mean. In Canada, the thinking surrounding climate change remains linear: many still think the
effects of climate change will be local, minor and cumulative. In fact, it will not be long before climate change affects
everyone, everywhere, simultaneously compounding every regional economic, social and political disparity. As this
happens, it can be expected that the potential for general tensions and conflict over water will rise.

What humans have collectively done over time is to have quite accidentally — unwittingly, in fact — created a hydro-climatic
time bomb. The bomb has already started to tick, but no one knows when it will go off. In order to avoid conflict, society
needs to come up with solutions to quickly defuse this increasingly alarming situation.

One immediate partial solution to this problem is water conservation. It is widely accepted that water, energy and climate
are linked. This realization suggests that head-turning economic benefits can accrue to governments and the people they
serve by way of water conservation. However, in many parts of the developed world, wasteful water use is still accepted
and encouraged as a social norm. At enormous public cost, water infrastructure has been overbuilt in order to support
this wasteful norm. However, it has now become apparent that we cannot afford to maintain and replace the overbuilt
infrastructure that supports this waste, which increases the risk of public health threats and leaves societies in a very
vulnerable position.

It has become apparent that enormous amounts of energy are wasted treating and moving water. The cost of energy
is rising and cities are discovering that they can’t afford to spend up to 60% of their municipal energy budgets to move
water to where it is being used profligately. In addition, there is the realization that this wasted energy for the purpose of
wasting water is accelerating climate change, which in turn is accelerating damage to the infrastructure that cities can’t
afford to maintain or replace.

This has, unwittingly, created a positive climate change feedback loop — an obviously vicious circle that is simultaneously
bankrupting societies while compounding climate change effects. This cycle will accelerate until improved water conservation
measures are implemented and practiced by society at large, and a sense of responsibility and ownership are undertaken
for securing water for the future.

The increase in the severity and number of storms has already been noticed by the industry. Insurers are particularly
worried about the rapidly increasing rate of water-damage claims (MacGregor, 2011). In a special report on managing
the risks of extreme events and disasters, the Intergovernmental Panel on Climate Change echoed the concerns of the
insurance industry, claiming in addition that extreme weather events will have greater impacts on sectors with closer
links to climate, such as water, agriculture and food security, forestry, health and tourism (IPCC, 2012). The report also
went on to point out that opportunities exist to create synergies in international finance for disaster risk management
and adaptation to climate change, but that these have not yet been fully realized (IPCC, 2012).

The wastefulness of some developed countries with respect to water and related energy use puts into relief the challenge
we face in supplying water to the 1 billion people on earth who do not have a safe and reliable daily supply. It also speaks to
the challenge of serving the additional 2 billion people on this planet who do not have daily access to adequate sanitation.
Industry examples suggest that for every dollar saved in water use in the developed world, as much as four dollars more
is saved on chemical, electricity and energy costs (Fishman, 2011). If such savings could somehow be directed in part
towards water infrastructure development in the developing world, the improvements in human well-being would go a
long way in reducing the potential for conflict over matters of water supply and quality in the future.
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Conclusion

There is a sense now of what is ahead. The loss of stationarity that is occurring is likely to be far more costly than what has
ever been projected. But, because of the recent economic meltdown, societies and governments now find themselves in
a situation in which economic recovery cannot be sustained if climate change mitigation is pursued too rapidly. This adds
yet another level of vulnerability to the already substantial list of potential areas of conflict over water security: the 1
billion people without access to safe, reliable water supplies; the 2 billion people without adequate sanitation; the serious
issues related to how much water will be needed to feed growing populations; the growing number of rapidly expanding
mega-cities; the layer of contention related to growing transboundary water issues; and, the expected changes that will
result in a warmer climate. From this, take away all the polluted water that is now unfit for other use and the amount of
water that will be needed to produce energy and food, and support industry and growth. The results point unerringly in
the direction of greater conflict over water.

Fortunately, we know that solutions exist, and we are employing many of them. More than ever, our global strategy makes
sense. To avoid future conflict, we need to get to the root of the problem, and the goal must be to provide water security
for the poor — everywhere. We must extend coverage of potable water and sanitation to all, and concentrate on improving
its reliability for all. Even in difficult economic times, we must recognize the high economic, social, environmental, health
and political costs of failing to do so.

The Global Water Crisis: Addressing an Urgent Security Issue



References

Cullen, H., 2010. The Weather of the Future. Heat Waves, Extreme Storms, and Other Scenes from a Climate-Changed Planet.
HarperCollins.

Dinar, A., 2004. Cooperation in Managing Transboundary Water Resources: Evaluation Approaches and Experiences. Paper
presented at the Fourth Biennial Rosenberg International Forum on Water Policy, Ankara, Turkey, September 3-9, 2004.
Available at: http://rosenberg.ucanr.org/documents/TransboundaryWaterResources.doc.

Fishman, C., 2011. The Big Thirst. The Secret Life and Turbulent Future of Water. New York: Free Press.

Gleick, P.H., 2004. “Environment and Security: Water Conflict Chronology, Version 2004-2005” in The World’s Water. The Biennial
Report on Freshwater Resources, 2004-2005. Washington, D.C.: Island Press, pp. 234-255.

Gleick, P.H., 2009. “Water Conflict Chronology, Version 2004-2009” in The World’s Water. The Biennial Report on Freshwater
Resources, 2008-2009. Washington, D.C.: Island Press, pp. 151-193.

Gosselin, P. et al., 2010. The Royal Society of Canada Expert Panel: Environmental and Health Impacts of Canada’s Oil Sands Industry.
Ottawa, Canada: The Royal Society of Canada.

IPCC, 2012. “Summary for Policymakers” in Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J.
Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (Eds.), Managing the Risks of Extreme Events and Disasters
to Advance Climate Change Adaptation. A Special Report of Working Groups | and Il of the Intergovernmental Panel on
Climate Change. Cambridge, UK and New York, USA: Cambridge University Press, pp. 1-19.

Jury, W.A. and H.J. Vaux Jr., 2007. “The Emerging Global Water Crisis: Managing Scarcity and Conflict between Water Users”, Adv.
Agron. 95: 1-76.

MacGregor, A., 2011. Insurers Worried About Recent Water Damage. Colonial Times [online] 31 August, 2011. Available at: http://
www2.canada.com/victoriatimescolonist/news/business/story.html?id=310d146a-5ef6-4a84-bb0a-4dc3911802a7.

Milly, P.C.D., J. Betancourt, M. Falkenmark, R.M. Hirsch, ZW. Kundzewicz, D.P. Lettenmaier and R.J. Stouffer, 2008. “Stationarity Is
Dead: Whither Water Management?”, Science 319: 573-574.

Prud’homme, A., 2011. The Ripple Effect. The Fate of Freshwater in the 21 Century. Scribner.

Safriel, U., 2011, “Balancing Water for People and Nature” in Garrido, A. and H. Ingram (Eds.), Water for Food in a Changing World:
Contributions from the Rosenberg International Forum on Water Policy. New York and London: Routledge, pp. 135-170.

Solomon, S., 2010. Water. The Epic Struggle for Wealth, Power, and Civilization. HarperCollins.

United Nations Secretary-General’s High-Level Panel on Global Sustainability, 2012. Resilient People, Resilient Planet: A Future Worth
Choosing. New York: United Nations. 99 pp.

Vaux, H. J., 2012. “Water for Agriculture and the Environment: The Ultimate Trade-off”, Water Policy [in press].

Vidaurre, R. et al., 2011. Climate Change, Hydro-conflicts and Human Security: Achievement of and Gaps in Current Policies. 1% Policy
Brief. EU: Ecological Institute.

Wolf, A., 1999. “Water Wars and Water Reality: Conflict and Cooperation along International Waterways” in Lonergan, S. (Ed.)
Environmental Change, Adaptation, and Security. Doredect, The Netherlands: Academic Press.

Zou’bi, M., 2011. Water Issues in the Jordan River Basin. Paper presented by the Secretary-General of the Islamic World Academy to

the Interaction Council’s High-Level Expert Group Meeting “The Global Water Crisis: Addressing an Urgent Security Issue”,
Toronto, Canada, March, 2011.

Will the Next Wars Be Fought Over Water?

17



1.2 Water Impacts on Energy Security
and Reliability

Mike Hightower
Distinguished Member of the Technical Staff,
Sandia National Laboratories, USA




Introduction

Water is an integral part of energy development, production, and generation. Water is used directly in hydroelectric
power generation and is used extensively for thermoelectric power plant cooling and air emissions control. Water is also
used extensively in energy-resource extraction, refining, and processing, as well as for energy resource transportation.
Therefore, as global energy consumption continues to increase, to as much as 50% by 2030, the demand for water supplies
and resources to support this growth will also increase. This will place the energy sector into greater competition with
other water users for already limited freshwater resources in many regions of the world. This competition for water
resources will impact future energy development and could have significant impacts on energy reliability and energy
security in regions around the globe.

1. Developing Trends in the Water-Energy Nexus

While the issues of the interdependencies between energy and water were highlighted in initial studies in the United
States (DOE, 2007), concerns over energy and water security and reliability are being recognized worldwide by energy
officials, energy and water managers, and the scientific community. For example, the World Economic Forum published
a report in early 2009 discussing concerns about water demands for energy and the potential global impacts that could
occur to long-term energy availability, reliability, and security (WEF, 2009). Likewise, the World Energy Council in September
2010 published a report on Water for Energy, highlighting “[i]n recent decades, the combination of more users, with
more uses of water, has transformed the traditional water-energy ladder that underpins all human, social, and economic
development into an escalator” (WEC, 2010: 4). As nations try to balance the demands and availability of water resources
to support human health and economic development in the coming decades, it is clear that the water footprint, like the
carbon footprint, will become an increasingly critical factor influencing nations as they consider future energy system,
resource, and technology approaches to better support secure, reliable, and sustainable energy development worldwide.

Unfortunately, the current trends in energy development could significantly increase, rather than decrease, the water
footprint. The projected water demands for electric power generation needed to meet carbon emission goals, especially
for current carbon reduction, capture, and sequestration technologies, are twice as intensive in terms of water use
and consumption as typical electric power generation technologies. Likewise, the trend towards the use of alternative
transportation fuels — such as biofuels, oil shales, oil sands, coal-to-liquids, and hydrogen — to reduce fuel imports in
many regions, can be anywhere from three to ten times more water use intensive than traditional fossil fuels. If irrigated
agriculture is used for biofuels, the water use intensity per gallon or litre of fuel can increase by over 600 times. Also,
the water use for hydraulic fracturing of gas shales for the development of new natural gas supplies can exceed 5 million
gallons (20 million litres) of water per well. Therefore, the current trend in the utilization of energy resources that will
significantly increase water use and consumption will intensify competition for already limited freshwater resources in
many regions of the world.

While many of the efforts noted are being considered as a way to increase the utilization of local domestic energy resources,
reduce energy imports and carbon footprints, and improve energy security, in reality these solutions will negatively
impact water availability and actually reduce future energy reliability and security. Therefore, technology and energy
system improvements and innovative energy supply and resource utilization approaches are needed that will reduce the
freshwater footprint and overall water use of both current and emerging energy resource utilization and development
options. The water-related energy concerns and improving regional energy reliability and security can be addressed in
a number of ways, including by: developing additional surface water storage infrastructure and groundwater supplies;
transferring water from the agricultural sector or from different regions; improving water conservation and water use
and reuse efficiency in the energy and other industrial and domestic sectors; improving and integrating water and energy
planning; or, by using non-traditional water resources, such as saline and wastewater, to offset freshwater use.

To provide a general overview of the relative scale of the emerging energy and water interdependencies and resulting security
issues in many regions across the globe, emerging energy-water issues and challenges in the United States and recent efforts
to assess potential energy and water conflicts are highlighted in this paper. Also presented are some of the major directions
identified in a series of regional workshops in the United States with over 500 water, energy, industry, environmental,
regulatory, and economic development professionals to reduce the water footprint of the energy sector, and reduce the
impact of future competition over water resources and the impact of water shortages on energy reliability or security.
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2. Emerging U.S. Energy-Water Issues and Challenges

In 2005, the U.S. Congress funded the Department of Energy to prepare an energy-water report to Congress® to identify
and quantify emerging energy and water challenges and interdependencies, and to conduct a series of regional workshops
to identify the science and technology needed to address and reduce the identified emerging energy and water challenges.
Both efforts were coordinated by Sandia National Laboratories with support from all the U.S. national laboratories, the
U.S. Department of Energy, and from an external advisory board composed of federal water agencies including the U.S.
Geologic Survey, the Bureau of Reclamation, the U.S. Environmental Protection Agency, energy and water research agencies
such as the Electric Power Research Institute, the Water Research Foundation, and the Water Reuse Foundation, the
University of New Mexico’s Utton Center (a transboundary water law center), and indigenous groups. The information
collected from both efforts is available on the Sandia web site at www.sandia.gov/energy-water.

As identified in the U.S. energy-water report to Congress, over 50% of current daily water withdrawals in the U.S. and
about 25% of all current daily non-agricultural freshwater consumption are for energy-related uses (DOE, 2007). As the
population and economy of the U.S. grow, the demand for both energy and water are also expected to grow. While the
water needs to meet the growth for electric power generation and production of transportation fuels will depend on the
type and number of power plants built, cooling technologies used, air and carbon emissions capture and sequestration
requirements, and the type and quantity of alternative fuels used, estimates suggest that water consumption in the energy
sector could grow by a factor of three to four by 2035, increasing from about 4.3 billion gallons of water per day (BGD)
(17 billion litres per day) in 1995, to about 12-15 BGD (47-60 billion litres per day) by 2035 (Pate, 2007; NETL, 2008). This
would make the energy sector the largest non-agricultural water-consumption sector in the U.S.

The projected growth in water demand for energy generation and development over the next two decades will occur at
a time when the nation’s freshwater supplies are becoming increasingly stressed. These water issues were summarized
in a U.S. General Accountability Office report on water availability:

“National water availability and use has not been comprehensively assessed in 25 years, but current trends
indicate that demands on the nation’s supplies are growing. In particular, the nation’s capacity for storing
surface-water is limited and groundwater is being depleted. At the same time, growing population and
pressures to keep water in stream for fisheries and the environment places new demands on the freshwater
supply. The potential effects of climate change also create uncertainty about future water availability and
use” (GAO, 2003: 1).

Figure 1 summarizes the results of a survey of state water managers in the U.S. showing a general, nation-wide, concern
about future water shortages by 2013 under average water supply conditions (GAO, 2003). According to the GAO survey,
36 of the 47 states responding expect some portion of their state to experience shortages under average climate conditions
by 2013 (GAOQ, 2003). Water managers indicated that their states were vulnerable to shortages because: they did not
always have the infrastructure to store and distribute water when and where it was needed; they are relying more on
groundwater supplies that are being depleted; or, because population growth has outpaced existing water storage and
delivery capacity in some regions of their states.

The data in Figure 1 highlight the growing concerns over freshwater supplies in the U.S., and suggest that water problems
are no longer just a concern in the southwestern U.S. but that they have become a national concern. While the data in
Figure 1 shows a growing national concern about water supplies, even more important might be the impact of drought
conditions on water supplies and impacts on energy development. Figure 2 is a map of the nominal periods of severe
and extreme drought in the U.S. by region for 1895-1995 using the Palmer Drought Severity Index (PDSI), prepared by
the U.S. National Drought Mitigation Center, and is available online?.

1 U.S. Department of Energy, 2006. Energy Demands on Water Resources. Report to Congress on the Interdependency of Energy and Water.

2 See: http://drought.unl.edu/Planning/Monitoring/HistoricalPDSIMaps.aspx.
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Figure 1. States with expected water shortages by 2013 under average climatic conditions (GAO, 2003).
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Figure 2. Percentage of time watershed:s in severe or extreme drought 1895-1995 (National Drought Mitigation Center,
2012).

The data in Figure 2 suggest that severe to extreme drought is likely to occur from 10% to greater than 20% of the time
in much of the western U.S., and occur 5%-10% of the time in much of the eastern U.S. This means that in many places,
droughts will occur once every 5 to 10 years, which will put even greater stress on water resources than identified in Figure
1. According to the GAO study (2003), the water shortage effects are expected to broaden under drought conditions, with
46 of the 47 state water manager respondents suggesting that their states are expected to experience water shortages
under drought conditions. In 40 of those states, the projections were for regional to state-wide water shortages, this
despite many efforts in place to prepare for these shortages. These results suggest that the competition for increasingly
limited water resources in many parts of the U.S. will not only will be exacerbated by droughts, which are quite common,
but will likely impact current and future regional energy developments and therefore negatively impact current and future
energy supply reliability and security.
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These projections have played out in three recent major regional U.S. droughts. The first example was a drought in the
northeastern U.S. from Maryland through New York in 2006 and 2007, where the drought impacted water availability for
many power plants. While that drought was relatively short-lived and local in extent, the concern about water availability
for electric power made many river basin management authorities, such as the Susquehanna River Authority, reassess
water management, supply, and priority options as they relate to energy generation.

A second example with a more acute concern was the 2007-2008 drought in the southeastern U.S., covering states from
Florida to Mississippi and up through Georgia and Tennessee. As highlighted in Figure 3, during that drought, 24 of the
104 U.S. nuclear reactors were in danger of having to shut down or curtail power production because of the lack of cooling
water or low cooling water intake levels as a result of major surface water supply shortages.
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Figure 3. Nuclear power plants impacted by cooling water availability in January 2008
during the drought in the southeastern United States (Associated Press, 2008).

In the end, only a few nuclear power plants were directly impacted before a hurricane brought much needed rainfall to
the whole region. But concerns over water supply availability and reliability for the next drought, which is sure to come,
is a nagging concern, especially in this region where significant population and industrial growth is expected, which will
continue to increase competition for limited water resources.

A third example is the current 2011-2012 drought in Texas. This drought is currently of epic proportions in a state that
is accustomed to drought conditions. If the current drought conditions continue through March 2012, Texas will have to
consider reducing power production in up to 15 power plants because of the lack of cooling water. If additional precipitation
does not occur by June, and current climate forecasts indicate that they will not, then Texas will likely have to curtail power
production at as many as 30 power plants because of the lack of cooling water supplies. This concern is compounded
by the fact that Texas essentially has its own, independent regional grid that is minimally linked to other states which
prevents it from being able to import sufficient supplies of electric power to minimize power outages. Additionally, these
reductions in electric power production will come at the time of peak power demand for Texas, during the hot humid
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summer months. To alleviate the concerns over water supplies and their impacts on energy supply, water managers may
be required to take draconian measures on the distribution of water resources which will have significant social, health,
and economic impacts on Texas and its neighbouring states.

Another type of energy and water example, although not related to electric power generation, is the emerging interest is
natural gas from gas shales. The potential natural gas supplies estimated from shale resources is staggering, with estimates
of reserves suggesting that North America may have upwards of a 100-year supply of natural gas, and with other regions of
the globe having equally large potential reserves. Currently, the ability to access these natural gas supplies requires the use
of horizontal drilling and hydraulic fracturing of the shale, technologies that have been developed and used extensively over
the past 30 years. A major concern of gas shale development however is the ability to identify renewable and sustainable
water supplies for the hydraulic fracturing process, since anywhere from 2-6 million gallons (8-24 million litres) of water
are required for the hydraulic fracturing in each well (Mantell, 2009). Also, the water recovered after fracturing can be
extremely high in salts, presenting not only water quantity but also wastewater quality concerns. In regions with readily
available supplies of water, extensive gas shale development might not be a major issue, but in areas with water supply
concerns, essentially those states highlighted in Figure 1 with regional water issues, gas shale development will be a new
competing demand for already limited water supplies. With the interest in natural gas as a lower carbon technology
applicable for use in both power plants and as a transportation fuel, there could be significant economic and environmental
pressure to accelerate gas shale development, at the expense of other competing water demands.

3. Addressing U.S. Energy-Water Challenges

While the U.S. energy-water report to Congress focused on identifying emerging challenges and concerns overs U.S. energy
and water interdependencies, the regional workshops focused on energy and water needs from a broad spectrum of
disciplines, and identified research efforts needed to minimize future conflicts between energy and water development
and foster more reliable and sustainable use of these two very important natural resources. More than 500 participants
representing federal, state, local and tribal water and/or energy agencies, water and energy managers, water and energy
utilities and industrial associations, environmental groups, technology developers, and academia from across the U.S.
participated in the energy-water workshops that took place between November 2005 through May 2006. Based on these
workshops, three major directions to address the emerging challenges of the energy and water interdependencies were
identified. A short overview and summary of the energy research needs and directions suggested have been published
by Sandia (Pate et al., 2007), and presented in additional summary papers (Hightower, 2010a and 2010b; Hightower and
Pate, 2011) for various technology areas. The three major science and technology research and development directions
identified from the workshops are summarized below.

e Reduce freshwater use in electric power and transportation fuels development. Several renewable energy
technologies and alternative cooling approaches for thermoelectric power plants exist that could reduce water
consumption for electric power generation. Improving dry, hybrid, and other alternative cooling technologies
and carbon sequestration approaches could lower future water consumption. Likewise, research to address the
issues limiting implementation of renewable energy technologies that have low water use, such as electric grid
integration, cost, and dispatchability, could accelerate their use, reducing both water consumption and carbon
emissions which are important system-level operational requirements. Finally, since virtually all alternative
transportation fuels currently being considered will increase freshwater consumption, any major scale-up of
alternative transportation fuels must consider approaches that use less fresh water and improve water use
efficiency in growing, mining, processing, and refining future fuel resources. Also, opportunities to reduce the
use of water, the use of non-fresh or wastewater or recycled water for gas shale development will be a major
opportunity in many areas.

e Develop materials and water treatment approaches to enable non-traditional water use in energy generation
and refining. With limited freshwater supplies, wastewater reuse and non-traditional water use including sea
water, brackish groundwater and produced water, could be increased to meet water demands in many sectors.
New water treatment technologies will be needed that can meet the water quality requirements at much
lower energy use. Improvements in materials that minimize fouling would reduce the need for higher quality
waters, significantly expanding opportunities to replace fresh water with lower quality waters. A wide range of
technology improvements in organics removal, bacterial treatment and disinfection, reduction of membrane
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fouling, and improvements in salt removal and concentrate management and reuse, are areas where technological
improvements could significantly reduce energy use in water treatment and pumping, as well as accelerate the
use of non-traditional water resources by the energy sector.

e Improve water assessment, and energy and water systems analysis and decision tools. Compounding the
uncertainty of available water supplies is a lack of data on water consumption. Without water consumption data,
it is impossible to accurately determine resources available for use. Improved water data collection, better water
monitoring and sensors, and improved assessment of non-traditional water resources are needed to effectively
quantify our water resources. Also, improved decision support tools and systems analysis approaches are needed
to help communities and regions better address emerging challenges for the demand and availability of natural
resources such as energy, water, land, and environment. Tying improved water availability data with decision
support and planning tools would improve collaboration on energy and water planning and support system-level
solutions that can improve energy reliability while at the same time reducing freshwater consumption.

Conclusions

While the final report on the energy-water research priorities for the next decade for the U.S. Department of Energy
has not yet been published, the data presented in the Pate report (2007) does provide a reasonable overview of the
global energy and water research directions and technology improvements needed to reduce the water footprint of
future energy development in the U.S. Similar energy and water challenges and research needs have been identified and
highlighted in recent studies in many countries and regions including Canada, Australia, Europe, and Asia (WEC, 2010;
WEF, 2009; Kenway et al., 2009). As nations try to balance the demands and availability of water resources to support
human health and economic development in the coming decades, developing technologies and approaches that reduce
the water footprint of the energy sector will become an increasingly critical factor in maintaining national, regional, and
global energy reliability, security, and sustainability.
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Introduction

Water, economic and environmental security are inherently interconnected. Human life is intimately linked to, and utterly
dependant on, the functions and services provided by freshwater ecosystems. Safe, reliable water supplies, flood protection,
commercial and subsistence fisheries, cultural and spiritual values — the very foundations of economic development and
human well-being — all depend on maintaining the integrity of the planet’s aquatic ecosystems.

Yet there is a paradox in this interconnectedness. The current pace and scale of human development is altering the
hydrological cycle in ways that has eroded the capacity of ecosystems to provide life-sustaining functions and services.
Rivers that for centuries ran from source to sea now run dry in many years due to damming, diversion and depletion of
water resources. In many areas, groundwater extraction is occurring at rates that exceed replenishment. In the face of
rising water demands for energy, agricultural, industrial and social development, securing sufficient water to sustain the
life-supporting functions and services of the world’s rivers, lakes and wetlands is among the most significant challenges
of the 21% century.

1. Water and Environment in the Anthropocene

In 2011, the world’s population reached 7 billion people. Global economic output in 2010 was estimated at approximately
US $63 trillion per year (World Bank, 2012). This scale of development is directly linked to humans’ increasing hydrological
ingenuity — the ability to manage and manipulate freshwater resources and ecosystems to meet society’s needs and desires
for food and fibre, energy, and urban growth and industrialization. In 1950, there were 500 large dams on the planet; today,
there are over 45,000. This translates to an average of two large dams constructed every day for half a century (Postel,
2010). What’s more, the amount of water impounded behind dams and other structures has quadrupled since 1960. In the
same period, withdrawals of water from surface water sources have doubled (Waughray, 2011). Globally, approximately
3,800 km?3 of fresh water is extracted from aquatic ecosystems per year (Boelee, 2011); that is enough water to keep the
Nile River flowing for approximately 43 years. More than half of this water is not returned to the watersheds from which
it was withdrawn; it is either diverted elsewhere via canals and pipelines, or lost to evaporation (Balmford et al., 2008).

Reflecting on this massive transformation and re-engineering of the planet’s aquatic environment, Meybeck (2003) claimed
that the global freshwater cycle has entered the Anthropocene?. Indeed, humans are now the dominant force driving the
earth’s hydrological cycle, altering global-scale river flow and hydrological processes including the patterns, intensity and
timing of precipitation and evaporation (Rockstrom et al., 2009). Nearly 60% of the world’s major watercourses have been
dammed (UNEP, 2010). When combined with massive and growing withdrawals from surface and groundwater sources,
the impacts are striking. It is estimated that 25% of the world’s river basins run dry before reaching the oceans (Molden
et al., 2007). Globally, freshwater biodiversity has declined 35% since 1970, a greater rate of decline than observed in
terrestrial or marine ecosystems (WWF, 2010).

2. Water Scarcity and Ecosystems: Crisis and Competition

These global trends are the product of myriad local and regional water crises. Increasingly, communities, industry and
agriculture are seen to be in competition with nature for finite water supplies. The shrinking Aral Sea in Central Asia is
one of the best recognized examples of this crisis and competition. Once the world’s fourth largest inland body of water,
the Aral Sea has lost 80% of its water since the rivers that feed it, the Amu Darya and Syr Darya, were diverted to provide
irrigation water for a burgeoning cotton industry. Where there was once a thriving, productive ecosystem that supported
prosperous fishing livelihoods, there is now a parched inland seabed dotted with rotting and rusting ships. The Colorado
River provides a similar cautionary tale. Over-abstraction of water resources and a vast system of dams and diversion
infrastructure have radically reduced and altered natural river flows. What was once one of the world’s great desert river
deltas has shrunk from nearly 1.5 million to 150,000 acres, and biological productivity, including a once flourishing fishery,
is currently estimated at one-fifteenth of its former capacity (UNEP, 2010).

! The Anthropocene is a proposed new geological epoch marked by the moment at which humans became the dominant driver of change to Earth’s
system (Steffen et al., 2007).
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The Aral Sea and Colorado River are just two of a growing number of water crises illustrating that, for much of the 20®
century, an important stakeholder has been left out of the water security dialogue: nature. Development of water resources
has progressed with little attention to assessing and addressing the water required to sustain the integrity of freshwater
ecosystems, or what is commonly referred to as environmental flow. Environmental flow refers to the quantity, timing
and quality of water flows required to sustain freshwater and estuarine ecosystems and the human livelihoods and well-
being that depend on these ecosystems (Brisbane Declaration, 2007). The concept is founded on the recognition that the
natural variability of freshwater flows is the ‘master variable’ underpinning aquatic ecosystem health, and that there are
limits to the extent to which these patterns can be altered before aquatic ecosystems become compromised (Hirji and
Davis, 2009; Postel and Richter, 2003; Poff et al., 1997).

Global water scarcity assessments, which have traditionally focused on the relationship between water availability and
human water demand, are evolving to better incorporate ecological water requirements (Smakhtin et al., 2004; Hoekstra
et al., 2012). Applying a new approach that incorporates ecological water requirements, Hoekstra et al. (2012) categorized
water scarcity from low to severe on a monthly basis for over 400 river basins that together account for 69% of global
run-off, 75% of the world’s irrigated area, and 65% of world population. Comparing human water use to estimated
ecological water requirements on a monthly rather than on an annual basis provides a clearer picture of the realities of
water scarcity and security because it better reflects the natural dynamic character of the hydrological cycle, and the
variability in human water use over the course of a year.

In 50% of the basins studied, it was found that there was severe water scarcity during at least one month of the year,
impacting approximately 2.7 billion people (Hoekstra et al., 2012). In 35 of the basins, there was severe water scarcity
for at least half of the year, impacting almost 500 million people. Clearly, increasing incidences of local water crises will
add up to water scarcity and ecosystem impacts on a global scale.

Government water policies around the world are evolving to address and avert these crises by better incorporating
environmental flow considerations into water allocation, river basin planning and hydropower developments. However,
while governments and water management agencies are making some progress in developing policies and laws to
recognize environmental flow needs, so far progress has typically remained at the stage of policy and debate rather than
implementation (Le Quesne et al., 2010).

3. From Crisis and Competition to Harmonization

The challenge of water security is to move beyond crisis and competition to a situation where the water requirements of
people and those of the natural environment are harmonized (UNEP, 2010). This is now being reflected in most contemporary
definitions of water security. For example, de Loé and Bjornlund note that “water security exists when sufficient water
of good quality is available for social, economic and cultural uses while, at the same time, adequate water is available to
sustain and enhance important ecosystem functions” (de Loé and Bjornlund, 2010: 43). According to a recent UN report,
“[w]ater security represents a unifying element supplying humanity with drinking water, hygiene and sanitation, food
and fish, industrial resources, energy, transportation and natural amenities, all dependent upon maintaining ecosystem
health and productivity” (UNEP, 2009: 47). The decision is not about providing water for nature or people; it is a matter
of satisfying both: water for nature is water for people. Translating this principle into water management practices will
require a greater recognition of the value of ecosystem goods and services to human well-being and a framework to
ensure adequate environmental flows are provided to sustain these goods and services over the long term.

3.1. The Value of functioning aquatic ecosystems

Healthy freshwater ecosystems provide some of the largest ecosystem contributions to human welfare. The wide range
of goods and services they provide include: provisioning services, such as water supplies for irrigation, industries, cities,
and homes, wood and fibre, and fish, waterfowl, mussels, and other foods; regulating services, such as flood mitigation,
pollution dilution, water purification, groundwater replenishment and sediment transport and retention; cultural services,
such as recreational opportunities and aesthetic and spiritual values (e.g. rivers and their landscapes being icons of
cultural and religious heritage); and, supporting services, such as nutrient cycling, primary production, habitat provision,
and biodiversity maintenance (Arthington et al., 2010; Postel and Carpenter, 1997).
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Economic analyses of ecosystem goods and services are an increasingly common tool for informing decisions about
water resources development and aquatic ecosystem conservation. Globally, the value of ecosystem goods and services
provided by wetlands has been assessed at US $15 trillion in 1997 (MA, 2005). At a regional scale, the value of ecosystem
goods and services provided by the wetlands of the lower Danube River in Romania and Bulgaria, for example, has been
estimated at € 250 to € 1,354 (US $348 to US $1,883) per hectare?. This includes a range of goods and services including
fish, reeds and crops, water purification and regulation (e.g. flood management) as well as recreation and tourism (Tucker
et al., 2010). Similarly, it is estimated that the ecosystem services provided by lakes and rivers in Canada’s Mackenzie
River Basin have a value of CAD $189 billion per year (Anielski and Wilson, 2010).

Economic considerations also expose the benefits, and the real costs, of restoring aquatic ecosystem integrity. For example,
a study concluded that restoration of the Laurentian Great Lakes — the world’s largest freshwater ecosystem — would
lead to direct economic benefits of US $6.5 to US $11.8 billion from tourism, fishing, and recreation (Austin et al., 2007).
Lessons from Australia paint a stark picture of the cost of returning water to an overdrawn ecosystem, where AUD $8.9
billion has been allocated to restoring environmental flows in the Murray-Darling basin by returning 2,750 gigalitres of
water to the river by 2019, including AUD $3.1 billion to purchase water licenses back from water users (MDBA, 2011;
Australian Government, 2010)3. This illustrates, quite clearly, the benefits of preventive and precautionary approaches
to water policy that explicitly recognize the value of securing water for nature while also allowing for it to meet the needs
of society for development.

3.2. Sustainability boundaries: Securing nature’s water needs

The sustainability boundary concept provides a framework for securing the water required to sustain the functions and
productivity of freshwater ecosystems (Postel and Richter, 2003). Figure 1 illustrates how the concept was derived. As
water use and related impacts increase over time, demands on aquatic ecosystems approach limits that, if surpassed,
will erode their capacity to deliver valued ecosystem goods and services. Under this approach, ecosystem integrity is a
central focus and an explicit goal of freshwater policy and management. When the sustainability boundary is reached,
water withdrawals and further alteration of flows must cease in order to sustain ecosystem functions and productivity. In
contrast, traditional approaches to water management tend to focus almost exclusively on the role of fresh water as an
input to economic production, with water demands for agricultural and industrial activities, municipal water supplies and
hydropower generation taking priority over the role of water required to support ecosystem functioning and productivity.

Sustainability boundary

Figure 1: Sustainability boundary concept (Postel and Richter, 2003: 39).

To translate the sustainability boundary concept into operational water management, Richter (2010), drawing on the science
of environmental flows, proposed a boundary-setting approach that reflects the natural dynamics of the hydrological cycle.
The intent is to specify limits aimed at better harmonizing human water uses with the natural variability of freshwater
flows. In an effort to further advance implementation of sustainability boundary approaches, Richter et al. (2011)
proposed a presumptive standard for environmental flow protection. While the science of environmental flows is well

2 Note: US dollars based on 7 March, 2011 exchange rate of 1 EUR = 1.39 USD.

3 The remaining AUD $5.8 billion is allocated to programmemes aimed at improving irrigation and water management infrastructure.
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developed, issues of cost, time and access to scientific expertise are major limitations to the widespread implementation
that is desperately needed to protect and restore the planet’s aquatic ecosystems. The presumptive standard approach
provides quantitative targets for sustainability boundaries as percent deviations from natural flow conditions. A high level
of ecological protection is provided when flow alterations are maintained within 10% of the natural flow; a moderate
level of protection is provided when flow alterations are maintained within 10-20% of natural flow; and, moderate to
major changes in ecosystem integrity are to be expected if alterations to natural flow exceed 20% (see Figure 2). The
approach, considered to be conservative and precautionary, is proposed as an interim measure to streamline and expedite
environmental flow assessment, while maintaining scientific credibility, until a more in-depth study can be undertaken.

Moderate Level of
Ecological Protection:
+/- 11-20% from natural
Natural flows
High Level of (undepleted and unregulated)
Ecological Protection:
+/ 0 10% from natural

Increasing Ecological Risk

River Flow

Increasing Ecological Risk

Day of Year

Figure 2. The Sustainability Boundary Approach (SBA) incorporating the presumptive standards for environmental
flows (Richter et al., 2011).

4. An Implementation Agenda

Global water analyses have advanced to reflect both human and environmental water security. Water policy in many
countries, such as Mexico, South Africa and Australia, is evolving to better address environmental flows and aquatic
ecosystem integrity (Le Quesne et al., 2010). But the ultimate success of these efforts will be reflected in the actual
preservation and restoration of the integrity, productivity and resilience of the planet’s aquatic environment. Realizing
success will require a sustained effort to move from assessment and policy development towards a global implementation
agenda. It is proposed that such an agenda be framed by three overarching objectives:

e Conserving the planet’s remaining functioning freshwater ecosystems. Only one-third of the world’s 177 large
rivers — those over 1,000 km in length — remain free-flowing from source to mouth, unimpeded by dams and
other obstructions. Only 21 retain a direct connection to the sea (WWF, 2006). Protecting the planet’s remaining
strongholds of freshwater biodiversity and ecosystem functioning is a critical, but often overlooked, aspect of global
water and environmental security. There is a growing need to identify priority areas for freshwater ecosystem
conservation and strict ‘No-Go’ zones where disruptive infrastructure such as dams and diversions and large-
scale water withdrawals should be prohibited. Some important questions that need to be addressed include:
which remaining rivers or river stretches should be kept free flowing; which remaining native wetlands should
be maintained in a largely undisturbed condition; and, what extent of freshwater coasts should be protected
from major development.
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e Managing for sustainability. Despite significant negative impacts on aquatic ecosystems globally, in many areas
there still remains a significant opportunity to set sustainability boundaries before they are surpassed. It is much
less costly and far less controversial to establish sustainability boundaries before crises, conflict and the need
for costly mediation processes arise. The presumptive standard approach provides a low-cost, science-based
and precautionary approach for taking action. Further, establishing sustainability boundaries can be a driver
for sustainable economic development by creating incentives to improve water productivity — to derive more
economic and social benefits from the water available within the sustainability boundary — which will, in turn,
spur innovation and economic development in the water technology and management sectors.

e Restoring what has been lost. Where ecosystems have been degraded, re-establishing the production of ecosystem
goods and services may be possible and will depend upon the capacity for and feasibility of restoration efforts.
Ecosystem restoration is a component of a broader notion of a restorative economy in which employment
opportunities and wealth generation are the result of society’s efforts to restore and sustainably use the earth’s
natural capital (Hawken, 1993). Large-scale restoration of aquatic ecosystems is the most challenging element
of global water security, yet action is increasing. For example, large-scale restoration of environmental flows in
the Kafue River in Zambia is underway to enhance ecosystem health and human livelihoods that were impacted
by the construction of two dams that drastically altered the natural flood patterns in the Kafue Flats, a highly
productive wetland complex. The consequences for human and ecosystem health included a drastic reduction
in Kafue lechwe, a type of antelope endemic to the Kafue Flats, the disappearance of elephants, rhinoceroses,
giraffes and wild dogs from the area, lower fishery yields, and reduced availability of grazing land. Recognizing
the need for change, new operational rules have been developed for one of the dams (the Itezhi-tezhi Dam) to
restore more natural flows and improve conditions for wildlife and local people (WWF, 2004).

Moving such an implementation agenda forward will require a far greater investment of social capital, potential for innovation
and financial resources than is currently directed to water issues. Successfully securing the health and productivity of
freshwater ecosystems will also require greater integration of water policy and management with other pressing global
issues such as climate change, population growth and migration, and food and energy security.

Conclusion: A Secure Water Future for Nature and People

The lives, livelihoods and well-being of people and the health of the environment are interrelated and interdependent.
Social, cultural and economic systems cannot be separated from the ecosystems of which they are a part and that provide
them with natural resources and life-sustaining services. Where an adequate flow of clean fresh water is ensured for the
environment, it subsequently benefits people and communities by enhancing their health and well-being (UNEP, 2010).
Rivers that do not flood adequately do not produce the fish biomass upon which communities may be reliant; wetlands
that are drained do not attenuate flood waters that can result in downstream flood damage; and lakes that are polluted
do not provide recreational opportunities.

Humanity is at a watershed moment. Ultimately, the challenge of water security cannot be approached only as a problem-
solving exercise — it is about fundamentally redefining and reshaping humanity’s relationship with water as it flows through
communities, economies, and the ecosystems that sustain them. Addressing this challenge demands that human society
envision and enable new ways to live in harmony with the natural water cycle. In fact, when considering the need to
feed, clothe and provide energy for another 3 billion people on the planet by 2050 while also sustaining the health of
rivers, lakes and wetlands — all with the same amount of water available today — the challenge may be more accurately
described as a moral and ecological imperative for now and for the future.
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Introduction

Water is an essential resource that affects environmental, economic and social systems. This resource, whether in the
form of surface water or groundwater, is under increasing pressure through increased demand, which is being driven
by population growth and changing lifestyles, direct anthropogenic stressors such as agricultural, urban and industrial
pollution and, in some cases, reduced supply from ecosystems through the impacts of climate change and anthropogenic
activities. Arnell (2006) noted that “increasing population densities, changing patterns of water use and growing economic
activities are increasing the pressures on water resources” (referenced by Scheffran and Bataglini, 2011: 30).

Research literature between 1990 and today, including the IPCC 4" Assessment Report, as well as numerous public
statements since its publication in 2007, have indicated that climate change will lead to more environmentally-related
stressors, particularly in vulnerable developing countries. Some of these stress factors will occur in the form of hazards:
floods, tsunamis, and droughts, directly threatening human health and life; whereas hazard-induced water scarcity and
hazard-weakened ecological systems gradually undermine human well-being over an extended period of time (cf. UNGA,
2009).

These facts have led academics, politicians and the media to predict a bleak future for societies with the prospect of violent
conflicts triggered by dwindling water resources or massive displacements of populations triggered by hydro-climatic
hazards. But is this climate change/water hazards/security/displacement nexus likely? This issue will be addressed in this
paper by reviewing some of the main scientific literature on the topic.

1. Water-related Hazards

The EM-DAT database maintained by the Centre for Research on the Epidemiology of Disasters (CRED) clearly indicates
that the number of natural disasters reported worldwide since the 1900s is on the increase in the last few decades, as is
the number of people affected by these disasters (EM-DAT, 2011). Fortunately, casualties have tended to decrease over
the reported period (Figure 1). Hydro-climatic events such as droughts, floods and storms represent the majority of the
reported events, and the recent devastating floods that have affected Pakistan, Thailand and Australia in 2010 and 2011
come to mind.

The frequency and magnitude of hydro-climatic events are likely to be exacerbated in the future by the effects of climate
change. The Intergovernmental Panel on Climate Change (IPCC) noted that in coastal areas, sea-level rise will very likely
expose millions of more people than today to hazards such as floods; in addition, drought-affected areas are projected
to increase in extent; coastal erosion will affect more areas; and storm patterns will change in terms of magnitude and
track (IPCC, 2007). In more general terms, the IPCC (2007) reported that climate change will exacerbate current pressures
on water resources worldwide by affecting precipitation and run-off patterns as well as water quality. UN-Water (2009:
3) considers that “water is the primary medium through which climate change influences Earth’s ecosystem and thus
the livelihood and well-being of societies”, even though water is not discussed as a specific theme in the climate change
negotiations. This can be further highlighted by the fact that the Millennium Ecosystem Assessment (2005) emphasized
that 2 billion people living in arid, semi-arid and sub-humid regions are extremely vulnerable to the loss of ecosystem
services, including water supply, which is exacerbated by climate change.

Many in the scientific arena, political circles and mass media predict that the new or exacerbated water-related stresses

will lead to mass displacement and/or increased likelihood of (violent) conflict. But can these fears be backed by empirical
evidence?
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Natural disaster summary 1900 - 2009 (linear-interpolated smoothed lines)
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Figure 1. Number of disasters reported, casualties and people affected since the 1900s (EM-DAT, 2011).

2. Potential Conflicts over Water
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“Since human societies rest on certain environmental conditions, a changing climate that significantly alters
these conditions is expected to have an impact on human life and society. Understanding the complexity of
interactions between climate stress factors, their human and societal impacts and responses is crucial to
assess the implications for security and conflict” (Scheffran and Battaglini, 2011: 28).

2.1. Violent conflict

According to the Carnegie Commission on Preventing Deadly Conflict, the 20™ century was, altogether, the most violent
in human history, “with armed conflicts taking the lives of over 100 million people and political violence responsible for
an additional 170 million deaths” (Carnegie Commission on Preventing Deadly Conflict, 1997: 11). Hidden within these
statistics are some important trends that elucidate the changing nature of violent conflict. Even though recently published
numbers from the Heidelberger Institute for International Conflict Research (HIIK) (HIIK, 2012: 2) again show an increase
of intra-state wars from 6 in 2010 to 20 in 2011, which is the highest number of wars since 1945, data jointly compiled
by the Department of Peace and Conflict Research at Uppsala University (UCDP) and the Peace Research Institute Oslo
(PRIO) show a general decline in the total number of violent intra- and inter-state conflicts around the world since the
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early post-Cold War period, from a peak of 55 in 1992 to 30 armed conflicts in 2010 (cf. Gleditsch et al., 2002; UCDP/
PRIO, 2011). In contrast to the decline of violent armed conflicts or wars, a general increase of armed violence can be
observed, which occurs in many forms, e.g. in conflicts or uprisings and unrest, or as gang violence, and in transnational
organized crime. The 2011 Global Burden of Armed Violence report states that “more than 526,000 people are killed each
year as a result of lethal violence. One in every ten of all reported violent deaths around the world occurs in so-called
conflict settings” (Geneva Declaration on Armed Violence and Development, 2011: 1). This is also supported by numbers
from the Heidelberger Conflict Barometer, which counted 148 violent crises in 2011 (HIIK, 2012).

The trend away from inter-state violent conflict and towards the more complex intra-state violence (perhaps well illustrated
by recent and ongoing conflicts in the Northern Africa and Middle East regions) place emphasis on the importance of
moving beyond simple models of resources scarcity as they have been developed for example by Homer-Dixon and
others in the 1990s during the early times of environmental security research (Homer-Dixon, 1991 and 1994). As early
as 2001, Ehrlich and coworkers noted that “it becomes critically important to pay attention to the relationship between,
on the one hand, potential triggering events of environmental degradation”, for example, water resources scarcity and
natural hazards and, “on the other hand, such intervening variables as pre-existing social, political, or cultural cleavages,
regime types, economic circumstances, and the incentives and disincentives certain social groups face regarding the use
of violence” (Ehrlich et al., 2001: 114).

2.2. Climate change and conflict

During the past decades, scholars have drawn connections between climate change impacts and the possibility of violent
conflict (most recently Burke et al., 2009; Hsiang et al., 2011; UNEP, 2011), many with particular reference to ‘water wars’
(e.g. Westing, 1986; Gleick, 1993; Butts, 1997; Postel and Wolf, 2001) and migration-induced conflicts (e.g. Homer-Dixon,
1991 and 1994; Barnett, 2001). The assumption that scarcity of renewable resources increases the risk of conflict has
been widely influential in academic and policy circles, primarily driven by the findings of two research groups, namely the
Toronto Project on Environment, Population and Security (Homer-Dixon, 1991 and 1994) and the Swiss Environment and
Conflict Project (ENCOP) (Baechler, 1999), as well as by publications of the Woodrow Wilson’s Environmental Change and
Security Project (Dabelko and Dabelko, 1995; Dalby, 2002; Homer-Dixon et al., 2003), the International Peace Research
Institute in Oslo (Gleditsch, 1997), and Carius and Lietzmann’s (1999) edited volume on Environmental Change and
Security?. In response, other scholars have rejected these dire warnings about future ‘water wars’ on two grounds: i) a
lack of evidence (or overwhelming empirical evidence against ‘water wars’ and ‘climate refugee-induced wars’) (Wolf et
al., 2005; Yoffe et al., 2004; Barnett and Adger, 2007; Raleigh and Urdal, 2007; Nordas and Gleditsch, 2007), and ii) for
fears of a securitization of water (e.g. Brown, 2007; Smith and Vivekananda, 2007; Brzoska, 2009; Carius et al., 2008;
Scheffran, 2009; Scheffran and Battaglini, 2011).

More recent research findings conclude that the research literature does not provide sufficient evidence to support a
clear causal relationship between climate impacts, security and (violent) conflict, as economic factors seem to be more
significant (Buhaug, 2010; Buhaug et al., 2010; Buhaug et al., 2008). At least there is a common understanding that climate
change can be understood as a threat multiplier with the potential to exacerbate existing trends, tensions and instability
which are often caused by continuous poverty, weak institutions both for resource management and/or conflict resolution,
a history of mistrust between communities and nations, and inadequate access to information or resources (European
Commission, 2008; UNGA, 2009). The German Advisory Council on Global Change concludes in its summary for policy-
makers of its comprehensive assessment of the security risks of climate change, “that without resolute counteraction,
climate change will overstretch many societies’ adaptive capacities within the coming decades, (...) which could result in
destabilization and violence, jeopardizing national and international security” (WBGU, 2007a: 1).

* Numbers taken from http://www.pcr.uu.se/research/ucdp/ on 31 January, 2012

2 For a comprehensive and comparative discussion of these research groups and their approaches and results, see e.g. Brauch 2003, 2005a and
2005b, or Swatuk, 2006.
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2.3. Water and conflict

The notion of scarcity has been central to the debate on water-related conflicts due to the widely held assumption that
it is scarcity of renewable resources that often leads to conflict. Boege (2006) reflects this thinking when stating that:

“[w]ater is not only becoming a scarce resource, but also one that is divided extremely unevenly between
regions and states as well as within societies. Unevenly divided, scare resources are —as empirical evidence
throughout history shows — contentious subjects leading to conflict. Conflicts may easily arise if water is —
or is perceived as being — (over-) used and/or degraded by other actors at a cost to oneself. The possibility
of conflicts at international, regional and local level regarding the access to and use of freshwater poses a
serious threat to both human security and the security of states {(...).”

Animating much of the (mainly case studies based) research conducted on transboundary waters over the last two decades
or so is the persistent sense that water will be “the oil of the future” and that “future wars will be about water” (Swatuk
and Wirkus, 2009: 16). The available data, however, suggest a much more complex relationship between transboundary
water and social stability. In Gleick’s (2000) much referenced Chronology of Water Conflict, water was seen to be a political
or military tool, a military target, an object of terrorism, part of a development dispute, or an object of control. Most of
his cases involved inter-state activity, although intra-state conflicts were sometimes reported. He found no evidence for
water being the principal cause of two states going to war. Given that 145 states and 40% of global population fall within
263 international river basins that account for 60% of global river flow, this is not an insignificant finding: the opportunities
for violent conflict are abundant; yet tensions over water seem to stimulate cooperation rather than promote conflict.
According to Wolf et al. “[n]o states have gone to war specifically over water resources since the city-states of Lagash and
Umma fought each other in the Tigris-Euphrates basin in 2500 B.C. Instead, according to the UN Food and Agricultural
Organization, more than 3,600 water treaties were signed from AD 805 to 1984” (Wolf et al., 2005: 84).

Swatuk and Wirkus (2009) point to two empirical studies conducted five years apart by Gleditsch and colleagues: the
first examining the probabilities of violent conflict between two states sharing a river (Toset and Gleditsch, 1999), and
the second examining the probabilities of violent conflict among states sharing the waters of a river basin (Gleditsch et
al., 2004). In the latter, the authors conclude: “While acute conflicts over single rivers are rare, the presence of a large
shared river basin provides far more to fight over (...) This is not evidence for ‘water wars’, but shared water resources
can stimulate low-level inter-state conflict. That in no way excludes cooperation, and indeed the low-level conflict may
be an important incentive for more cooperation. That relationship, however, remains to be investigated” (2004: 17 and 22).

In a summary of work conducted at Oregon State University, Wolf et al. (2005: 84-85) highlight four key findings: first,
“the incidence of acute conflict over international water resources is overwhelmed by the rate of cooperation”; second,
“despite the fiery rhetoric of politicians (...) most actions taken over water are mild”; third, “there are more examples of
cooperation than of conflict”; and fourth, “despite the lack of violence, water acts as both an irritant and a unifier”. In
conclusion, the authors state: “The historical record proves that international water disputes do get resolved, even among
enemies, and even as conflicts erupt over other issues. Some of the world’s most vociferous enemies have negotiated
water agreements or are in the process of doing so, and the institutions they have created often prove to be resilient,
even when relations are strained” (Wolf et al., 2005: 85). The authors of these studies put great stock in institutional
capacity, arguing it to be the key to cooperation in situations of increasing scarcity.

However, the Basin at Risk (BAR) project, the Transboundary Freshwater Dispute Database (TFDD) and most other water
and violence (war) related research have been limited to examining conflicts at the international level — the ‘macro’ level.
Although the danger of international water wars may often be exaggerated, there is no doubt that water scarcity can
and does lead to (violence-prone or even violent) conflicts between and — more importantly — within states — that is, at
the ‘micro’ level. More recently, also triggered by the climate change discourse and after the refutation of the water war
hypothesis, there is a spreading perception in the research community that water is — and will increasingly become — a
source of violent conflict not in the international realm, but in the sub-national or local context (which does not exclude
transnational repercussions) (Gleditsch et al., 2004; Ohlsson, 1995, 1999a and 1999b; Ohlsson and Turton, 1999; Ravenborg,
2004; Swedish Water House, 2005; Carius et al., 2004; Thomasson, 2006; Turton, 2004). The most advanced research in
this field posits that water-related violence in the future will not take the form of water wars across national boundaries,
but of localized water-point clashes between immediate water users, and of ‘water riots’ (Swatuk and Wirkus, 2009: 18).
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2.4. Water, conflicts, and institutions

In their 2009 report on Climate Change and Security in Africa, Brown and Crawford (2009: 6) summarized their review of
emerging policy reports on the security implications of climate change by emphasising that “[l]ike much research about
the links between environmental change and security, the literature on climate change and conflict tends to focus on
the structural conditions in which conflict emerges, such as scarcity of a resource, rather than the role of individuals and
institutions in initiating, sustaining, resisting or resolving conflict”. They conclude that according to Barnett and Adger
(2007), “it [that is, the research] tends to downplay the short-term causes (or triggers) of conflict and the importance of
human decisions — the choices made by individual ‘actors’ in a conflict” (Brown and Crawford, 2009: 6).

Thus, at a fundamental level, conflict originates from the interaction between individuals and moves towards their
surrounding environment in general. “Conflict is therefore mostly rooted in the ‘micro’ level. The way these conflicts
evolve depends highly on the availability and the functioning of local level institutions or mechanisms” (Bildhauser, 2010:
2). Likewise, the effects of climate change and water hazards will principally be felt locally by individuals, families, villages,
and neighbourhoods. The diversity of climate change and hazards effects and of how individuals, households, villages,
governments, and civil society deal with them are best understood through an analysis of their local circumstances. Crucial
in that regard is the adaptive capacity of people and communities, mediated through institutions. Adaptation to climate
change and water hazards cannot be effective without robust institutions.

Having said this, it is obvious that the understanding of climate change as a threat multiplier at the same time implies that
strong and effective institutions and conflict prevention measures could function as threat minimisers. As emphasized by
Scheffran and Battaglini (2011: 30), the marginal impact of climate change can make a big difference, particularly in less
wealthy regions and in societies on the edge of instability: “[b]y triggering a cycle of environmental degradation, economic
decline, social unrest and political instability, climate change may become a crucial issue in security and conflict”, particularly
by overburdening states and regions which are already conflict prone and/or affected by fragile statehood and which are
characterized by an overlapping of diverse and competing logics of political and social order and behaviour (European
Commission, 2008; Boege, 2009). A spillover of state weakness-induced security risks (e.g. social unrest, refugee flows,
separation movements, warlordism) can contribute to destabilization processes, which could, according to WBGU, lead to
the geographical expansion of a local crisis and to an overstretching of global and regional governance structures (WBGU,
2007b). Brown and Crawford (2009: 2) rightly state that “it is non-climate factors (such as poverty, governance, conflict
management, regional diplomacy and so on) that will largely determine whether and how climate change moves from
being a development challenge to presenting a security threat”. Climate change or disaster triggered socio-economic and
political stress might therefore “erode the functioning of communities, the effectiveness of institutions and the stability
of societal structures” as indicated by Scheffran and Battaglini (2011: 29).

Hence, robust and sophisticated institutions at all administrative levels seem to be key to mitigating the aforementioned
risks of an increase in climate-induced water conflicts. Although Tir and Stinnet (2012), who undertook an in-depth analysis
of 315 river cooperation agreements signed between 1950 and 2002, found evidence for a higher risk of militarized
conflicts under conditions of water scarcity, they could show on the other hand that “the more institutionalized the river
treaty, the lower the likelihood of militarized conflict between the river treaty signatory states” (Tir and Stinnet, 2012:
220). They conclude that “[h]ighly institutionalized river treaties [...] provide mechanisms for managing disputes before
they escalate” and “that international institutions could be useful tools for some of the predicted consequences of
climate change, such as water scarcity and changes in the seasonal flow patterns of rivers” (Tir and Stinnet, 2012: 223).
This serves as an excellent example of the necessity, but also of the functioning, of robust institutions at the government
and international, or rather the ‘macro’, level.

The same applies to the local or ‘micro’ level. Recent research results from Adano et al. (2012) and from Theissen (2012)
showed that the likelihood for violent conflicts at the local level is higher in wetter seasons than in dry seasons, corroborating
the academic discourse about the importance of local, often traditional institutions or regimes for conflict resolution and
natural resources management (see Kramm and Wirkus, 2010; Boege, 2009 and 2006; Swatuk and Wirkus, 2009). They do
so by pointing to the role of socially-embedded institutions and customary rules, which especially facilitate the survival
of families, clans, villages and tribes in rural areas by managing access to natural resources and land, especially during
drought periods or in water-scarce regions, and by mediating conflictive situations through traditionally accepted means
(see Kramm and Wirkus, 2010; Boege 2009; Swatuk and Wirkus, 2009).
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3. Water-related Hazards and Migration/Displacement

As already discussed above, societies must face an increasing number of environmental hazards, and in particular hydro-
climatic hazards, and these could lead to the displacement of many people or communities around the world. Looking at
floods alone, events from late 2010 in Australia and Pakistan clearly show people’s overall exposure and vulnerability to
these events. For the moment, although it cannot be clearly proved that these events are related to climate change, this is
of minimal importance, as hazards will increasingly affect populations worldwide by the simple fact that global population
and urbanization is on the rise and more and more people are settling in hazard-prone areas. The floods in Australia
affected some 200,000 people with, fortunately, a low number of casualties and, in relative terms for the country since
the 1900s, limited economic losses (EM-DAT, 2011). In contrast, Pakistan reported 1,985 casualties, 18.1 million affected
people, and US $9.5 billion in damages representing 5.9% of GDP (CRED, 2011). Eleven to twenty percent of the surface
of the country was inundated, resulting in hundreds of thousands of people being displaced. Following major events such
as the 2010 Pakistan flood or the 2004 Indian Ocean tsunami where 2 million people were displaced (see University of
Adelaide et al., 2009) and for long periods of time (Naik et al., 2007), the fate of people who are displaced needs to be
considered. The following discussion is principally based on that found in Renaud et al. (2011).

Individuals or groups of individuals who are displaced or migrate because of an environmental push factor (including the
stressors mentioned above) are often referred to as ‘environmental refugees’ in the academic literature and the media.
Several discussions have emerged surrounding the ‘environmental refugees’ terminology, and there is a debate around
the concept itself (see Renaud et al., 2007 for further discussion on this). The argument that migration decisions are
seldom triggered by a single factor has been put forward by several researchers who have opposed, or at least doubted,
the usefulness of the concept of environmental migrants/refugees (see Castles, 2002; Black, 2001). However, there is
genuine concern by actors in the development and humanitarian fields with respect to the plight of people who are
or will increasingly be displaced due to predominantly environmental factors. For example, Antonio Guterres, United
Nations High Commissioner for Refugees (UNHCR) stressed that human displacement is likely to be worsened by the
effects of climate change and has flagged that when it comes to cross-border displacements, there is a legislative gap in
terms of securing support for people who are on the move (Guterres, 2008a and 2008b). This governance gap needs to
be addressed rapidly (see Warner, 2010). However, when it comes to internally displaced people, which represents the
majority of displacements linked to environmental disasters, individuals should in principal be covered under the 1998
Guiding Principles on Internal Displacement (UNHCHR, 1998).

Although difficult to establish, the role of the environment as a push factor for migration and displacement is being
increasingly investigated while at the same time the complexity surrounding migration decisions is increasingly being
recognized (e.g. Foresight, 2011; UNEP, 2011). Estimates of people migrating or being displaced because of environmental
stressors vary greatly, often by order of magnitude depending on the estimation method, types of stressors considered
and time spans (see Renaud et al., 2007 for a review). Increasingly however, refined estimates are emerging. For example,
IDMC and NRC (2011) have reported that sudden-onset disasters caused by natural hazard events have displaced 36 million
people in 2008, 17 million in 2009 and 42 million in 2010, with climate-related disasters such as storms and floods being
the main sudden-onset hazards responsible for most of the displacement in 2009 and 2010.

The difficulty in estimating the number of environmental migrants globally is due to the inherent complexity of factors
explaining migration decisions, but is also due to the fact that, until recently, there was no definition of what constitutes
an environmental migrant. The International Organization for Migration proposed the following definition: “Environmental
migrants are persons or groups of persons who, for compelling reasons of sudden or progressive changes in the environment
that adversely affect their lives or living conditions, are obliged to leave their habitual homes, or choose to do so, either
temporarily or permanently, and who move either within their country or abroad” (IOM, 2007: 1).

This definition is broad and inclusive, and identifies environmental degradation as the main push factor triggering migration.
It does not distinguish between temporal or permanent migration, nor does it identify the end destination of migrants.
Although this definition is useful for providing an understanding of whom and what is being addressed, the concept of
environmental migration also needs to consider the conditions of migration more specifically. This is needed to inform
the actors dealing with migration issues so that they can act or react in case of emergencies and/or assist migrants to
ensure that their basic rights are being respected. For this purpose, it is useful to distinguish between various types of
population movements induced by environmental factors instead of only referring to those on the move as ‘environmental
migrants or refugees’ in a broad sense.
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Renaud et al. (2011) proposed a preliminary typology for environmental migration with examples relevant to water hazards:

e Environmental emergency migrants: These are individuals who flee the worst of an environmental impact on a
temporary basis. Examples include people fleeing floods, tsunamis or hurricanes.

e Environmentally forced migrants: These are people who ‘have to leave’ in order to avoid the worst of environmental
deterioration. Water-related examples includes sea-level rise, when, together with coastal erosion, communities
face the physical loss of their land.

e Environmentally motivated migrants: These are people who ‘may leave’ a steadily deteriorating environment
in order to pre-empt the worst. Water-related examples include the steady decline in water quantity/quality.

It is urgent to address the governance gap if the (very variable) predictions linked to future displacements of populations
are to materialize in the coming decades. Developing typologies and a conceptual framework as presented by Renaud et
al. (2011) could help operational agencies that are dedicated to providing support to people who are displaced or migrate
because of environmental stresses as it would provide a list of criteria that can then be used to determine appropriate
and timely interventions.

Conclusions

Water resources worldwide are under increasing pressure through a combination of factors that includes population
growth, pollution, and the consequences of climate change. In some regions of the world, acute stresses could be magnified
or become the norm, and many, in academic, political or media circles, predict that this will inevitably lead to violent
conflicts. Scientific reviews of past conflicts reveal that very few inter-state conflicts have had water resources as a root
cause. However, water-related conflicts and violent conflicts at the local level have been reported. Although history can
prove to be a poor predictor of what may happen in the future under the combined effects of population growth and
climate change effects, consideration needs to be given to the fact that the rarefaction of resources could lead to further
cooperation as opposed to major conflicts. Institutions need to be strengthened at the international and national levels
to ensure that this can take place.

In many parts of the world, an increasing number of people are exposed to environmental hazards, including water-related
hazards, in part due to increased population and urbanization. This has and will increasingly lead to a displacement of
populations and here again, norms and institutions are not currently in place to allow for the protection of people on
the move. Instead of focusing attention on whether concepts such as environmentally-induced migration are relevant or
not, a precautionary approach would be to set up an international governance mechanism and institutions to assist with
what many perceive will be increasing numbers of environmental migrants in the future.
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Introduction

In the West Asia and North Africa (WANA) region (Figure 1), water scarcity has played a crucial role in shaping people’s
activities, habits and lifestyles, as well as social and economic growth. The great rivers of the region, among which are the
Nile, Euphrates, Tigris, and Jordan rivers, have hosted some of the earliest civilizations on earth. The people of the region
have shown their resilience and adaptation to the harsh climatic conditions throughout history. However, climatic factors have
been influential in inciting regional disparity, disunity and conflict, as well as in the demise of great civilisations (Hashemi,
2011). These problems have been aggravated by a lack of good governance (i.e. a lack of transparency, accountability and
empowerment of citizens) leading to a considerable disparity in terms of political, economic and social aspects within
nation states in the region (WANA Forum, 2011).
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Figure 1. The West Asia and North Africa (WANA) region (in dark green).

Climate change and variability, being a major element in the water stress formula, will only degenerate this already water-
stressed region further into severe water stress conditions, which will have implications in terms of food insecurity and
political and social unrest. Hashemi (2012) asserts that “physical water scarcity is partially induced by human behavior as
well as being affected by natural phenomena like droughts since there are some empirical evidences that climate change
is induced by human lifestyle because of greenhouse gas emissions” (Hashemi, 2012: 30). Across the ‘Arc of Crisis’, that
is, from Somalia, Sudan and Egypt in Africa to Yemen, Iraq, and Syria in the Middle East, water scarcity has already led
to drought and famine, the loss of livelihoods, the spread of water-borne diseases, forced migrations and open conflict
(WANA Forum, 2010b). Water scarcity is closely linked to food and health security, making better water management
a key stepping stone for poverty reduction and economic growth. There is a need for an integrated approach to water,
hunger, climate change, health and poverty, with a view to averting future conflict with concentric circles of cooperation
(Bin Talal, 2010).

Another challenge is that the persistent reduction in the region’s ecosystems to provide services such as food, water
and other necessities are leading to an increased deterioration in the well-being of people. In the WANA region, policies
at the national and regional levels must address the relevant questions that need to be answered in order to ensure
water security; these policies should be designed to create opportunities for the people based on adaptive management
approaches and enhancement of people’s resilience to cope with water scarcity while maintaining their dignity. The
effective mainstreaming of water policies is urgently needed and should address these challenges within the larger context
of social and economic development.
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1. Water Security as a National Political Issue

Grey and Sadoff (2007: 546) define water security as “harnessing the productive potential of water and limiting its
destructive impact”. Water security has emerged as a crisis of global proportions, with major implications for national
and regional stability and conflict. Furthermore, water security is a decisive component of social and political security.
This cannot be truer than in the WANA region, where most of the countries are situated in a semi-arid to arid climatic
zone where more than 60% of the renewable water resources in the region are shared by one or more countries. Despite
warnings by regional experts that the wars of the 21 century will be fought over water (WANA Forum, 2010a), in the
Arab-Israeli wars of 1967 and 1978, and in the tension between Lebanon and Israel in 2002 and the subsequent war in
2006, water was the primary cause. In the absence of peace, and continual disregard of international humanitarian law,
water security is leading to increased tensions, instability and conflict. Examples of water conflicts in the following river
basins in the WANA region have already been experienced:

e  Syria - Turkey - Iraq (Euphrates and Tigris rivers)

e Israel - Jordan - Palestine (Jordan River, Dead Sea)

e Israel - Palestine (groundwater aquifers of Occupied Territories)

e Jordan - Saudi Arabia (Al-Disi Aquifer)

e Syria - Jordan (Yarmouk River)

e Egypt - Sudan - Ethiopia (among 10 countries sharing the Nile River)
e Iran - Afghanistan (Hirmand River)

Each of the countries in the region considers water security to be of national concern. For example, water security is key to
establishing peace between the Palestinians and Israelis. As expressed by Nabil Al Sharif, former Minister of the Palestinian
Water Authority: “There will be no real peace if there is no water. If there is no water, | don’t think any agreement of peace
will live more than two or three years” (Vigotti and Hoffman, 2009). To shed light on the seriousness of the conflict over
water in the region, in June 2002, Lebanon restarted new infrastructure works to connect 60 communities to running
water for domestic use, supplying them with 10,000 m? of water for domestic purposes a day (or 3.65 million m? a year).
For Israel, these unilateral Lebanese acts were a violation of international law and a threat to the water security of their
country. Lebanon, referring to the 1953 Johnston Plan which granted Lebanon 35 million m? of the Jordan (Hasbani)
River headwaters (Abujaber, 1989) argued that the move was in accordance with the principle of equitability in its water
share, and was therefore in accordance with international water law. Israel however, feeling threatened that their water
security was at risk even when the amount of water used by the Lebanese is less than 0.5% of the Israeli’s annual water
consumption, was ready to take up arms to stop the measures taken by Lebanon. The case was brought before the United
Nations, and only through intervention by ambassadors of the European Union and UN officials to deter possible Israeli
attacks during the inauguration of the project was the matter closed. It is painfully clear to see the importance of water
to the countries in the region and how conflict over water can easily escalate already tense relationships.

Governments of the region have now realized the shortcomings of having limited supplies of renewable water resources that
have reached their physical limit. Since the year 2000, governments have begun to pay more attention to the development
of water policies in line with the internationally recognized Integrated Water Resources Management approach (IWRM),
with longer planning horizons to cope with the expected water deficit challenge. Even though regional governments have
endorsed the recommendation from the World Summit on Sustainable Development (WSSD) to articulate IWRM as a
management option by formulating their own water resources management plans (Arab Water Council et al., 2005), few
countries have yet to create sufficient capacity to implement these plans.

Furthermore, short-term fragmented management through the adoption of water policies that focus on meeting demand
should be replaced with flexible policies coordinated with agricultural, financial, social, environmental, energy, urban,
trade, and industrial policies. This should lead to water sustainability, ecosystem protection, and adaptation to the impacts
of climate change. The past explicit or implicit water policies in the region between 1960-2000 have largely focused on
addressing water resources scarcity by meeting the Millennium Development Goals (MDGs) targets, specifically through
securing adequate water supplies and sanitation services, especially in urban areas and through expansion of irrigation
schemes that have led to extensive groundwater mining. However, this will not be sufficient for ensuring sustainable
development and water security in the region, and a more integrated approach will be needed.
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2. Water in the WANA Region

2.1. Demographic and economic conditions

Currently, the total population of the WANA region stands at about 500 million (UNDP, 2008; World Bank, 2007). The
average annual rate of population growth is 2.6%, although it varies from one country to another. The highest growth
rate is 6.5% in the United Arab Emirates (UAE) and the lowest is 1.1% in Iran. The urban proportion of the total population
is 55%, although it varies widely between states and is at more than 80% in Bahrain, Djibouti, Jordan, Kuwait, Lebanon,
Libya and Saudi Arabia, and less than 40% in Comoros, Somalia and Yemen. The average gross domestic product (GDP)
in the Arab states is US $1.043 billion, or US $1.915 billion in terms of purchasing power parity (PPP). The corresponding
per capita values are US $3,659 and US $6,716, respectively. However, these averages hide the fact that the GDP per
capita is significantly higher in oil states compared to non-oil states. For non-oil states, the per capita GDP varies between
US $700 and US $1,800, while the highest GDP of the oil states is US $6,716. The average Human Development Index
(HDI) scores low at about 0.7, with 13 of 26 countries above this average. Although data on the Human Poverty Index is
limited, the average rate of poverty is 38%. Poverty values of less than 10% are reported for Jordan, Lebanon, Qatar and
UAE (UNDP, 2008).

2.2. The sharing of water resources

Many of the countries in the WANA region share their primary surface and underground water resources. The UNDP
2006 Human Development Report (HDR) states that Iraq and Syria obtain between 50-75% of their water from rivers
outside their national borders, while Egypt gets 75% of its water from outside its borders (UNDP, 2006). As stated in the
HDR: “Managing shared water can be a force for peace or for conflict, but it is politics that will decide which course is
chosen” (UNDP, 2006: 203). If no action is taken or efforts are made to enable cooperation, tension over water is likely
to increase in the future.

The sharing of water resources between nations in the region underlines not only the importance of knowledge sharing,
understanding regional groupings and common approaches to IWRM, but equally the importance of international legal
frameworks that codify interaction and can both enable and inhibit cooperation over resources. More often than not, water
is treated legally at a national level, and it is this mentality that must be changed if water management is to be addressed
between nation-states. International instruments, such as the UN Watercourses Convention, can serve as a precedent
for legal cooperation between states. For example, UN Resolution A/RES/63/124 on transboundary aquifers (United
Nations General Assembly, 2009) is a non-binding agreement between states that “encourages the States concerned to
make appropriate bilateral or regional arrangements for the proper management of their transboundry aquifers, taking
into account the provisions of these articles” (United Nations General Assembly, 2009: 1). Based on such international
legal precedence, there exists the possibility for states to cooperate at a regional level, supported by international legal
frameworks that can be developed and built upon in unison. The legal frameworks that exist in Europe, such as the
Danube River Basin or the EU Water Framework Directive that regulates all member countries (Kaika, 2003), can also
serve as examples of political-economic integration at an institutional level, developing the necessary legal frameworks
that facilitate cooperation over various resources.

The regional dimensions of water management can be better served by improved communication between water experts
and policy-makers and diplomats in a manner that is both comprehensible and politically practical. Science must inform
decision-makers of the factual and academic-led dimensions of water security to help them make better decisions, while
decision-makers have a responsibility to inform scientists of the practical realities and guidance needed to realize change
at the policy level. Fundamental, sweeping change can only come about through cooperation between science and politics
that works in unison with societal change.

3. The WANA Forum: Water Management in the WANA Region

At the consultative meeting for the West Asia and North Africa (WANA) Forum in February 2010, water experts discussed
regional challenges and opportunities in water management. These include the necessary political and legal frameworks,
financing, technology, and institutional development, each of which is discussed briefly here. In each instance, the
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involvement and empowerment of local communities is essential.

It was discussed that it will be crucial to establish effective policy and legal frameworks in order to develop, carry out and
enforce rules and regulations that govern water and land use. This will need to be done at local, national and regional
levels through appropriate networks to facilitate cooperative, integrated policy-making that will ease water-related
tensions in the region.

Financing is an essential component that cannot be overlooked, and will be required in order to offset the considerable
costs involved in harnessing and managing water. This will require third sphere partnerships with the private sector in order
to tap into potential resources and develop solutions that promote socially and environmentally acceptable trade-offs.

Technological innovation will be key for managing water resources and ensuring continued water security in the region.
Such innovations can act as a driver for change in overcoming social, financial and environmental hurdles, creating
successful and sustainable solutions.

Cross-sectoral cooperation via institutions, such as those in the agricultural, industry and energy sectors, can help in dealing
with current and future challenges through reforms such as decentralisation, stakeholder participation and transparency,
capacity building, establishing partnerships and coordination (public-private, public-public, public-civil society), and
developing new supra-national (regional) administrative systems.

4. Water and Political Security: Case Studies from the WANA Region

4.1. The Nile Basin Initiative

The Nile Basin Initiative (NBI) is a regional initiative covering 10 countries aimed at harmonising the transboundary water
conflicts in the Nile basin. The dispute over the sharing of the Nile River waters surfaced recently through the introduction
of the Cooperative Framework Agreement (CFA) in 2011%. Burundi is the latest signatory to the CFA in 2011, joining Kenya,
Uganda, Ethiopia, Tanzania and Rwanda. The upstream Nile countries, in their struggle for receiving an equitable share of
the river’s waters, have negotiated the CFA for years without a full agreement in sight. Egypt, Sudan and the Democratic
Republic of Congo, even with the latter expected to sign, are still not party to the CFA. Article 14(b) on water security
in the draft CFA has been used as a stopping block by both Egypt and Sudan. The article states that member countries
would work together to ensure that they will not “significantly affect the water security of any other Nile Basin State”
(Nile River Basin Cooperative Framework Agreement, 2010); Egypt and Sudan would like for the article to read that the
countries will not “adversely affect the water security and current uses and rights of any other Nile Basin States”, without
the qualification “significantly” (Nile Basin Initiative, 2012). Through the CFA, the upstream countries seek to substitute
the 1959 treaty between Egypt and Sudan that gave nearly 90% of this resource to the two downstream countries —
that is, 55.5 billion m? to Egypt, and 18.5 billion m? to Sudan (Mekonnen, 1999). This treaty did not include any of the
upstream countries, including Ethiopia, which contributes 85% of the river’s water. Based on a provision carried over
from an agreement signed with Britain in 1929, Egypt has veto power over any new treaties or proposed agreements
that would affect their allocated share of water resources of the Nile River, which it has been using ever since to protect
its share of the water resources.

The signing of the CFA by Burundi came at a crucial time during a major political transition in Egypt following the Arab
Spring and the Tahrir Square uprising, followed by the regime change of long-time president Hosni Mubarak. It can be
expected that whatever governance structure is established in Egypt, the issue of the Nile waters will be taken very seriously
by its new leaders. In fact, during the first meeting of the Egyptian Military Council following the change in regime, the
Nile water issue was the first item on the agenda as it is considered to be a national security issue (AhramOnline, 2012).
Although it remains to be seen what the water diplomacy of the future democratically elected Egyptian government will
be, it is anticipated that the new democratic wave will bring with it a new attitude in Egypt towards the sharing of the
Nile River with upstream states.

! For a copy of the Agreement, see:
http://www.internationalwaterlaw.org/documents/regionaldocs/Nile_River_Basin_Cooperative_Framework_2010.pdf.
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Following on this, during a personal conversation between the author of this paper (Dr. Walid Saleh) and Dr. Sally Toma,
member of the executive Egyptian Revolution Youth Council, she stated that “45 [members] of the Revelation Youth
Council visited Ethiopia to discuss the Nile water issue and were informed by Ethiopian government officials that they will
not act unilaterally until a proper government is installed in Egypt” (Toma, 2012). She went on to say that the Ethiopian
Government officials revealed to the Egyptian delegates that the problems with the previous regime in Egypt stemmed
from the authoritarian attitude and the language of power and threats. They indicated that these were major obstacles
to reaching an agreement over the sharing of the Nile waters. The recent creation of South Sudan has now added to
the complexity of the situation. Therefore, there is an urgent need for a regional vision to avert any future conflicts in
the region. It must be stressed that all countries in the Nile River basin have shown restraint and acted in a responsible
manner during a very difficult transition period during the post-colonial era.

4.2. The Jordan River basin and Palestinian aquifers: Towards equity of access and allocation

In addressing potential solutions for chronic issues over Middle Eastern waters, one might be inclined to think that the
problems might be solved through regional cooperation or by applying modern management approaches. However, the
water problems that exist in the Middle East are not just water scarcity problems, but are political issues that have been
and continue to be used as strategic weapons. This is true in the case of the water conflicts between Israel and Palestine,
and Israel and Jordan, Syria, and Lebanon, respectively. Since the establishment of Israel in 1948, there has been conflict
over the Jordan River basin. In fact, the 1967 Arab-Israeli war was fought not only over territories, but also over the control
of water bodies of the River Jordan and its tributaries. When the Golan Heights were seized by Israel, all the headwaters
of the Jordan River and a large stretch of the Yarmouk River consequently came under its control. The occupation of
the West Bank also gave control of the lower Jordan River basin to Israel. The 1982 Israeli invasion of Lebanon and the
creation of the ‘security zone’ in the south gave Israel greater control of the Jordan and Litani rivers. The disagreement
over water has been a serious stumbling block in the present ongoing negotiations between Israel and Syria, and Israel and
the Palestinians. The Israeli failure to honour a water sharing agreement with Jordan has also been a source of tension.

Furthermore, the Israeli mining of the underground Palestinian aquifers and the denial to the Palestinians of this water
can be seen as a war tactic used by the Israeli to drive the Palestinians out of their land. In addition to the mining of the
waters, the Israeli are directly polluting the underground waters under Palestinian control by releasing raw wastewater
from the illegally-built settlements in the West Bank (Lendman, 2009). In fact, Israeli scientists have recently warned that
polluting Palestinian groundwater will not only directly destroy the aquifers under Palestinian control, but that it will also
eventually pollute the Palestinian aquifers under Israeli control. Israeli scientists are calling upon their government to stop
these immoral, illegal, and inhuman practices.

A recent report from the French Parliament’s Foreign Affairs Committee entitled The Geopolitics of Water, concluding
on the work of a fact-finding mission from October 2010, accused Israel of implementing “apartheid” policies in its
allocation of water resources in the West Bank (Glavany, 2010: 19). Glavany asserts that water has become “a weapon
serving the new apartheid” (Glavany, 2010: 19), with examples and statistics to back up these claims. The report states
that “[s]Jome 450,000 Israeli settlers on the West Bank use more water than the 2.3 million Palestinians that live there”
and “[i]n times of drought, in contravention of international law, the settlers get priority for water” (Glavany, 2010: 19).
Through these examples, the report highlights the unfair allocation of water to West Bank Palestinians and the fact that
Palestinians have no access to the territory’s underground aquifers (Glavany, 2010). Glavany further states that “Israel’s
territorial expansion is seen as a ‘water occupation’ of both streams and aquifers [...] the separation wall being built by
Israel allows it to control access to underground water sources... [and to] direct the flow of water westward” (Glavany,
2010: 17-20). The findings from the Glavany report underline the need for the attainment of equity and justice in terms
of water access and allocation as paramount to resolving this ongoing conflict. Without equitable and just allocation of
water resources, there can be no real conflict resolution.

4.3. The Euphrates and Tigris river basins

Syria and Iraq, as the downstream countries of the Euphrates River, are affected by the construction of the Turkish GAP
project. It is estimated that because of the GAP project, Syria and Irag have seen 40% and 80% reduction, respectively, of
their equitable shares of the river water. The impacts are already strongly felt by the Iragis and have had drastic effects
on the country’s food security, demonstrated by the fact that many farmers have abandoned their farms. In addition,
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the Turkish authorities’ damming efforts have also focused upon the Tigris River water, and this has further alienated the
Iraqi water situation to levels that cannot be tolerated. The water stress conditions in Iraq are destabilizing the country’s
already fragile economic growth, and creating pressures on the Iragi government to meet its food security challenges.
According to Bulloch and Darwish (1993), cooperation between the riparian states of the Euphrates and Tigris rivers dates
back to 1946, when Turkey and Iraq agreed that the rivers’ control and management depended in great part upon the
regulation of flow in Turkish source areas. Turkey, at the time, agreed to begin monitoring the two streams and to share
the related data with Iraqg. In 1980, Turkey and Iraq signed an agreement to establish the Joint Technical Committee on
Regional Waters, followed by a bilateral agreement between the two countries in 1982. Syria was then included in the
Committee in 1982, creating a common ground for cooperation. In 2008, with the help of UNDP-Iraq, meetings were held
in Istanbul to initiate further cooperation. It has been suggested that the dispute over the Euphrates and Tigris basins can
be resolved with dialogue between the parties; however, a suitable political atmosphere is essential for such cooperation
to take place, which unfortunately is not available at present due to the insecure climate in Iraq and Syria.

4.4. The Yarmouk River basin: A regional development vision

The Yarmouk River, being the main surface water source for Jordan and a major tributary of the Jordan River, flows through
the East Ghor Canal, and is a source of tension between Jordan and Syria. Jordan constructed the East Ghor Canal in 1957,
as the first phase of the Greater Yarmouk Project. This project was in line with the 1950 Johnston Plan, which included the
construction of two dams on the Yarmouk (the Al-Wahda Dam and the Unity Dam), with a holding capacity of 110 million
m? (Haddadin, 2006). The project was designed to help Jordan meet some of its water supply and irrigation demand while
providing Syria with its much needed power supply.

A joint Jordanian-Syrian water committee established an agreement in 2010, which called for Syria to cease its agricultural
activities upstream from the dam in order to guarantee optimal water flow. The agreement states that once the dam
reaches its maximum capacity, Syria would receive 6 million m? of water from the Al-Wahda Dam for agricultural purposes.
However, years after completion of the dam, the amount of water that flows to it is significantly below its capacity, which
means that Syria does not receive the water stipulated in the agreement for its agricultural activities.

5. Proposed Solutions: Towards a Supra-national Governance
Mechanism for Cooperation

The looming water crisis in the WANA region will affect all nations and their people, and cannot be addressed solely through
the traditional methods of bilateral and national policies. The numerous factors in shared water basins that transcend
nation-state borders and national policies, and the impact of climate refugees, mean that only through regional solutions,
collaboration and joint management can this crisis be overcome. In this context, the emphasis should be on opportunity
rather than on challenges; opportunities to share knowledge, to reflect on best practices, and to develop solutions that
can be applied at a regional level. It will take innovative and creative proposals that offer new methods and solutions,
built on regional dialogue and knowledge sharing, to offer sustainable and peaceful solutions to this crisis. Within these
opportunities, there is a need to underline the importance of addressing the concerns and needs of those who suffer
most and directly, and to provide real and viable solutions that tackle both local and regional dilemmas in order to enable
people to realise their own human dignity.

The disparity between water resources consumption and allocation is a significant factor that underscores the importance
of improved management and multilateral cooperation. Almost without exception, there is a need for neighbouring
countries to regulate their water management of shared services, and to regulate and better manage their shared
resources. Regulation of water resources exists in the Tigris and Euphrates river basins, but Turkey, Iran, Iraq and Syria
need to work out water sharing formulas if they are to ensure a sustainable and peaceful environment. Unfortunately, no
joint water management plan exists in the region, and it is this that might help to bridge some of the water disparities.
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Below are some suggestions for how the water crisis in the WANA region can be managed through cooperation.

e The regional WANA Forum Initiative. With an aim of realizing regional cooperation, the WANA Forum was
founded in 2009 for an initial 5-year period with the aim of becoming a platform for new regional thinking based
on shared values and interest in the common good. The Forum is apolitical, non-partisan and an independent
platform for dialogue (Hashemi, 2011). The dialogue centers on the formation of a regional perspective on the
governance of water and land resources, and a policy brief has been developed on supra-national (inter-state)
governance mechanisms for cooperation to deal with water scarcity in the region (WANA Forum, 2011). The
WANA Forum Chairman, Prince El Hassan Bin Talal of Jordan, has stated that

“there exists an opportunity for the region in addressing its water scarcity crisis. The scarcity of water
in the region, coupled with an abundance of natural energy resources, offers the potential for an
exchange or trade-off, one comparable to that of Europe in the 1950s, between France and Germany.
Indeed, it is the common pooling of resources — energy and water — that can lead to an integration
of economic infrastructure and political systems. Such a system — as the example of the European
Union has demonstrated — can herald an era of nation-state cooperation and multilateral thinking,
fostering relationships and building trust. Economic and political integration can therefore become a
fundamental part of positively and proactively addressing the socio-economic and political aspects
of water and energy. With a shared history and values, the resources can be agents of cooperation
and the creation of a Community of Water and Energy can pave the way to cooperation, and arrest
potential conflict” (Bin Talal, 2010).

This offers hope for positive cooperation in the region in the future.

e  Enhancing cultural heritage for regional cooperation. The WANA Forum further aims to enhance the cultural
ties in the region by involving other key players in the region including, Iran, Turkey, Pakistan and Afghanistan, as
part of the WANA region. For example, in the past 20 years, Turkey has examined the possibilities of exporting
water through a ‘peace’ pipeline; a project was proposed to supply Syria, Jordan, Palestine, Israel, and Saudi
Arabia with water. The recently published report Blue Peace: Rethinking Middle East Waters (Strategic Foresight
Group, 2011) states that, on average, Turkey can export at least 1-1.5 billion m? from its national rivers (excluding
the Tigris and Euphrates rivers) to the Jordan River valley countries. As the 2010 Global Risks report highlights,
the impact of declining quality and quantity of water will be increasingly severe in the forthcoming years (World
Economic Forum, 2010). Therefore, building on common values can bring satisfactory solutions to transboundary
water resources issues in the region.

e New regional administrative systems. In the context of regional cooperation, the benefits of IWRM need to be
examined to determine what role it might play, how it might function, and what potential it holds for the region.
Most — if not all — decisions regarding water are political. The underlying theoretical background of IWRM is
integration itself — which is a political process — and is in line with the concept of sustainable development that
can meet the needs of people without compromising the value of the ecosystem, demonstrating the human
element in managing water and natural resources. The numerous dimensions to successful integration, such as
institutional reforms, spatial adequacy and manageability, are inextricably linked to social cohesion and unity. In
addition, integrated research policy that reflects the multitude of factors in integrated management is required
in order for IWRM to play a key role in integration and management. In addition to the juridical and historical
background of the region, another important issue to be taken into consideration is the people of the Euphrates,
the Orontes, the Yarmouk and the Nile rivers, together with their 11 African states. In this respect, the formation
of regional water commissions, such as those like the Danube, the Rhine and the Mekong Commissions, could
indeed help to promote regional cooperation rather than wars, as wars do not create additional water.

e Aregional database and information system. In order to realise both IWRM and a region-wide knowledgebase,
there must exist an awareness of, and understanding between, the various actors and organisations working in
WANA. Too often information is compiled only for the purpose of recommendation research, publications and
conclusions to be carried out independently of work being done elsewhere, failing to take into account the broader
picture. It is therefore proposed that work is needed at three levels, the national, regional, and global levels, each
working in harmony with the others towards the same objectives. Furthermore, it is recommended that such
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a system, coupled with a Decision Support System (DSS), might enable modelling and water predictions, which
could in turn inform decision-makers. The need for such modelling and information across the WANA region is
imperative to establishing viable and practical solutions for shared water management. Furthermore, the value
of water information is key in planning and assessment and is also important in research and development and
for project monitoring. Finally, data must be available and accessible to civil society and the public and private
sectors in order to facilitate investment, raise awareness and improve the level of planning and transparency.
Nevertheless, the political will to share information and pool data is essential, and positive examples of this exist
elsewhere in the world; it is now up to governments in the WANA region to prove and demonstrate the potential
benefits of knowledge-sharing on water information through cooperation and goodwill.

Alternative resources. In a water-scarce region such as the WANA region, where groundwater and river basins
often are not reliable sources of water, there is a need to find non-conventional sources of water. With growing
populations and limited water availability, water supply can be a source of economic growth and potential,
particularly in the Gulf, where freshwater supply is particularly limited. Water can only be discussed in the Gulf
in the context of desalination, where saltwater provides the majority of the water in the region. Furthermore, in
order to overcome the expected water deficit estimated at 240 billion cubic metres?, projected to occur by 2025
(World Bank, 2007), it will be necessary to increase supply through new sources and options such as increased
dependency on desalination, increased reuse of adequately treated wastewater sources, and reasonable mining
of non-renewable groundwater sources. It will be equally important to address climate change impacts through
mitigation efforts, combined with efforts to implement measures for integrated water management that are
coordinated with other development policies and reflect the prevailing harsh, arid environment, and social,
economic and cultural conditions.

Environmental sustainability and efficiency measures. An effective water resources management framework
in line with the IWRM approach is essential. Such a framework must emphasize: enhanced water use efficiency
and justified allocation in all development sectors; a supply-demand model supported by effective and enforced
institutional arrangements and legal frameworks; mandated coordination with other related policies; effective
stakeholder participation; strengthening of water governance issues; development of partnerships with the private
sector; effective regional cooperation through the United Nations and regional organizations; a commitment of
adequate financial and trained human resources; and, preservation of environmental integrity. Such a complex
IWRM approach will enable governments of the region to shift from rigid, traditional approaches of supply
augmentation and their role as services providers to the implementation of more flexible integrated management
measures and to act as regulators of services.

Regional development plan. To seek a genuine solution for the water crisis in the WANA Region, and taking political
will as a pre-condition, many scenarios to overcome any potential conflict over water in the region can realistically
be made which are also economically viable. What is required at this stage is a shift from a consultative and concept-
building mode to the development of a new master plan for water and land use in the region. The question that
needs to be addressed, however, is how to formulate an integrated development plan that takes into consideration
the rising conflict over water resources due to the tension between upper and lower riparian states. A regional
solution can only be achieved with regional projects that take into account the equity of water needed among
all countries in the region. One example of such a project is the proposed Red-Dead Sea Canal (Sharp, 2008). The
project aims to pump vast quantities of water from the Red Sea in the Gulf of Agaba to the Dead Sea, situated 417
metres below sea level. The conveyance would be utilized to generate hydroelectricity and desalinate water, with
drinking water pumped to regional population centres, and desalination brine discharged into the Dead Sea in an
attempt to arrest its shrinkage. This project is being promoted as an initiative to cement peace in the region. The
cost of the project has been estimated at US $5 billion over 20 years (Sharp, 2008). This massive effort requires
both international technical and financial support and cooperation. A recently completed environmental impact
study financed by the World Bank concluded that the impacts of abstracting millions of cubic metres of seawater
from the Red Sea are negligible, according to the preliminary Red Sea Modelling Study (World Bank, 2009). Regional
development plans may also wish to consider the concept of Virtual Water (e.g. Allan, 1997) as a way to reduce
transboundary conflicts by affecting water resources developments in transboundary waters (Hashemi, 2012). As
shown in Figure 2, Virtual Water policy can shift attention to Green Water (soil moisture and water consumed by

2 Water demand is expected to reach 500 billion m* while water supply is projected to be 260 billion m?.
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plants through evapo-transpiration) and rain-fed agriculture from emphasis on Blue Water (surface and groundwater
resources). The result would be less transboundary conflicts due to Blue Water developments (Hashemi, 2012).
Hashemi (2012) concludes that “food security (and [by extension] water security) and [the] removal of world
hunger cannot be addressed without considering the full water cycle, including Green Water” (Hashemi, 2012: 27).

ransboundary Water Blue
(inflow / outflow) Water Em—
Water
Grey
Water

Virtual Water export <:> Virtual Water import

Notes:

e The Water box shows total water available within a political boundary

e Blue Water = run-off + sub-surface flow + groundwater

e Grey Water = recycled water + wastewater + return flow

e Dotted arrow indicates that Grey Water is not fully available as a resource

e Transboundary Water is both exogenous and endogenous to the Water Box — it has a lot of bearing on Blue Water
through water development and dam building policy

e Virtual Water has a bearing on the Total Water Box and is both exogenous and endogenous to the Water Box

e Virtual Water influences Blue Water by shifting priority from water for food to water for drinking on industry

e Virtual Water shifts attention to Green Water by emphasising on rain-fed agriculture

e Virtual Water can reduce Grey Water by shifting the attention from Blue Water use (irrigation agriculture) which
produces a large sum of return flow as well as reducing industrial wastewater

Figure 2. Virtual Water as exogenous and endogenous to the Water Box, which represents total water in a system
within political boundaries (after Hashemi, 2012).

Conclusion

The optimism over the Arab Spring in re-shaping the WANA region political map is real. Democracy, long awaited and
much needed, has arrived. The newly democratically elected governments in Morocco and Tunisia, and the future Libyan,
Egyptian and Syrian governments, will set the stage for future cooperation in the region. The Turkish support for the
Arab Spring has placed Turkey in a respected position within the WANA region; indeed, many are calling to adopt the
Turkish model of democracy. The historical, cultural, and religious ties between the nations in the WANA region cultivate
the right atmosphere for overcoming transboundary water conflicts such as those over the Euphrates, Tigris and Nile
rivers. This is possible if the Arab Spring brings real democratic governments to the countries. It is expected that the Arab
Spring will bring common values, ethics, and a shared vision to face regional challenges. Rae (2002) asserts that “there
is a historical precedence for regional governance systems, e.g. [the] Ottoman water and land governance systems [that]
are [still] in force as of today in Palestine, Syria and Jordan”. Water scarcity is a regional common good that, together
with energy security, can make the WANA vision of creating a ‘Supra-national Community of Water and Energy for the
Human Environment’ a reality.
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Introduction

“The trouble with water — and there is trouble with water — is that they’re not making any more of it.”
Margq de Villiers, Water: The Fate of our Most Precious Resource

By 2050, the global population is projected to exceed 9 billion people, and with the continued increase in water demand,
it is expected that over 4 billion of these people will live in regions with chronically short water supplies (Clarke and King,
2004). Current demands are already placing massive pressures on global freshwater supplies, causing pollution, depletion
and inequalities in accessibility. As these demands grow exponentially, they will be compounded by the disruptive impacts
of climate change that will make some areas drier, other areas wetter, and increase the instances of floods and droughts.

Narrowing the gap between water demand and supply has become one of the greatest challenges of the 21 century, if not
the greatest. In order to meet this challenge, governments, businesses and civil society need to dramatically accelerate the
development of solutions that re-define our approach to water. To date, we have focused on supply-oriented approaches
that rely on ever-increasing withdrawals from our stressed water systems. Increasingly, leaders from public and private
sectors are recognizing that this approach is outdated and unsustainable, both from an environmental and an economic
perspective. The successful water management of the future will be defined by efforts to reduce demands through
conservation, efficiency, re-use, and the replenishment of our natural systems.

The pioneers are already shining a light on the path forward. Singapore has become a leader in reclaiming and recycling
water. Israel leads the world in irrigation efficiency. Ontario, Canada is seeking to build on its internationally recognized
water treatment technology sector. There are companies that are developing information systems to detect and monitor
water use along the entire length of a city’s distribution system; start-ups that are transforming wastewater into new
sources of energy or fertilizers and eliminating the waste stream in the process; business clusters that are seeking to
standardize best practices and regulations for water recycling; organizations that now track the water risk profile of the
world’s largest corporations; and investors who are focused entirely on innovation in the water sector. This is the beginning
of the ‘Blue Economy’, an economic paradigm in which water sustainability is rewarded and water profligacy means that a
particular city, business, or country is failing. How quickly society is able to shift to this paradigm will determine whether
it is up to the challenge.

1. Water Fuels the Global Economy

Water is the most valuable and irreplaceable resource on this planet. Without it, there would be no life. There would
also be no global economy. As well as being essential for basic human needs, water plays a critical role in the world’s key
economic sectors, from agriculture and food processing, to oil and gas production, to semi-conductor manufacturing.
Water literally fuels the economy.

And the more the economy grows, the greater the demand for water. Over the course of the 20" century, growth in
water use outpaced population growth. Per capita water usage has increased from 467 to 634 cubic metres per person
per year. For each incremental million dollars that is added to the global GDP, an additional 22,000 cubic metres of water
per year is needed (Lux Research, 2008).

By 2030, global withdrawals for agriculture alone could match current global withdrawals for all purposes (2030 Water
Resources Group, 2009). This projection does not include withdrawals for municipal, domestic or industrial purposes, all
of which are also on the rise, with industrial demand growing at the fastest rate (2030 Water Resources Group, 2009). It
is estimated that 40% of this additional industrial demand will come from China, much of it for thermal power generation
(2030 Water Resources Group, 2009). The omnipresence of water in our economy is hardly surprising when one considers
that water is part of the manufacturing process for nearly every product that is consumed — for cooling, for cleaning, for
extraction purposes, or as a direct ingredient. Every time a good is bought or sold, there is a virtual exchange of water
which is accounted for through the volume of water that has been used to manufacture a product (Allan, 2011). One
estimate from the UK shows that although average household water use, defined as water taken from the tap or flushed
down the toilet or sink, is around 150 litres per person per day, the amount of water actually consumed — which includes
the water in the goods that are bought — is more than 30 times that much (Chapagain and Orr, 2008).
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If the market value of water is more significant than most people realize, water’s non-market values are simply staggering.
Watersheds provide benefits that literally enable, and enrich, life on Earth. The non-market value of a watershed includes
water supply, water treatment, ecosystem support, hydrologic stabilization, carbon storage, pest control, climate regulation,
cultural benefits to indigenous communities, and recreational benefits and opportunities for a wide range of land users.
Many consider these benefits to be priceless, but by placing a dollar value to them, environmental economists are able to
reveal values that are generally hidden from common decision-making metrics, and these values are of larger magnitude
than ordinary market values. For example, the non-market value of Canada’s Mackenzie River Basin is estimated to be
CAD $570.6 billion per year, over 13.5 times the economic value of the extraction industries in the watershed (Anielski
and Wilson, 2010).

2. The Economic Opportunity in Addressing Water Risks

2.1. Risks

As contamination, unsustainable withdrawals, and climate change are threatening the global supply of fresh water,
population growth, urbanization and rising incomes are steadily increasing the global demand. Many countries are now
facing the reality of a sizable gap between the amount of water they can reliably supply to their economies, and the
amount that is actually needed. By 2030, given average economic growth and assuming no efficiency gains, global water
requirements could exceed the current accessible, reliable supply by 40% (2030 Water Resources Group, 2009). The
situation will be worse in some developing regions, where it is expected that one-third of the global population will be
living in basins with a water deficit greater than 50% (2030 Water Resources Group, 2009).

The greatest increase in water demands will come from China, the US and India due to population growth, increasing
irrigation for food production, and growth in GDP (Lux Research, 2008). By 2030, demand for water in India and China, the
most populous nations on Earth, will exceed their current supplies (2030 Water Resources Group, 2009). The strain on the
world’s agricultural and industrial sectors will be substantial, as these countries’ populations move towards middle-class
diets and consumption patterns. The lack of available water will be compounded by issues of water quality. Pollution in
China is already so widespread that 21% of available surface water resources are unfit even for agriculture (2030 Water
Resources Group, 2009).

In addition to risks to global and national economies, individual sectors are now beginning to identify water as a substantial
risk to their bottom-line (Carbon Disclosure Project, 2011). The power-generation, mining, semi-conductor manufacturing,
and food and beverage sectors are particularly exposed to water-related risks (JP Morgan, 2008). Many businesses are
already suffering water-related impacts. In 2011, Kimberley-Clark reported a US $2 million loss at a facility in Malaysia,
while The Southern Company reported US $200 million in unanticipated electricity costs in the US (Carbon Disclosure
Project, 2011). The first case resulted in curtailment of production; the second, compensating for reduced hydroelectricity
production. Ultimately, both impacts were the effects of drought (Carbon Disclosure Project, 2011).

Risk management is complicated by the fact that exposure to water scarcity and pollution is not limited to onsite production
processes, but extends all along supply chains (JP Morgan, 2008). It will be further complicated by climate change, which
is making the prediction of key climate variables increasingly difficult and exposing all sectors to the impacts of floods
and droughts.

2.2. Opportunities

Where there is risk, there is often opportunity. Financial analysts are now predicting tremendous growth potential for the
water sector, particularly for those businesses focused on efficiency, re-use and source diversification (Lux Research, 2008).
In fact, revenues of the world’s water-related businesses are forecasted to rise from US $522 billion in 2007 to nearly US
S$1 trillion by 2020 (Lux Research, 2008). The challenge to meet rising water demand presents myriad opportunities, in
several key areas, including the following:
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e Upgrading current water infrastructure. Domestic water use currently accounts for about 14% of global water
withdrawals (2030 Water Resources Group, 2009). The growing global population will need an additional 300
billion cubic metres of water per year by 2030 (2030 Water Resources Group, 2009). Meanwhile, the global water
infrastructure deficit — the costs required to upgrade water treatment and distribution systems — is estimated to
be a staggering US $26 trillion (Doshi et al., 2007). Fixing this infrastructure gap will require substantial investment
in maintaining and extending the life of existing infrastructure through leak detection, in situ pipe replacement
and optimizing water treatment facilities. Water supply and metering companies are therefore well positioned
to benefit, as are pipe, valve and pump manufacturers. In developing countries, this market is predicted to grow
at 8-10% per year for several years (UBS AG, 2011).

e Rethinking future water infrastructure. Fixing existing infrastructure will help manage existing water demand,
but meeting new demand for water will require different approaches to water infrastructure that move away
from large-scale centralized engineering projects to decentralized, small-scale technologies and practices that can
be deployed at the household or multi-residential scale. These technologies and practices will focus on on-site
water and wastewater treatment, re-use and recycling, rainwater capture, water-efficient product design and
cooling systems, and supporting green infrastructure such as urban wetlands to slow run-off and filter pollutants
(McKinsey Quarterly, 2010a). These solutions will create economic opportunities and jobs for a wide range of
innovators from plumbing to landscaping, to manufacturing to urban design and planning. One economic study
in the US indicated that direct investments in the order of US $10 billion in urban water efficiency could boost
US GDP by US $13-515 billion and employment by 150,000 to 220,000 jobs, and save between 6.5-10 trillion
gallons of water (Alliance for Water Efficiency, 2008).

e Getting to closed-loop industrial systems. Industrial processes currently account for about 16% of global water
withdrawals, increasing to a projected 22% by 2030 (2030 Water Resources Group, 2009). Moving and treating
these huge quantities of water in industrial processes such as power production, oil and gas development,
or manufacturing of steel is extremely energy intensive. As the price of both energy and water increases, the
market for solutions that maximize the efficiency of water is predicted to grow dramatically in just a few years
(McKinsey Quarterly, 2010a).

e Treating wastewater as a resource. Increasing attention is being paid to wastewater re-use, recycling treated
wastewater, and the possibility of generating revenue from industrial and municipal wastewater streams, such
as through energy generation and recovery of metals, fertilizers or other materials. It is believed that new
technologies have the potential to convert every municipal wastewater plant into a renewable energy generator
(Bloom and XPV Capital Corporation, 2010).

e Enhancing water productivity in agriculture. Agriculture currently accounts for about 71% of global water
withdrawals, and more than 80% of total withdrawals in the developing world, so the water challenge is closely
tied to food provision and trade (2030 Water Resources Group, 2009; McKinsey Quarterly, 2010b). Companies that
develop productivity-enhancing seeds, drip irrigation systems, no-till farming techniques and other agricultural
technologies are well positioned to benefit (McKinsey Quarterly, 2010b).

e Information technology to enable smart decisions. All key water-dependant sectors can be positively affected
by information technologies (IT). IT solutions will lead to better data collection and management, real-time
monitoring of and responding to dynamic systems, and more efficient use of input materials. The ability to
measure, standardize and report metrics is key to sound management. Knowing, for example, the probability of
rainfall and the soil moisture of a region and the water and fertilizer requirements of specific crops will enable
precision agriculture, which will yield ‘more crop per drop’ (WWF-UK & SABMiller plc, 2009).

Establishing a global Blue Economy is not just about technological innovation. As the examples in the following section demonstrate,
there is substantial policy, human, and financial innovation required in order to create an appropriate enabling environment
for solutions such as those outlined above to flourish. Governments need to show leadership and make water innovation a
political priority; public education programmes need to be supported to create the necessary public awareness and support;
universities and training institutes need to be encouraged to generate the necessary human capacity to innovate, demonstrate
and implement; and, financial institutions and investors need to develop knowledge of the opportunities, current and future.
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3. Pioneers in the Blue Economy

The economic risks and opportunities for water are only just beginning to register for most government and business
managers. However, a number of pioneers in the Blue Economy have emerged and are leading the way in the development
of new approaches, innovative technologies, and ways of working together to confront the challenge.

3.1. Leading jurisdictions

A handful of countries and geographic regions have established themselves as leaders in the ‘innovation ecosystems’
that lead to the creation of new water technologies, services and practices. For example, despite a lack of abundant local
source water, Singapore has recognized the growing opportunities in the water sector and is investing to become a global
‘hydro hub’ (2030 Water Resources Group, 2009; IBM, 2009). The country’s national water agency, PUB, is working to
reduce reliance on imported water (from Malaysia) and costly desalinated water by increasing the supply with reclaimed
water and driving down demand through a conservation plan. The reclaimed water, called NEWater, involves separating
the collection and redirection of wastewater and run-off rainwater and treating used water with advanced-membrane
filtration. Through its innovative efforts, Singapore aims to generate roughly 11,000 professional and skilled jobs by 2015
(2030 Water Resources Group, 2009).

Israel is another country with scarce water supplies that has turned a vulnerability into a major asset. Since 1964, the
Israeli population has nearly tripled; however, Israeli farmers have succeeded in producing nine times the amount of
food with a mere 3% increase in water consumption (IBM, 2009). This productivity is typically attributed to the sector’s
technological prowess, and indeed Israel is a global leader in precision agriculture. However, this technological advancement
was made possible by placing proper valuation on water, investing in advanced education, creating platforms for new
business ventures, and developing programmess to attract private funds (Cleantech Group, 2011; IBM, 2009). Israel’s
Novel Efficiency Water Technologies (NEWTech) programme has produced 26 government-funded water technology
incubators, which have attracted nearly US $700 million in private investment (Cleantech Group, 2011). Israel boasts
more than 250 water technology businesses, which, when combined, exported US $1.4 billion worth of goods in 2008
(2030 Water Resources Group, 2009).

Scarcity is not the only driver of innovation in water. The need to remove pollutants, to reduce energy and other costs
associated with water distribution, and to replace or repair aging water infrastructure, is common to many regions of
the world, wet or dry. Governments that share the North American Great Lakes basin, a region that contains 20% of
the world’s fresh surface water supplies, have identified water as a key economic asset. The region faces challenges
related to water pollution concerns, crumbling water infrastructure, and water stress in urban areas located away from
the lakes. It is also a region that has gone through economic decline due to a loss in its traditional manufacturing base,
particularly in sectors such as auto manufacturing. Meanwhile, it has produced some major technological innovations in
water and wastewater treatment, such as the ground-breaking treatment technologies of Trojan Technologies and ZENON
Environmental (purchased by General Electric in 2006).

To build on the successes of Trojan and ZENON and as part of a broader push towards a green economy, the Ontario
Government in Canada recently passed the Water Opportunities and Water Conservation Act, with the goal of making
Ontario the North American leader in the development and sale of water conservation and treatment technologies.
To achieve this goal, it has created the Water Technology Acceleration Partnership (WaterTAP) to support research,
development and commercialization of new technologies and innovations in the water sector. Similarly, the Milwaukee
Water Council in Wisconsin, USA was created to convene and build partnerships between the research clusters and more
than 130 water technology companies in the region. The Council aims to establish the Milwaukee region as a ‘World Water
Hub’ for water research, economic development, and education. Another water hub is emerging just south of the Great
Lakes basin in southwest Ohio, southeast Indiana and northern Kentucky, USA where, in 2011, the US Environmental
Protection Agency (EPA) launched the Water Technology Innovation Cluster (WTIC). WTIC aims to establish the region as
a global leader in sustainable, environmental technology innovation, with an initial emphasis on water.

Innovation is not limited to highly developed jurisdictions. The city of Durban, South Africa is working to provide adequate

drinking water and sanitation to each resident of its growing population, whether wealthy or impoverished. Low pressure
delivery reduces the amount of drinking water lost to leakage. More than 60,000 urine diversion toilets and nearly another
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60,000 ventilation improved pit latrines require less water for flushing (IBM, 2009). Yellow waste could one day be used
for fertilizing urban crops; black waste, for urban agroforestry (IBM, 2009).

3.2. Innovative businesses and partnerships

Governments have a key role in stimulating the Blue Economy by fostering innovation, supporting commercialization of
new solutions, reversing perverse subsidies and establishing the right price signals. But to seize these opportunities, the
world is also going to require pioneers that are ahead of governments and can show the way forward.

One pioneer that is establishing itself in this space is IBM. IBM has launched the Global Innovation Outlook (GIO) to
convene diverse actors and explore a variety of pressing topics, including the future of the world’s water resources. The
company is active in promoting advanced information gathering and analysis as a key part of environmental decision-
making. And in 2011, it pledged CAD $20 million of technology investment in the Southern Ontario Water Consortium in
Canada to partner with eight universities and over 70 companies to create a new platform for innovation in watershed,
wastewater and drinking water management.

Examples of pioneering companies can be found throughout the world:

e APTwater: A US company that has developed a revolutionary technology that can remove nitrates and other
oxidized contaminants from agriculturally-impacted source water without producing waste.

e TaKaDu: An Israeli company providing software for water utilities to monitor their networks, detect leaks and
address inefficiencies in delivery.

e AquaZ: a Danish company making sea water desalination economically viable through the use of biotechnology
and nanotechnology.

e Water Health: a decentralized water utility that is delivering access to clean drinking water in underserved
communities in India, Bangladesh, Ghana and the Philippines for less than US $10 per person.

e Ostara: a Canadian company that recovers nutrients (nitrogen and phosphorus) from municipal and industrial
wastewaters and transforms them into fertilizer.

Business clusters are also beginning to work together to collect, share and standardize data on water conservation and
protection (IBM, 2009). For example, a group of 12 international corporations, including Nestlé Waters and The Coca
Cola Company, has formed The Beverage Industry Environmental Roundtable to share best practises concerning water
resource management. Other businesses have forged partnerships with environmental organizations. SABMiller plc,
one of the world’s largest brewing companies, has partnered with WWF-UK to address the issues of water scarcity and
pollution faced by SABMiller’s local businesses and surrounding communities. The partnership has yielded ground-breaking
‘water footprints’, indicators of water use that consider both the direct and indirect water use of a consumer or producer,
and enable the assessment and reduction of water risk (WWF-UK & SABMiller plc, 2009). Another creative partnership,
Aqueduct, was formed by several private companies, the Dutch Government and The World Resources Institute, a global
environmental think tank. The Aqueduct partnership is a tool that measures and maps water-related risks, and can be
used by companies, investors, and others to track water risks at a scale appropriate for developing sound business and
investment strategies.

3.3. Non-governmental collaborations

A number of non-governmental organizations are also taking a strong interest in water risk and opportunity. The Carbon
Disclosure Project is now producing an annual Water Disclosure Global Report, designed to provide data that informs
decision-making, to increase investor and business awareness of the financial risks and opportunities around water, and
to report on global standards and corporate practices related to water (Carbon Disclosure Project, 2011). The 2030 Water
Resources Group was formed in 2008 to contribute new insights to the issues of water resources scarcity. Its members
include McKinsey & Company (a global management consulting firm), the World Bank Group, and a consortium of
business partners. In 2009, the Group, guided by hundreds of specialists and public sector practitioners, published the
report Charting Our Water Future: Economic Frameworks to Inform Decision-Making (2030 Water Resources Group, 2009).
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Other non-governmental collaborations, such as The Blue Economy Initiative in Canada, are national in scope. The Blue
Economy Initiative is a project founded by the Royal Bank of Canada, the Canadian Water Network and the Walter and
Duncan Gordon Foundation. The initiative seeks to catalyze Canadian leadership in the Blue Economy by illuminating
the economic benefits of sustainable water management, including risk avoidance, improvements to efficiency and
productivity, and the employment and economic opportunities arising from innovation in the water sector (Blue Economy
Initiative, 2011).

3.4. Investors

One sign that the Blue Economy is beginning to materialize is the growth of venture capital investment. According to Lux
Research, 2007 was water’s breakout year as a venture investment category, with 59% of the US $1.12 billion invested in
water by venture capitalists coming after this date (Lux Research, 2008). Some venture capital firms, such as XPV Capital,
based in Canada, have developed portfolios entirely around the water opportunity. Yet when compared to the broader
clean-tech sector, water still garners a relatively modest share, only about 3% of total clean-tech venture investments
(Cleantech Group, 2011). Further investment is likely being slowed by concerns about when to market, slow adoption
processes, uncertain regulatory environments, and the threat of large competitors (Cleantech Group, 2011).

4. Key Principles for the Blue Economy

To close the growing gap between global water supply and demand, innovations like those mentioned above will need to
become increasingly mainstream. For this to happen, successful players in the Blue Economy will be those governments,
businesses, organisations and partnerships that heed the following key principles:

e Knowing and understanding the value of water. The world has entered a knowledge-based economy, but many
gaps still remain in most countries’ basic understanding of water. The starting point needs to be the creation of
detailed water accounts that track water systems — rivers, lakes, and aquifers — within a country, including which
ones are stressed, how much water is being withdrawn and by whom, which are the dependent ecosystems,
and what the requirements are for sustainability. These accounts need to reflect water’s many values, including
non-market environmental and social benefits, and be incorporated into a full cost pricing of water for all water
use sectors.

e Adhering to a conservation ethic that underpins the Blue Economy. Augmenting the current global water supply
will not close the growing gap between supply and demand. Boosting water efficiency and focusing on re-use,
recycling and supporting green infrastructure should be the bedrock for the Blue Economy. Increasing water
productivity in agriculture will be a fundamental part of the solution as farmers use more than 70% of current
global water withdrawals.

e  Getting the public on board. With the exception of countries facing severe water scarcity, the general public has
continued to believe that fresh water is abundant. In order to create a public and political appetite for innovation
and new approaches, this myth has to be broken. Governments, non-governmental groups and businesses should
work together to raise the water literacy of their citizenry.

e Noone can do it alone. To date, the brightest innovations have involved active collaboration between governments,
the private sector, research institutions, non-profit organizations and communities. Making progress on the Blue
Economy requires these creative partnerships to bring together diverse knowledge and expertise necessary to
address increasingly challenging water issues.

e |t’s about people, not technology. The most innovative water technologies will have no value unless the human
capacity exists to install, operate and manage them. Moreover, much of the innovation required to stimulate
appropriate water solutions will need to come from the people designing the governance frameworks that embed
policies, pricing structures, new institutions and incentive programmes to support the Blue Economy.
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5. The Bottom Line

It is widely acknowledged that water is essential for life, and yet water availability is still being taken for granted. This must
change. It is time for all sectors of society to take seriously its role for unearthing and implementing the water solutions
necessary to maintain life and well-being. It is time to harness the combined powers of government, business and civil
society to reward sustainable approaches to water management and discourage the polluters and profligates. It is time
to recognize the true value of water and the importance of a global Blue Economy.
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Introduction

The notion of water security has received an increasing level of interest from the international development community
as well as research and academic groups. It appears to take vastly different meanings in different groups, audiences and
contexts. It is also intertwined with the broader ongoing dialogue around the notions of human security versus national
security. Not only does security relate to the more conventional concepts of protecting a country against external threats
to its territorial integrity, but also includes non-conventional elements such as human security, economic security, social
security, environmental security and protection of infrastructure (Liotta, 2002).

There are two broad interpretations of water security, as follows:

First, it is a matter that relates to the security of nations, their peoples and natural resources. A lack of such security
can then be correlated to the potential for armed conflict, civil unrest and outright wars, with countries as the primary
players. This territorial- and sovereignty-focused approach has received some credence due to the statements offered
by some prominent politicians, statesmen and researchers. The most prominent amongst these is the former United
Nations Secretary-General, Mr. Boutrous-Boutrous Ghali, who famously declared in the early 1990s that the next set of
wars will be fought over water and not oil (Bencala and Debalko, 2008). Even a superficial analysis debunks this theory,
particularly when one considers that the recent major wars in Afghanistan (2001- ), Iraq (2003 -), and Libya (2011) were
not motivated by water security. Nonetheless, the notion of water security as one tied to armed conflict has persisted
and is often considered as a valid approach in the political science arena.

A second approach has emerged more recently, which defines water security in a more anthropocentric context. It is
argued that water security should be construed as a basic and fundamental element of ‘human well-being’. Human well-
being was defined more broadly in the Millennium Ecosystem Assessment (MA, 2005: v), as follows:

“Human well-being is assumed to have multiple constituents, including the basic material for a good life,
such as secure and adequate livelihoods, enough food at all times, shelter, clothing, and access to goods;
health, including feeling well and having a healthy physical environment, such as clean air and access to
clean water; good social relations, including social cohesion, mutual respect, and the ability to help others
and provide for children; security, including secure access to natural and other resources, personal safety,
and security from natural and human-made disasters; and freedom of choice and action, including the
opportunity to achieve what an individual values doing and being.”

The declaration by the United Nations General Assembly in July 2010 of the access to drinking water and sanitation as
a basic human right is an explicit manifestation of this latter approach. It recognizes that a lack of access to drinking
water and sanitation services is a global human development challenge, and the numbers to support this are staggering:
780 million of those without access to improved sources of drinking water and 2.5 billion without adequate sanitation
(UNICEF and WHO, 2012). The worldwide death toll associated with this problem is around 3.5 million each year, about
half of whom are children under the age of five. Women and children are the primary victims; in particular, the lives and
educations of girls are impacted the most.

It is interesting to note that if we start with the anthropocentric approach to water security and place value on the
importance of human well-being, we still arrive at the former approach of securing water resources at the national and
international (basin-wide) levels, and minimize the potential for armed conflict as a result. It provides a different lens
through which conflicts amongst competitive water users, including nation-states, could be viewed. To take the argument
a bit further, it may be argued that water security for the individual has to be one of the ultimate goals for economic and
social development and efforts to reduce poverty.

1. The Human Development and Security Nexus

The United Nations Development Programme (UNDP) provides a fundamental argument that human security in general
can be achieved through an enhanced focus on human development (UNDP, 1994). This is a significant departure from
the conventional and dogmatic thinking that security can only be built through strong military apparatus: development
of armed forces, acquisition of arms and ammunition. This conventional paradigm further argues that a strong military
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apparatus assists nation-states in achieving a strong negotiating position, and ultimately, favourable treaties and conventions.
Emerging thinking in the development community increasingly argues that human well-being is tied to having politically
viable and economically stable states, which eventually does more to ensure the security of nations as well as individuals
in comparison to the more conventional approaches.

The question then emerges: what elements of the international development agenda need to be modified to achieve
human security? UNDP (1994) indicates that success in such a development paradigm is contingent on revamping
traditional development cooperation so that it encompasses all economic flows within a country. This approach would
essentially create a strong link between poverty reduction, economic development and the focus of overseas development
assistance. Development of the Poverty Reduction Strategy Papers by many developing countries in the late 1990s, with
the assistance of the World Bank, International Monetary Fund and other development partners, were manifestations of
this thinking (World Bank and IMF, 2005). The main idea remains that the ‘development assistance envelope’ should be
cast wide enough to include national economic flows in addition to the foreign ones. Some have argued that this needs
to be taken a step further, with certain fractions of the national budget, say 20% as an aspirational target, set aside in
order to directly serve this development agenda. In other words, this 20% of national budgets as well as 20% of foreign
aid should be allocated to serving the human security agenda.

Implementing this notion of human security through economic and human development, however, faces a number of
roadblocks. In most democracies and almost all dictatorial governments, there are often a number of competing political
interests. These political counter-interests typically operate on shorter cycles, whereas successful implementation of a
development and human security agenda may require anywhere from 5 to 20 years to be achieved. Politicians, therefore,
are inclined to invest more in what are perceived as short-term gains. Reversing this trend requires some detailed policy
analysis and documenting evidence in support, as well as ensuring that some short-term benefits are also clearly available.

Another related challenge is the shortage of capital for investment in human development initiatives. Lack of prioritization
by governments and insufficient allocation of budgets is typically echoed in the private sector as well as in foreign aid.
Private capital investments are typically absent in situations where returns on investment are perceived to be insecure;
ironically, this is the case for societies and communities where the need is most often the greatest. This shortage of capital
is further exacerbated by the siphoning-off of national funds and foreign aid; corruption remains a major element of this
adverse development environment.

Yet another major challenge in effective implementation of the development agenda is the lack of institutional capacity. The
gaps in human and technological capacity are further amplified by the absence of institutional structures. In the context
of governance, capacity entails the ability of governance institutions — including the legislature, executive, judiciary, civil
society and the private sector — to undertake and perform their mandated functions efficiently and effectively. In the
context of scientific and knowledge institutions, this capacity entails the ability to understand, analyze and recommend
corrective actions based on scientific evidence. In the absence of these institutional elements, best-designed programmes
for economic and social development can and have gone astray. Therefore, institutional capacity development must also
be a central element of a successful human security, and development, agenda.

2. Water as a Building Block for Human Security

Access to safe drinking water and sanitation lies at the heart of human well-being and it is central to developing an
international development agenda based on human security. Most prominently, it is now documented that provisioning
of safe drinking water and adequate sanitation services can form the basis for reducing poverty — by improving livelihoods,
creating jobs for local communities in developing countries engaged in the initiative, removing the cycle of disease that
reduces productivity of those without access to these services, and by re-directing the savings in the health sector to other
imperatives (UNDP, 2006). Ensuring access to water for human consumption often requires balancing off against other
consumptive uses — the most critical being water for agriculture and food production, which presently consumes 70% of
global water resources and relates to the Millennium Development Goals around hunger (UN-Water, 2012). Water, thus,
gains the center stage in the development agenda.

It is argued in this paper that the following four components must be put in place for water to effectively transform the
international and national development agendas.
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First, there has to be tangible short-term gains. Such gains are essential to purchase political viability on the one hand, and
to create a positive momentum on the other. Political viability can usually be described in the form of economic benefits.
Increased economic activity, particularly for the so-called ‘base of the pyramid’ poorest segment of population, can lead
to the creation of new jobs and opportunities for local entrepreneurs. This job growth and enhanced economic activity
could be viewed in the context of the emerging ‘Green Economy’, and more generally as a part of the economic recovery
from the financial crisis of 2008 and 2009. Most political and policy players would readily accept creation of jobs alone
as a positive and significant public relations element.

Second, there should be mobilization of financial capital and resources for on-the-ground implementation and deployment of
services. Presently, the majority of capital emanates from the public sector and is provided as either overseas development
assistance or as part of national budgets (UN-Water, 2010). Given the fact that 780 million people are without access to
an improved drinking water source and 2.5 billion are without access to adequate sanitation services, the current modus
operandi of depending on public sector financing is clearly insufficient (UNICEF and WHO, 2012). Additional capital needs
to be mobilized through effective engagement of the private sector, while providing adequate and effective oversight
for it through the public sector. Such capital mobilization requires a policy environment that is conducive to protecting
investments from the private sector; political stability itself plays a key role in providing assurance to investors. While there
are many models and examples of public-private partnerships, the rate of successes and failures are likely comparable,
pointing to the need for a careful analysis of private sector engagement and involvement of all stakeholders in designing
initiatives around public service provisioning.

Third, there must be a mechanism in place that can minimize corruption and graft, which lead to the loss of a significant
amount of resources. Systematic statistics on corruption are difficult to come by; Transparency International estimates
that about 20 to 40% of official development assistance gets siphoned off due to corruption (Transparency International,
2009). This leads not only to the loss of critical financial resources, but also in overall ineffectiveness of solutions and
services that are eventually provided; many donor agencies and development banks now impose constraints around
‘good governance’ as a counter-measure. Overcoming corruption is a great challenge for most developing countries, but
a number of broad approaches have led to significant improvement. Wide stakeholder engagement, particularly of the
communities that are to be recipients of a development initiative, can lead to greater transparency and public pressure —
both critical in minimizing corruption. Greater transparency in information flow on the one hand and enabling watchdog
organizations on the other can also significantly reduce the impacts of corruption.

Fourth, institutional capacity development must be centralized into all development initiatives. These institutions range
from enabling and strengthening community-based organizations to national legislations to those involved in undertaking
applied research, analysis and development. Enabling institutional development presently receives scant attention from
the international development community; that needs to change drastically if truly sustainable and long-term development
solutions are to be successful. Such change requires a major re-prioritization of overseas development assistance. We can
argue that the United Nations system can play a central role in such capacity development efforts. Through its various
organizations and agencies, the UN system collectively possesses the technical resources, the human resources, and the
linkages with national and sub-national governments that are needed for institutional capacity development. Coordination
mechanisms like UN-Water, including the United Nations Water Decade Programme on Capacity Development (UNW-
DPC), must play a central role in bringing together the resources for assisting UN country teams and the responsible
government agencies.

Conclusions

A broader perspective around water security is essential for bringing about a positive change — and such change has to
relate to economic and social development, and must eventually lead to improvements in human well-being. Water security
is also closely tied to other elements of security: national security, human security and security against calamities caused
by a multitude of factors including terrorism, climate-related extreme events and natural disasters, among others. The UN
Security Council already considers climate change to be an issue that falls under its purview, and even those climate change
issues are manifest as extreme water-related events: floods, cyclones, hurricanes and droughts. Similar and augmenting
arguments can be made that water also relates to all dimensions of security, and recognizing and addressing it as such
can help to achieve international and national security overall.
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By ensuring that the international and national development agenda is addressing the fundamental issues around water
— not just drinking water and sanitation services, but also including issues pertaining to competitive uses of water by
various sectors — we can ensure that human security is achieved. This holistic view also helps to address other pressing
concerns around human development: the creation of green sustainable jobs and reducing poverty, including in the
agricultural sector; reducing impacts on human health and the burden on the public health sector; improving maternal
and child health; increasing sustainability of ecosystems; helping to increase the education level in developing countries,
particularly for girls; and, ensuring that proper institutions are in place for effective governance and development.
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Introduction

Clean and safe water is an important resource in building healthy and progressive communities. By widening and enhancing
access to clean and safe water, nine percent of the global burden of disease can be alleviated and 3.5 million deaths
can be prevented annually (Priiss-Ustiin et al., 2008). The socio-economic impacts from the prevention of water-related
deaths and diseases are tremendous; for each US $1 invested in improving access to water, communities reap benefits
in productive time and avoidance of treatment costs worth between US $2-512 (Edwards, 2011).

Today, safe water supply evades some 780 million people, or approximately 11% of the world’s population (UNICEF and
World Health Organization, 2012). From an overall perspective, this is a marked improvement from 1990, where almost
one-quarter of the global population did not have access to clean and safe water. However, these improvements were
mostly made in East and South Asia; countries in the sub-Saharan Africa and Pacific regions still lack adequate access, with
each region registering water supply coverage of 61% and 54% respectively (UNICEF and WHO, 2012). It is no coincidence
that cholera, a disease that thrives where there are deficits in water and sanitation, is prevalent in both these regions®.

As efforts continue to connect the growing global population to safe water supply, considerations need to be afforded to
demographic, economic and social pressures. These pressures not only affect access, but also the quantity and quality
of water supplies. Mounting pressures could cause increases in a country’s virtual water need, that is, the water used to
produce goods and services. Higher consumption of virtual water not only affects the sustainability of access of communities
already linked to water supplies, but also the availability of water to communities that have not gained access to water
as resources are diverted to meet other existing demands (see Box 1 on Water Shortages in China).

This paper examines the linkages between water security (in terms of quantity and quality) and human health, summarizes
potential health impacts from water deficits, and examines the implications for socio-economic development.

Box 1. Water Shortages in China

China faces water shortages from the singular and interactive effects of high water losses through supply
infrastructure, effluent contamination, and rising water demand from the agricultural sector. These shortages
greatly affect food production, the largest water user in China (constituting 71% of China’s total freshwater
demand) (Amarasinghe et al., 2005).

As a workaround solution to fulfill domestic demand for food, China has begun to establish farms in Argentina,

Australia, Brazil, Kenya, Russia and Zimbabwe (Economy, 2011). China’s virtual water consumption has clearly
grown, but the burden of meeting this demand has been shifted to other countries.

1. Water Quality and Health

Rivers, lakes, and aquifers are vulnerable to pollutants, which intensify the occurrence of water-related diseases by impairing
water use, and introduce new health risks associated with the presence of pollutants in the human body. Pollutants can
be broadly categorized as human-induced, or naturally occurring. Human-induced pollutants enter waterways through
unmitigated discharge of untreated or insufficiently treated domestic and industrial wastewater (point sources), and
agricultural run-off (non-point source). Pollutants that occur naturally, also termed geogenic pollutants, are usually found
in groundwater. The concentration of geogenic pollutants in groundwater resources may be aggravated by human activities
that infiltrate or fracture the surrounding rock or substrata.

In 2009, of the 206,183 cases of cholera reported worldwide, 98.7% cases occurred in sub-Saharan Africa, with the remainder occurring in the
Pacific (World Health Organization, 2011b).
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1.1. Human-induced Pollutants

Domestic wastewater comprises dissolved and suspended impurities from households. Untreated or insufficiently
treated wastewater is typically contaminated with human excreta, which can cause traditional health risks. In recent
years, domestic wastewater has been observed to contain trace quantities of pharmaceutical and narcotics, which would
present health risks over prolonged exposure. However, in studies conducted in Australia, the United Kingdom and the
United States, scientists assure that such risks are highly unlikely as the level of contaminants do not approach significant
levels (WHO, 2011a).

Pollutants found in industrial wastewater can be broadly classified into three categories: chemicals and heavy metals,
organic matter, and fouling substances such as oil. The release of these pollutants into waterways varies by industry,
which runs the gamut from manufacturing to mining to power generation. In most countries, there exists standards
guiding the treatment of wastewater for release into waterways; however, these standards may not always be observed
or implemented. Thus, water sources that receive industrial effluents may become tainted, and present health risks when
used for drinking water or irrigation (see Box 2 on Contaminated Crops in India).

Box 2. Contaminated Crops in India

In Varanasi, a suburban middle-sized city in India, treated and untreated wastewater is used to irrigate crops. Over
the long term, heavy metal pollutants (cadmium, copper, lead, zinc, nickel and chromium) from the wastewater
have leached into the soil, and can be detected in significant amounts in the vegetables grown in these farms.

While concentrations vary depending on the type of vegetable grown and the part of the vegetable that was
sampled, some of the detected amounts greatly exceed allowable limits, rendering these vegetables unsafe for
consumption. Figure 1 below illustrates lead concentrations in spinach grown in Varanasi.

Source: Singh et al., 2010

Indian standard
European Union standard

concentration in microgramme per gramme

Figure 1. Concentration of lead in spinach grown in different seasons at different sites across Varanasi, India
(Source: Singh et al., 2010)
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Agricultural pollutants include chemical compounds from fertilizers and pesticides, and animal waste. Run-off from
farmland washes away into open water sources, causing contamination, oxygen depletion and eutrophication (see Box
3 on Eutrophication in Lake Tai, China). Pesticides, which can leach into aquifers through soil, are also at risk of entering
the food chain through bio-accumulation.

Box 3. Eutrophication in Lake Tai, China

The Lake Tai basin, which hosts Wuxi and Shanghai among other cities, generates more than 20% of China’s gross
domestic product (GDP). Lake Tai, the main water source of the basin, nourishes more than 30 million residents.

In 2007, Lake Tai experienced a blue-green algal bloom, thought to be facilitated by phosphorus-rich agricultural
and industrial run-off from the 1,300 industries situated within the basin. Blue-green algae release a chemical
substance called microcystis, which causes vomiting, diarrhoea, headache, muscle pain, paralysis, respiratory
failure or even death when consumed. Realizing the detrimental effects of this incidence, the Chinese government
has since implemented efforts to clean Lake Tai by 2012.

(Source: Pangare et al., 2012.)

1.2. Naturally-occurring Pollutants

In some regions, geogenic elements such as arsenic, fluoride and iron can be found in groundwater resources. While
naturally occurring, human activities such as mining and groundwater extraction can cause these elements to accumulate
further in groundwater (see Box 4 on Groundwater Resources in Bangladesh). Prolonged exposure to these elements may
result in serious health problems and deformities.

Box 4. Groundwater Resources in Bangladesh

In low-lying Bangladesh, surface waters are rife with organic contaminants, and are unfit for consumption. Large-
scale programmes were introduced by aid agencies to introduce the use of groundwater, thought to be relatively
safer than untreated surface water sources.

However, in the past three decades, it was discovered that aquifers in Bangladesh had high concentrations of
naturally-occurring inorganic arsenic. The high concentrations observed are thought to be triggered by the short
period in which groundwater extraction was undertaken (Pangare et al., 2006). It is estimated that 60% of the wells
established throughout the Ganges-Brahmaputra river basin are abstracting water with arsenic levels exceeding
WHO limits, leading scientists to conclude that between 35-77 million Bangladeshis are at risk of arsenic poisoning
(Smith et al., 2000).
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Table.1. Water pollutants and human health impacts (adapted from Pangare et al., 2006).

Pollutant Pathway into water Impacts
Arsenic e Natural occurrence in e Cancer of the bladder, lung and skin
groundwater o Birth defects
o Skin lesions
e Gangrene
e Respiratory ailments
Fluoride e Natural occurrence in e Dental and skeletal fluorosis
groundwater e Gastrointestinal disorders
e Artificial introduction to o Infertility
groundwater through mining o Kidney impairment
Nitrate o Artificial introduction to surface e Methemoglobinemia in infants
water through use of fertilizers e Oral and gastrointestinal cancers
and industrial wastewaters e Vascular dementia
o Nitrate-based fertilizers applied e Absorptive and secretive functional disorders of the
excessively leaches into intestine
groundwater e Neural tube defects
Persistent e Surface run-off contaminated e Acute poisoning causes skin and eye irritation,
organic with herbicide and pesticides respiratory problems, systematic poisoning and
pollutants  ® Herbicide and pesticide leaching death
(POPs) into groundwater e Continuous exposure causes nervous disorders,

anaemia, sterility, mental deterioration, birth
defects, premature birth, neonatal deaths and

cancer

Heavy e Natural occurrence e Multiple health impacts including but not limited to

metals e Discharged as effluent from organ damage and failure, impairments in human
manufacturing, mining and development, genetic disorders, cancer

thermal power plants

Water-related diseases are caused by consumption or contact with water contaminated with pathogens such as bacteria,
parasites or viruses. Contamination may occur at source, en route while passing through poorly laid and maintained pipelines,
or at water storage facilities that have not been effectively secured. Source contamination occurs at unimproved open
water sources, such as lakes and rivers. These open sources are used for multiple purposes, including in situ bathing and
washing, which facilitates the transfer of germs from infected individuals to the water bodies. Poor water infrastructure
allows pathogens from the surface or the surrounding substrata to enter the water supply; this is especially critical when
sewer systems are similarly inadequate as sewage may mix with drinking water. Stored water that is left uncovered and
stagnant provides vectors such as mosquitoes with breeding grounds, and encourages the proliferation of pathogens.

Health risks related to poor water and sanitation facilities are termed ‘traditional risks’ (WHO, 2009), and are typically
associated with poverty. These risks are commonly seen in developing countries, but permeate developed countries as
well, particularly in marginalized communities such as those living in slums or in rural areas. The World Health Organization
in 2009 estimated that in low-income countries, water-related diseases are the second leading cause for loss of healthy
life, and the fourth leading cause of death (WHO, 2009).

About half of all water-related diseases are linked with pathogens found in human excreta (Pangare et al., 2006). These

diseases are categorized as diarrheal diseases, and are responsible for 2 million deaths each year. Other diseases related
to water are those that are vector-borne, or water-washed (related to person-to-person contact) (see Table 2).
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Table 2. Water-related diseases (adapted from Lvovsky, 2001; Pangare et al., 2006; and Priiss-Ustiin et al., 2008).

Disease Diseases Disease type Transmission
category
Diarrheal Diarrhea, cholera, | Gastrointestinal Faecal-oral route; drinking water contaminated
diseases dysentery, infection with faecal matter
typhoid,
amoebiasis,
giardiasis,
rotavirus
gastroenteritis
Vector-borne Lymphatic Parasitic Borne by black flies and mosquitoes which breed
diseases filariasis, malaria infection in stagnant water
Dengue, Japanese | Viral infection Borne by black flies and mosquitoes which breed
encephalitis, in stagnant water
yellow fever
Schistomiasis Parasitic Borne by aquatic snails
infection
Blindness Onchocerciasis Nematode Borne by black files
infection
Trachoma Bacterial Person-to-person contact; water deficits result in
infection poor personal hygiene and increased risk of
transmission
Cutaneous Dracunculiasis Nematode Drinking water contaminated with nematodes
diseases infection
Scabies Parasitic Person-to-person contact; water deficits result in
infection poor personal hygiene and increased risk of
transmission
Paralysis Poliomyelitis Viral infection of | Faecal-oral and oral-oral routes; drinking

the central
nervous system

contaminated water

Liver disease

Hepatitis A and E

Viral infection

Faecal-oral route; drinking water contaminated
with faecal matter

2. Implications for Social and Economic Development

Water is required for human and domestic consumption and for productive purposes at different levels, from household
to national. There are minimum standards of water quality required for different uses. However, increasing global water
scarcity and deteriorating water quality as a result of pressures and demands and competition for water resources from
different sectors often necessitates the use of water which may not meet the quality standards for particular uses. The
problem is aggravated due to inadequate disposal of polluted or contaminated water in water bodies such as rivers, lakes
and wetlands. In addition to increasing health risks for nearby populations from contact with these water bodies, the
toxins that accumulate in these water bodies have a negative impact on the environment, destroying aquatic plant and
animal life. Consumption of fish from these contaminated water bodies can also be harmful for humans and animals.

Greater use of poor-quality water for consumption and production purposes increases health risks in the community. For
example, over-extraction of groundwater for drinking, agriculture and industry has increased the incidence of fluoride
and arsenic in these water sources. Many people are forced to drink fluoride-contaminated water due to the scarcity of
safe fresh water. In India alone, more than 90 million people are at risk from fluoride-related health problems (Pangare
et al., 2006) (see also Box 4 on Groundwater Resources in Bangladesh).
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In many urban and semi-urban areas, treated or partially treated wastewater is used for irrigation. The UN World Water
Development Report 2003 estimates that approximately 10% of total irrigated land in 50 countries is irrigated with raw or
partially diluted wastewater (UNESCO, 2003). Untreated wastewater contains pathogens, many of which can survive in the
environment, on crops and soil, and enter the food chain posing health risks to farmers and their families and consumers
in nearby communities (see also Box 2 on Contaminated Crops in India). But wastewater also contains nutrients that are
beneficial for crop production, reduces the requirement for adding chemicals and fertilizers, and contributes to water and
nutrient conservation. While it is true that the use of wastewater for irrigation has its advantages in terms of providing
a low-cost source of water for food production and for use in urban and peri-urban areas in water-scarce regions, it is
important to ensure that the costs of the health risks do not outweigh the benefits.

Water-borne or water-related diseases such as diarrhea, which is widely prevalent, can cause long-term damage to
households and the local economy. Individuals suffering from these illnesses are unable to work, study or provide for
their dependents. lliness in the household also increases the work burden of caretakers, particularly women. Chronic or
long-term water-related diseases are aggravated by poverty, and in turn cause heavy economic and welfare losses to the
individual and the household. At an aggregated level, particularly in developing regions or in countries that have limited
or inadequate health care provisions, the local or national economy could be adversely affected by the loss of productive
manpower and public health costs. The Economics of Sanitation Initiative? of the Water and Sanitation Programme of
the World Bank estimates that the annual economic losses from inadequate sanitation amount to between 1%-2.5% of
GDP, with the majority of these costs coming from premature deaths, including in children under the age of five (Water
and Sanitation Programme, 2012).

Conclusion

The implications of inadequate water security, whether in terms of access, quantity or quality, are of great concern. Clean
and safe water is the keystone to healthy ecosystems and healthy communities as prolonged exposure to pathogens and
toxic elements will negatively affect human populations and ecosystem biota. An important step towards improving and
safeguarding public and ecosystem health would be to include and monitor health-based targets, for both humans and
ecosystems, along with economic targets in political and government agendas. Government leaders and finance ministers
need to understand the relationship between clean and safe water, improved health and GDP. Political will combined
with behaviour change of users and consumers and a change in attitude and mindset of decision-makers is necessary to
ensure that national priorities for water use and allocation take into account public and ecosystem health.

2 The Economics of Sanitation Initiative studies conduct quantitative and qualitative assessments of the impacts of poor sanitation on health, water,
tourism, and other welfare impacts. The impacts stem from well-established links between: sanitation and disease incidence; water pollution, which
also affects the productivity of water resources by way of lower fisheries output; productivity in work and school; and a country’s attractiveness as

a tourist destination. Health and water resources contributed most to the overall economic losses estimated in the study. Poor sanitation, including
hygiene, caused at least 180 million disease episodes and 100,000 premature deaths annually. The resulting economic impact totalled more than US
$4.8 billion per year (Water and Sanitation Programme, 2012).
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Introduction

In September 200

0, world leaders came together to commit their nations to a new global partnership to reduce extreme

poverty. They set out a series of time-bound targets — with a deadline of 2015 — that have become known as the Millennium
Development Goals (MDGs):

Goal 1:
Goal 2:
Goal 3:
Goal 4:
Goal 5:
Goal 6:
Goal 7:
Goal 8:

Perhaps no set of

Eradicate extreme poverty and hunger
Achieve universal primary education

Promote gender equity and empower women
Reduce child mortality

Improve maternal health

Combat HIV/AIDS, malaria and other diseases
Ensure environmental sustainability

Develop a global partnership for development

interventions underpins the attainment of these Millennium Development Goals more critically than

water, sanitation and hygiene (WASH). Water supply and sanitation targets were included under MDG 7, calling on the
world to reduce by half the proportion of people without access to water and sanitation. However, the impact of water
and sanitation is felt across many sectors, cutting across several MDGs (Table 1). Water scarcity, degrading water quality,
lack of access to both adequate sanitation and clean drinking water, and poor hygiene increase disease, contribute to

malnutrition, disa

dvantage women, undermine economic growth, and threaten development, peace and security.

Table 1.The Impact of water, sanitation and hygiene on development goals.

Sector and related MDG Impact of Water, Sanitation and Hygiene (WASH)

Health, Nutriti
HIV/AIDS
(MDGs 4, 6)

Education
(MDG 2)

Poverty
(MDG 1)

Gender Equity
(MDG 3)

on, = 88% of diarrheal deaths are attributable to poor WASH (WHQO, 2002; UNICEF, 2006)

= Nutritional status is compromised by frequent episodes of diarrhea and intestinal
worm infestations

= Hand washing is linked to reductions in acute respiratory infections (Ensink, 2008;
Jefferson et al., 2009; Luby et al., 2005) and reduced infant mortality (Rhee et al.,
2008)

= |mproved WASH helps reduce helminths, guinea worm, fluorisis and arsenicosis
(Fewtrell et al., 2007)

= Good hygiene helps people living with HIV/AIDS avoid opportunistic infections

= |tis estimated that 443 million school days are missed every year due to water and
sanitation related diseases (UNDP, 2006)

= |mproving WASH in schools has an impact on enrollment and retention, especially
for girls (IRC, 2007; UN-Water, 2009; Njuguna et al., 2008)

= 5.5 billion productive days per year are lost due to diarrhea and the burden of
water collection (Fewtrell et al., 2007)

= Women and girls, who are most commonly the primary water collectors in families,

spend many hours collecting water (WHO/UNICEF, 2010)
= Lack of sanitation in schools is a barrier to girls’ attendance
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1. The Impacts of Poor Water, Sanitation and Hygiene on Health,
Nutrition, Gender Equity and Poverty

1.1. Health

The disease burden caused by poor water, sanitation and hygiene is significant. For instance, soil-transmitted helminthes
(hookworm, roundworm, ringworm) infest approximately 2 billion people worldwide. Shistosomiasis infects and debilitates
200 million people. Trachoma, a disease related to poor sanitation and hygiene which can cause blindness, infects 5 million
people. However, the most serious health impact of poor WASH is diarrheal disease, particularly on children. It is estimated
that there are 2.5 billion cases of diarrhea every year, mostly among children under two, and that this results in 1.5 million
child deaths every year, of which 88% are attributable to poor water, sanitation and hygiene (WHO, 2002; UNICEF, 2006).

1.2. Nutrition

WASH conditions are also a determinant of nutritional status. One multi-country analysis showed that improvements in
sanitation were associated with height increases among children (Esrey, 1996), and it is estimated that 25% of all stunting
in 24-month old children is attributable to having five or more episodes of diarrhea (Checkley et al., 2008). Furthermore,
it is hypothesized that a key cause of child under-nutrition is a subclinical disorder of the small intestine known as tropical
enteropathy, caused by faecal bacteria ingested in large quantities by young children living in conditions of poor sanitation
and hygiene (Humphrey, 2009).

1.3. Gender equality

Inadequate access to water and sanitation also hinders progress on achieving gender equality. In most households, women
and girls are the primary carriers of water, and often need to travel more than 30 minutes round trip to collect water (see
Figures 1 and 2); this is particularly true in sub-Saharan Africa. The resultant ‘time poverty’ of women and girls reinforces
inequalities within households and communities, creating barriers for women and girls in terms of schooling, time to
care for young children, literacy, rest, leisure, and opportunities to participate in the development of their communities.

100% -
16%
9 40% 51%
S
= 39%
s 50% -
0% . : 7% .
Total Urban Rural
Unimproved source
m Improved source < 30 min water collection
B Improved source > 30 min Water Collection

Figure 1. Distribution of those in the Figure 2. In sub-Saharan Africa, one-third of the improved
household who usually collect drinking water, drinking water sources that are not piped on premises need a
from surveys in 45 developing countries, collection time of more than 30 minutes (WHO/UNICEF, 2010).

2005-2008 (WHO/UNICEF, 2010).
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Girl children risk being deprived of the opportunity to attend school because of their water collection responsibilities. Girls
are also more likely to drop out of school and their parents are more likely to withdraw them if schools lack appropriate
sanitation facilities that offer privacy and dignity (Redhouse, 2004; UNGEI, 2003). The barrier to girls’ education created by
a lack of safe and private school toilets is particularly tragic in light of the enormous development impact that educating
girls has been shown to have.

1.4. Poverty

Investments in sanitation and drinking water lead to increased economic productivity, while underinvestment is known
to slow progress. For instance, inadequate sanitation imposes a high economic cost through impacts on health and
tourism, as well as on the time and treatment costs as a result of distant access to facilities and poor water quality. In
India alone, it has been estimated that inadequate sanitation has an economic impact of a staggering US $53.8 billion per
year — equivalent to 6.4% of India’s GDP in 2006 (WSP, 2011). It is estimated that for every US $1 invested in sanitation,
an average of US $9 is returned in increased economic development (UNDP, 2006). Meeting the sanitation and drinking
water targets by 2015, which would still leave millions un-served, would have an annual economic benefit of US $38
billion to developing countries (Hutton et al., 2007).

Water, sanitation and hygiene have also been shown to be highly cost-effective investments. For instance, an analysis
of the cost-effectiveness ratio of a number of interventions against diarrheal disease shows that WASH interventions,
particularly those based on promotion, have low costs per DALY! compared to vaccination interventions, or treatment,
such as oral rehydration, once diarrhea has been contracted (Jamison et al., 2006) (see Table 2).

Table 2. Cost-effectiveness ratio of various interventions against diarrheal disease (Jamison et al., 2006).

Cholera immunizations 1,658 to 8,274
Rotavirus immunizations 1,402 to 8,357
Measles immunization 257 to 4,565
Oral rehydration therapy 132 t0 2,570
Breastfeeding promotion programmes 527 to 2,001
Latrine construction and promotion <270

House connection water supply 223

Hand pump or stand post 94

Water sector regulation and advocacy 47

Latrine promotion 11.15

Hygiene promotion (including hand washing) 3.35

2. Slow Progress and Inequities: The Challenges for the Water,
Sanitation and Hygiene Sector

Despite their importance in development, water, sanitation and hygiene still receive insufficient global attention. While
progress towards the achievement of the MDG target for water is on track for many regions of the world, the world still
lags far behind on the sanitation target, which is predicted to be missed by over 1 billion people (see Figures 3 and 4)
(WHO/UNICEF, 2010).

! Disability-Adjusted Life Year, a measure of overall disease burden, expressed as the number of years lost due to ill-health, disability or early death.
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However, if we examine the apparently good progress made towards the MDG target on water supply more carefully,
we see that it is very uneven (Figure 5). Rural water supply lags significantly behind urban supply, and in certain regions,
particularly sub-Saharan Africa, rural coverage is very low.
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Figure 5. Use of improved drinking water sources in urban and rural areas by region (WHO/UNICEF, 2010)

Likewise, there is significant variation in sanitation coverage by region (Figure 6). South Asia, one of the world’s most
populous regions, has only 57% sanitation coverage in urban areas, and 26% coverage in rural areas. In India, there are
880 million people who have no sanitation at all and practice open defecation.
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Figure 6. Use of improved sanitation in urban and rural areas by region (WHO/UNICEF, 2010).
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As well as geographic and gender disparities, stark disparities exist based on wealth, particularly for sanitation. For example,
as Figure 7 shows, in sub-Saharan Africa, 63% of the lowest wealth quintile, that is, the poorest fifth of the population,
practices open defecation, compared to only 4% of the richest. This is even more pronounced in South Asia, where 86%
of the poorest quintile practices open defecation, compared to only 2% of the richest and 21% of the second richest. In
many countries, open defecation is the norm for the poor, and is in fact one of the defining characteristics of poverty.
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40% -

Poorest 4th Richest

W Open defecation
Unimproved facilities
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Figure 7. Proportion of the population using an improved, shared or unimproved sanitation facility or practicing open
defecation, by wealth quintile, sub-Saharan Africa (WHO/UNICEF, 2010).

While water supply is not as inequitably distributed as sanitation, in sub-Saharan Africa, the richest quintile is twice as
likely to use an improved drinking water source as the poorest (Figure 8). It must also be noted that availability of piped
water on the household premises is largely the privilege of the rich, with very few poor people having access to this level
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Figure 8. Proportion of the population using drinking water piped on premises, other improved drinking water source or
an unimproved source, by wealth quintile, sub-Saharan Africa (WHO/UNICEF, 2010).

of service that offers so many health and time-saving benefits (WHO/UNICEF, 2010).

People without access to water supply and sanitation are thus caught in a vicious cycle in which lack of access leads to
poverty, which in turn prevents people from having the ability to gain access to services. Lack of access to water and
sanitation is thus both a cause and an effect of inequity, poverty and underdevelopment.
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3. The Neglect of the WASH Sector and the Need for Global Attention

So what is needed? We need low-cost interventions that reach the poorest and most vulnerable, and we need them
at an enormous scale. We need to improve access to safe water supply, increasing the number of water supply points
and reducing their distance from people, in order that the health benefits can be realised, and that the burden of water
collection can be lifted from women and girls. But even more urgent is the need to vastly increase sanitation coverage.

However, despite its importance, the experience of the sector has been that water, sanitation and hygiene are often
neglected by donors and governments.

Recent analyses of investment flows show that both donor aid and developing country national budget allocations in the
sector are not well targeted to achieve the MDGs. For example, despite significant increases in investments going into
the sector, only 42% of sector aid goes to low-income countries (Figure 9), and only 16% is invested in ‘basic’ systems that

primarily serve the un-served (Figure 10) (WHO, 2010). The flow of assistance into the sector thus matches the outcomes
—the poorest countries receive little assistance, and the poorest people within those countries continue to be excluded.

Figure 9. Trends in aid commitments to sanitation and drinking water, among purpose types, 1998-2008 (WHQO, 2010).

Figure 10. Trends in sanitation and drinking water aid commitments by recipient income category, 1998-2008 (WHO, 2010).
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Developing country governments also often lack the institutions and political will to make water, sanitation and hygiene
a priority. Sanitation in particular tends to be an ‘institutional orphan’, with many ministries (health, rural development,
water resources) sharing — and often avoiding — responsibility for a sector that many feel uncomfortable discussing.
Likewise, for water supply, there is often inadequate coordination between the government ministries responsible for the
sustainability of water as a resource, and those tasked with designing delivery systems. Many governments lack robust
plans for developing their water and sanitation sectors, and for attracting investments by donors and development banks.

The pressing need to prioritise the scaling up of appropriately designed and targeted investments in the WASH sector is
the broad aim of Sanitation and Water for All (SWA), a global partnership of developing countries, donors, multilateral
agencies, civil society and other development partners. The partnership has agreed that its immediate focus will be on
meeting the MDGs in the most off-track countries. Launched in 2010, SWA has already convened its first high-level meeting
of global decision-makers. Hosted by UNICEF, the meeting established the partnership’s broad approaches: to improve
mutual accountability for delivery on sector commitments; to improve sector information to facilitate evidence-based
decision-making; and, to facilitate the provision of technical assistance in the sector (Sanitation and Water for All, 2011).

Conclusion

Due to the links with health, nutrition, equity, gender equality and economic progress, water, sanitation and hygiene
underlie not only the achievement of the MDGs, but also overall long-term social and economic development. Clean
water is thus a pre-condition for development, but so is abundant water close to home, sanitation which facilitates not
just health but also dignity, and hygiene education that is empowering. Without these, progress in development will falter,
people will not be given opportunities to exercise their rights, and investments in other sectors will be lost.

Countries in the developed world made huge investments in environmental and living conditions in the last two centuries,
and reaped the benefits. But in the developing world, these advancements are happening too slowly, and water, sanitation
and hygiene are often overlooked in favour of larger investments in specific diseases. In order to optimize the investments
made in health, and also in education, it is necessary to make the fundamental investments in the humble realm of taps,
pumps, pipes, toilets and the promotion of handwashing. A resurgence of interest is needed in water, sanitation and
hygiene as a firm foundation for development.
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Introduction

The implications of water scarcity on development are clear. At a fundamental level, water scarcity affects our capacity
to grow food. Agriculture uses the largest share of the earth’s freshwater resources, and it is obviously needed to supply
food to all. But agriculture is also critical as a pathway out of poverty for rural producers and as a means to supply low-
cost food to the urban poor. As water scarcity starts to constrain agricultural output, not only will the total volume of
agricultural products required for food and to feed livestock be affected, but the communities that depend on farming
for livelihoods will also face hardship in securing a living. There have already been two global food crises in the past five
years (in 2007-2008 and again in 2011), with soaring prices that have impacted producers, consumers and cities, especially
the urban poor. The long-term impact of unsustainable water use, together with increasing water variability caused by
climate change and manifested as floods and droughts, means that humans’ capacity to continue using agricultural water
the way it has been used in the past simply will not sustain humanity in the future. There is little doubt that putting water
on the global agenda is critical not just in order to feed 9 billion people in 2050 with less agricultural water than what
is available today, but also to address the critical development challenge of doing this in a safe, sustainable way while
protecting the livelihoods of the vast number of rural poor (Brown, 2011). This paper outlines some of the trends that are
intensifying the competition for agricultural water and presents the challenges of balancing environmental concerns with
those of human well-being. Future investments in water need to consider a range of options from different perspectives
in order to achieve this balance.

1. Understanding Scarcity

A common knowledge of water scarcity usually entails an understanding of the physical lack of water. Water-
scarce regions are those areas of the world in which water basins no longer exist, and where rivers no longer
reach the ocean because they have dried out from over-exploitation of water resources. Water-scarce regions
typically encompass drier and more arid agro-ecological zones, where water may have always been scarce. It has
now been estimated that 1.2 billion people live in areas of physical water scarcity (as shown in Figure 1). But there
is also what has come to be called economic water scarcity. Economically water-scarce regions are those that
still have water resources, but where people cannot access them because of a lack of infrastructure (Figure 1).

map 2 | Areas of physical and economical water scarcity

Little of no water scarcity Approaching physical water scarcity Not estimated
Physical water scarcity Economic water scarcity

Definitions and indicators

o Little or no water scarcity. Abundant water resources relative to use, with less than 25% of water from rivers withdrawn for human purposes.

* Physical water scarcity (water resources development is approaching or has exceeded sustainable limits). More than 75% of river flows are withdrawn for agriculture, industry, and domestic
purposes (accounting for recycling of return flows). This definition - relating water availability to water demand - implies that dry areas are not necessarily water scarce.

* Approaching physical water scarcity. More than 60% of river flows are withdrawn. These basins will experience physical water scarcity in the near future.

* Economic water scarcity (human, institutional, and financial capital limit access to water even though water in nature is available locally to meet human demands). Water resources are abundant
relative to water use, with less than 25% of water from rivers withdrawn for human purposes, but