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Foreword

HE CENTRALITY OF FRESHWATER IN OUR LIVES CANNOT BE OVERESTIMATED. Water has been a major factor in the rise

and fall of civilizations. It has been a source of tensions and fierce competition between nations that could become

even worse if present trends continue. Lack of access to water for meeting basic needs such as health, hygiene and
food security undermines development and inflicts enormous hardship on more than a billion members of the human family.
And its quality reveals everything, right or wrong, that we do in safeguarding the global environment.

But if the water problems facing our world are sometimes a cause of tension and concern, they can also be a catalyst for
cooperation. Two thirds of the world's major rivers are shared by several states. More than 300 rivers cross national boundaries.
Increasingly, countries with expertise in the management of watersheds and flood plains, or with experience in efficient
irrigation, are sharing that knowledge and technology with others. Scientists from many nations and disciplines are pooling their
efforts, assessing risks and working to bring about a much-needed ‘blue revolution' in agricultural productivity. Policy-makers
can and should draw on these experiences, which have generated a rich inventory of lessons and ‘best practices'.

With these issues in mind, the nations of the world have established a comprehensive and demanding water resources
agenda. In the Millennium Declaration adopted by the General Assembly in 2000, world leaders resolved 'to halve, by the year
2015, the proportion of the world's people who are unable to reach, or to afford, safe drinking water’, and 'to stop the
unsustainable exploitation of water resources’. Water resources also figured prominently at the World Summit on Sustainable
Development in Johannesburg in 2002. The Plan of Implementation adopted there reiterated the Millennium Development Goal
on water, set a new target of halving the proportion of people who do not have access to basic sanitation by 2015, and
recognized the key role of water in combating poverty and in the realms of agriculture, energy, health, biodiversity and
ecosystems.

This first edition of the World Water Development Report, Water for People, Water for Life, is the main outcome of the
World Water Assessment Programme, a long-term project started in response to decisions of the General Assembly and the
Commission on Sustainable Development. A joint project involving twenty-three United Nations specialized agencies and other
entities, it provides a comprehensive view of today's water problems and offers wide-ranging recommendations for meeting
future water demand. This coincides with the International Year of Freshwater, which is being observed throughout 2003.
Finally, it shows the United Nations at work, helping the world to confront current and impending water crises. | recommend
this publication to the widest possible audience.

Kofi Annan
Secretary General, United Nations
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Prologue

T GIVES ME GREAT PLEASURE TO INTRODUCE this first edition of the World Water Development Report, Water for People,

Water for Life, which, like the World Water Assessment Programme itself, is a product of many hands working in close

collaboration. The Report emphasizes the critical importance of freshwater in every region of the world. It shows how
human development is stifled without an adequate supply of water of suitable quality. It shows how peace and harmony
between and within nations are threatened where, for whatever reason, there is insufficient water to meet human and
environmental needs. And it shows how the value of freshwater exceeds narrow economic calculations by encompassing a
whole range of social, cultural and ethical considerations.

Water is a common element in the lives of all peoples and societies. Water has been the foundation, and sometimes the
undoing, of many great civilizations and today is essential for the agricuttural, economic and industrial activity that helps
societies to develop.

As a drop of water makes its way from the mountain top to the sea, it can be used many times over: to alleviate thirst,
sustain crops, facilitate industry, help generate electricity, remove wastes and, at the same time, support the natural
environment. As an element with multiple uses, water links activities together and, in so doing, it links people together. For
these reasons, it must be managed wisely through an integrated approach that takes account of all uses and users.

The achievement of an integrated management of freshwater resources places a premium on cooperation. Within in any
one country, this requires the many ministries involved in water management to come together in common purpose, especially
when demand for the resource outstrips supply. When freshwater is subject to several national jurisdictions, as is often the case
with major river systems and lakes, the need for integrated international approaches and well-designed mechanisms for the
amicable resolution of disputes is imperative.

Through the World Water Assessment Programme, many United Nations agencies and other entities concerned with
freshwater issues have come together in common effort to monitor and assess this vital resource. | am proud that UNESCO has
been playing the role of coordinator and catalyst for this system-wide process by hosting the Secretariat of the World Water
Assessment Programme. As a key outcome of this collaborative work, the Report is an important contribution to the
International Year of Freshwater and the Third World Water Forum in Kyoto in March.

| commend and welcome the World Water Development Report as a basis for informed discussion on freshwater issues. |
am sure that its findings and analyses will be invaluable for placing public debate, policy formation and decision-making on a
sound footing, grounded upon evidence and cogent argumentation.

The world is full of uncertainty and it is difficult to predict the future. By working together, however, we can help to shape
the world and make it a better place - for people, for life.

?C_ 40—4‘.6—-————5

Koichiro Matsuura
Director-General, UNESCO
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Preface

S WE ENTER THE TWENTY-FIRST CENTURY A GLOBAL WATER CRISIS IS THREATENING the security, stability and environmental

sustainability of all nations, particularly those in the developing world. Millions die each year from water-related diseases, while

water pollution and ecosystem destruction grow. Again, those in developing countries are hardest hit. In its Millennium Declaration,
the United Nations (UN) called on the nations of the world to 'halve by 2015 the proportion of people who are unable to reach, or to afford,
safe drinking water’, and to ‘stop the unsustainable exploitation of water resources by developing water management strategies at the
regional, national and local levels, which promote both equitable access and adequate supplies'.

Action Now!

Current thinking accepts that the management of water resources must be undertaken using an integrated approach, that assessment of the
resource is of fundamental importance as the basis for rational decision-making and that national capacities to undertake such assessments
must be fully supported. Management decisions to alleviate poverty, to allow for economic development, to ensure food security and the
health of human populations as well as to preserve vital ecosystems, must be based on our best possible understanding of all relevant
systems. Hence the need for comprehensive assessments.

The World Summit on Sustainable Development held in johannesburg in August/September 2002 suggested that there are five priority areas that
need immediate action: water and sanitation, energy, health, agriculture and biodiversity. Water is at the heart of sustainable human development.

There have been many assessments in the past, but up until now there has been no global system in place to produce a systematic,
continuing, integrated and comprehensive global picture of freshwater and its management.

The United Nations Response: The World Water Assessment Programme

The need for a more people-oriented and integrated approach to water management and development has been more fully accepted as a
result of a number of major conferences and international events. The UN has responded by undertaking a collective system-wide continuing
assessment process, the World Water Assessment Programme (WWAP).

The UN system has the mandate, credibility and capacity to take on the task of systematically marshalling global water knowledge and
expertise to develop, over time, the necessary assessment of the global water situation, as the basis for action to resolve water crises.

Building on the achievements of the many previous endeavours, WWAP focuses on the evolving freshwater situation throughout the world.
The results of this assessment are to be published at regular intervals in the World Water Development Report (WWDR]. The programme will
evolve with the WWDR at its core. There is thus a need to include data compilation (geo-referenced meta-databases), interpretation and
dissemination, information technologies, comparative trend analyses, methodology development and modelling. The recommendations from the
WWDR include capacity-building to improve country-level assessment, with emphasis on developing countries. This includes the capacity-
building in education and training, in monitoring and database science and technology. The programme identifies situations of water crisis and
thus provides guidance for donor agencies. It develops knowledge and understanding necessary for further action.

WWAP focuses on terrestrial freshwater, but links with the marine near-shore environments and coastal zone regions as principal sinks for
land-based sources of pollution and sedimentation; these are areas where the threat of flooding and the potential impact of sea-level rise is
particularly acute.

WWAP is undertaken by the concerned UN agencies, aided by a Trust Fund, donors providing support in cash and in kind. The generosity
and foresight of the government of Japan initiated the programme and allowed production of the first edition of the WWDR. The United
Nations Educational, Scientific and Cultural Organization (UNESCO) currently provides and manages the Trust Fund and hosts the WWAP
Secretariat at its headquarters in Paris.

The programme serves as an ‘umbrella’ for coordinating existing UN initiatives within the freshwater assessment sphere. In this regard it will fink
strongly with the data and information systems of UN agencies.
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WWAP consists of the following coordinated elements:

m the WWDR component, involving the preparation of the triennial report and resultant advice, when requested, to governments;

m a Water Information Network and Water Portal comprising a global-scale meta-database, knowledge management systems to facilitate the
assessment and dissemination of information, an online library, web site and newsletter. The network will allow communication with
governments and water-related non-government groups, facilitate capacity-building and raise awareness about water;

® 3 capacity-building component, the prime purpose of which is to promote the ability of governments to conduct their own assessments
through human resource development, education and training, provision of methodologies, institution and infrastructure development and

development of data and information networks; and

® a series of specific applications {for example on conflict resolution).

The World Water Development Report

The report is a periodic review, continuously updated, designed to give an authoaritative picture of the state of the world's freshwater
resources and our stewardship of them. The WWDR builds upon past assessments and will constitute a continuing series of assessments in the
future.

The WWDR is targeted to all those involved in the formulation and implementation of water-related policies and investments, and aims to
influence strategies and practices at the local, national and international tevels. While a broad, global picture is given, particular emphasis is
placed on developing-country situations, where management capacities are likely to be weaker, with the intention of identifying areas in
particular need of attention. It lays the foundations for efficient and effective capacity-building in areas where stewardship challenges are
greatest.

The involvement of national governments, as the prime beneficiaries of the process, is actively sought. This is considered a precondition
for high-quality and continuity of data collection and analysis, and for the subsequent credibility and sustainability of
the report.

As a UN-led exercise, the preparation of the WWDR is a joint effort of the UN and its member states to collect and prepare reliable data
in @ harmonized and meaningful manner. Data and information used in the report are from official sources such as national authorities and
basin agencies, or equivalents. National and local governments, institutions and universities, user associations, the private sector, non-
governmental organizations and national consultants are also involved.

The first edition of the WWDR offers an inaugural assessment of progress since the Rio Summit. Using seven pilot case studies, it
suggests some possible directions for developing appropriate assessment methodologies, to be further explored in subsequent reports. In this
way there will be a progressive build-up of knowledge and understanding.

This report represents an action-oriented and people-centred product. If we are to address the water crisis, we must act now!

, Jﬁ&vww&v

Gordon Young
Coordinator of WWAP




‘The world is full of uncertainty and it is
difficult to predict the future.

By working together, however, we can
help to shape the world and make it a better

place - for people, for life.’



Water is an essential element of daily life for
each and every one of us. Throughout this
book, it is explored in all its facets.

Part | presents the background, starting
with an introduction to the water crisis in its
many shapes and forms. It then provides a
glimpse of the milestones on the long policy
road that has brought us to where we stand
today. Finally, the chapter on indicators
proposes some tools to help us assess our

progress towards building a better future.
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4 |/ SETTING THE SCENE

Gary Lawless, Earth Prayers from around the World

E ARE IN THE MIDST OF A WATER CRISIS THAT HAS MANY FACES.
Whether concerning issues of health or sanitation, environment

or cities, food, industry or energy production, the twenty-first
century is the century in which the overriding problem is one of water
quality and management. Water management has evolved, but in 2003
some 25,000 people are still dying every day from malnutrition and 6,000
people, mostly children under the age of five, are dying from water-related
diseases. It is a real-world crisis that numbers alone can dehumanize. The
months of writing this text have seen headlines of millions facing
malnutrition in southern Africa, millions affected by floods in Bangladesh,
floods throughout central and eastern Europe, and hundreds killed by Nile
fever. But the silent deaths of millions of others do not make daily
headlines, nor does the plight of those poor and powerless people who are
still deprived of a basic human right. Yet these terrible losses, with the
waste and suffering they represent, are preventable.

We know the problem: it is one of management, and we have agreed
on targets for improvements to be made by 2015. But will we honour these
commitments? Will we muster the political will to meet our goals? To do so
we must provide more than a quarter of a million individual people with
improved water supply and hygiene each and every day. We must act now.

In this chapter we look at the general context in which these events and
human dramas are unfolding. What are the forces at work? Who are the
major actors? What are the stakes? And how do the complex and often
subtle interactions between the different actors and their environments

affect the water situation?
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HE FACT THAT THE WORLD FACES A WATER CRISIS has become increasingly clear in recent years. Challenges remain
widespread and reflect severe problems in the management of water resources in many parts of the world. These
problems will intensify unless effective and concerted actions are taken, as is made clear in the World Water

Vision (Cosgrove and Rijsberman, 2000, p. xxi):

This increase in water withdrawals implies that water stress will increase significantly in 60% of the world,
including large parts of Africa, Asia and Latin America. Will this lead to more frequent and more serious

water crises? Assuming business as usual: yes.

The ‘business as usual qualification is important. We cannot carry on
as we do, and many aspects of water resources management must
change. This is recognized in the United Nations (UN) Millennium
Declaration (2000}, which again called upon all members of the UN

to stop the unsustainable exploitation of water resources
by developing water management strategies at the
regional, national and local levels which promote both
equitable access and adequate supplies.

Water is essential for life. We are all aware of its necessity, for
drinking, for producing food, for washing - in essence for maintaining
our health and dignity. Water is also required for producing many
industrial products, for generating power, and for moving people and
goods - all of which are important for the functioning of a modern,
developed society. In addition, water is essential for ensuring the
integrity and sustainability of the Earth's ecosystems.

None of these facts are in dispute. And yet, we all too often
take the availability of water for granted, as if there existed an
abundance of the resource. This assumption has now been
challenged and found to be untenable. In recent years the
availability of and access to freshwater have been highlighted as
among the most critical natural resource issues facing the world. The
UN environmental report GEO 2000 states that global water shortage
represents a full-scale emergency, where ‘the world water cycle
seems unlikely to be able to adapt to the demands that will be made
of it in the coming decades’ (UNEP, 1999). Similarly, the World Wide
Fund for Nature (WWF) emphasizes that ‘freshwater is essential to
human health, agriculture, industry and natural ecosystems, but is
now running scarce in many regions of the world' (WWF, 1998).

Complacency is not an option. Water consumption has almost
doubled in the last fifty years. A child born in the developed world
consumes thirty to fifty times the water resources of one in the
developing world (UNFPA, 2002). Meanwhile, water quality
continues to worsen. The number of people dying from diarrhoeal
diseases is equivalent to twenty fully-loaded jumbo jets crashing
every day, with no survivors. These statistics illustrate the enormity

of the problems facing the world with respect to its water resources,
and the startling disparities that exist in its utilization.

This book assesses the world's water situation. The water crisis
that exists is set to worsen despite continuing debate over the very
existence of such a crisis. For many years over the past decades,
6,000 people, and mainly children under five, have died every day.
Descriptions more severe than ‘a crisis' have been associated with
events in which 3,000 people have lost their lives in a single day.
What phrase can be used for the recurrence of higher loss of life
every day of every year over decades? That the world is in a water
crisis is undeniable, and the time to take action is now.

What are the forms of this water crisis, what difference will it
make to people's lives, what forces are causing it and what can we
do about it? This chapter paints the picture: it examines the
importance of water in people’s lives, identifies main concerns and
trends in water resources and their uses, and discusses the main
factors that are causing changes to the availability and use of this
most vital of resources. It is certain that the water crisis is a crisis
that manifests itself in the everyday lives of billions of people. In
different ways and in different places, the nature of the water crisis
is a crisis of lost lives and lost livelihoods.

Chapter 18 of Agenda 21 (UN, 1992, p. 275), adopted at the
Earth Summit in Rio de Janeiro, defined the overall goal of water
policy developments:

Water is needed in all aspects of life. The general
objective is to make certain that adequate supplies of
water of good quality are maintained for the entire
population of this planet, while preserving the
hydrological, biological and chemical functions of
ecosystems, adapting human activities within the
capacity limits of nature and combating vectors of water-
related diseases.

The task for water policy-makers thus becomes a part of the wider
challenge of achieving sustainable development. We must keep a
focus on the first principle of the Rio Declaration:
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Human beings are at the centre of concerns for
sustainable development. They are entitled to a healthy
and productive life in harmony with nature.

It is clear that water is integral to sustainable development, and is
related in some way to each of the five theme areas elaborated at
the World Summit on Sustainable Development (WSSD) in
Johannesburg, August/September 2002. These include water and
sanitation, energy, health, agriculture and biodiversity. Furthermore,
as discussed below, water is relevant to all three strands of
development - social, economic and environmental.

Water is most obviously related to the issue of social development
through its impacts on health. Without safe drinking water, humans
- not to mention animals and plant life - cannot survive. Water-
related diseases are amongst the most common causes of illness
and death, and the majority of people affected by them live in
developing countries. Good sanitation facilities and hygienic
practices can significantly reduce diarrhoeal and infectious diseases
and prevent worm infections. Water for washing prevents scabies
and trachoma. One important aspect of water quality is the
avoidance of changes in its chemical composition. Water resource
management also has an impact on malarial infection rates by
preventing mosquito breeding grounds. Furthermore, since adequate
water resources are essential for food production, they have an
impact on people’s health through the prevention of malnutrition,
thus enabling people to more readily recover from illness and lead
healthier lives.

Improved sanitation facilities can impact remarkably on people's
lives, in terms of safety, privacy, convenience and dignity, especially
with regard to the lives of women. In fact, the provision of water
schemes often has a greater impact on the lives of women as in
most societies the responsibility for domestic water and sanitation is
theirs. However, most decisions affecting communities are taken by
men. Well-planned water and sanitation schemes have been shown
to be a good way of breaking this gender demarcation, allowing
women to exercise authority within @ community and empowering
them to make decisions affecting the community and beyond. There
has been a trend in recent years towards local management of
water supply schemes and water resources. This is empowering
communities to work together for the betterment of their societies.

Water is often an initial starting point for community initiatives,
as the essential nature of the issues means they are widely
understood. Many communities, once empowered in this way,
continue to work together on subsequent initiatives. Sanitation is
also a good starting point for addressing long-term poverty issues
in @ community. Often this can be done by focusing on children as

they are the ones to suffer most immediately from ill-health and are
primary agents of change, increasing the pace at which necessary
behavioural changes are adopted by communities.

Much of sustainable development is focused on getting people out
of poverty. People privileged enough to live in more prosperous parts
of the world, along with the better-off in many developing countries,
rarely have to confront the consequences of water scarcity. For many
of the world's poor however, the story is very different. Inadequate
access to water forms a central part of people's poverty, affecting
their basic needs, health, food security and basic livelihoods.
Improving the access of poor people to water has the potential to
make a major contribution towards poverty eradication.

Poverty is no longer seen as a simple lack of income or, at the
national level, low per capita Gross National Product (GNP). It is
today recognized to be a complex, multifaceted situation that
involves both the material and non-material conditions of life. Many
international organizations have put forward new approaches to
poverty reduction in recent years, which have important implications
for the development of all aspects of life, including key areas of
natural resource management such as water. These approaches are
leading to a rethinking of many water policies and laws, with the
emphasis on new institutional and management frameworks that
more explicitly target the needs and opportunities of poor people.
One of the earliest new approaches springs from the United Nations
Development Programme’s (UNDP) ‘Human Poverty Index’
introduced in the 1997 Human Development Report, which views
poverty in terms of a lack of basic human capabilities. The index
consists of five key indicators: literacy, life expectancy, access to
safe water, availability of health services and the proportion of
underweight children aged five and under. Income poverty is also
recognized, with extreme poverty defined as the lack of income
needed to satisfy basic food needs, and overall poverty as the lack
of income needed to satisfy a range of basic needs including food,
shelter, energy and others.

The World Bank initiated a broad electronic debate on the
meaning of poverty through their web site, which gave fruit to the
2000 World Development Report. Key elements of poverty are
given, such as the inability to satisfy basic needs, lack of control
over resources, lack of education and skills, poor health,
malnutrition, lack of shelter and lack of access to water supply and
sanitation, vulnerability to shocks and a lack of political freedom
and voice. As self-evident as the statement that 'poverty is a
situation people want to escape’ may seem, it reflects the
important and often underestimated point that poverty is dynamic
and people move into and out of poverty as the conditions of their
lives change. This approach is reflected in the World Bank/



International Monetary Fund (IMF) Poverty Reduction Strategy
Papers (PRSPs), which call for multidimensional assessments of
poverty that reflect specific local conditions. Other international
financial institutions, such as the Asian Development Bank, have
also developed new poverty-based policies in recent years that are
guiding major changes in their approach to the assistance provided
to developing countries.

The Organization for Economic Cooperation and Development
(OECD) Development Assistance Committee (DAC) has produced
Poverty Guidelines (2001) that recognize the need for a sharper
and more explicit focus on poverty reduction. In these, ‘poverty,
gender and environment are mutually reinforcing, complementary
and cross-cutting facets of sustainable development’, so that any
poverty reduction strategy must focus on gender and environmental
issues. Poverty itself is defined as being rooted in the lack of
economic, human, political, socio-cultural and protective capabilities.

In a joint contribution to the WSSD preparatory process on
linking poverty and environmental management, the government of
the United Kingdom, the European Commission, UNDP and the
World Bank also emphasized the material and non-material aspects
of poverty including lack of income and material means, poor access
to services, poor physical security and the lack of empowerment to
engage in political processes and decisions that affect one's life.
They focused on livelihoods, health and vulnerability as three key
dimensions of poverty reduction.

The ‘livelihoods approach’, a complex and dynamic model, has
been developed by UNDP and others (Carney, 1998; Rennie and
Singh, 1996). The core of this approach is that poverty reflects poor
access to livelihood assets (natural, social, human, financial and
physical capital in the Department for International Development
[DFID] model) and vulnerability to external shocks and trends in
society, the economy and the environment such as market price
movements, natural disasters and political change. All of these new
approaches are based on a far more explicit poverty reduction agenda
than has been evident in the past. They reflect the international
consensus that other needs and priorities, including environmental
protection and peace and stability, are unlikely to be realized in a
world in which the poverty of so many is found alongside the
affluence of so few.

One of the main characteristics of poverty is now seen as
vulnerability: the extent to which people are vulnerable to the
harmful impacts of factors that disrupt their lives and which are
beyond their immediate control. This includes both shocks (sudden
changes such as natural disasters, war or collapsing market prices)
and trends (for example, gradual environmental degradation,
oppressive political systems or deteriorating terms of trade). Many
such vulnerabilities related to water resources (for example, health
threats, droughts or floods, cyclones and pollution). The need to
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integrate vulnerability reduction into water policies (and in particular
the links between water policies, disaster mitigation and climate
change) is being increasingly considered. Recognition of
vulnerability as a key issue is also expressed in the growing interest
in impact assessment as a way of identifying vulnerable individuals
or communities who may carry a disproportionate negative burden
resulting from development, including water resource development.
Early determination of possible environmental, social and health
impacts of water resources development provides ample
opportunities for environmental management plans, health
promotion and protection and social safeguards to be implemented
to optimum effect.

The idea of Integrated Water Resources Management (IWRM) is
widely accepted as the starting point for water policies, but along
with it there is the increasing recognition of the need to adapt
IWRM to the specific needs of the poor. There is also a need to
ensure that developing integration is not done at the expense of
meeting such pressing needs that may arise in one particular aspect
of water management such as drinking water supply, improved
irrigation or protection of threatened ecosystem functions. Effective
and immediate actions to meet these needs are important if water
is to be prioritized over other areas of policy.

Partnerships between different stakeholders at all levels
(international, national and local) are stressed in most new policy
approaches, with the recognition that solutions to water problems
cannot be achieved by one organization or even one segment of
society. In particular, the inclusion of civil society organizations and
of local community groups is emphasized in most new approaches
and policies. Indeed, changing institutional mandates is central to
new water policies and laws around the world.

The integral role of water in international development has been
recognized over the last two decades, with several international
agreements specifying targets on water supply and sanitation dating
back to the United Nations Children's Fund's (UNICEF) 1980
International Water Supply and Sanitation Decade (IWSSD), which
established the target of universal coverage of a safe water supply and
sanitation by 1990. While significant numbers of people gained access
to improved drinking water and better sanitation over the decade, the
target was not met due to population growth. It was, however,
readopted as a target for the year 2000 at the World Summit for
Children in 1990. More recently targets have been established by the
Water Supply and Sanitation Collaborative Council (WSSCC) as part of
the process leading up to the Second World Water Forum in The Hague
in March 2000. The targets were presented in the report Vision 21: A
Shared Vision for Hygiene, Sanitation and Water Supply and a
Framework for Action (see box 1.1, WSSCC, 2000).
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To reduce by 2015 by one-half the proportion of
people without access to hygienic sanitation facilities.
To reduce by 2015 by one-half the proportion of
people without sustainable access to adequate
quantities of affordable and safe water, which was also
endorsed by the United Nations Millennium Declaration.
To provide water, sanitation and hygiene for all by 2025.

Source: WSSCC, 2000.

Upon review of the events of the IWSSD, the use of such global
targets was criticized as failing to focus on the changes that
contribute progressively to health and development, and targets
were held to be too simplistic, dividing the world into those who
‘have’ and those who 'have not'. The Vision 21 report stressed the
indicative nature of these targets and the need to consider them in
a local context. However, it is still the view of many that such
targets remain helpful in assessing the magnitude of the task ahead
in meeting the water and sanitation needs of the poor.

In this wider context, the United Nations General Assembly
Millennium meeting in the year 2000 established a number of
Millennium Development Goals that have become the key international
development targets of the modern era. Only one directly relates to
water (the Millennium Development Goal on environmental
sustainability) but improved water management can make a significant
contribution to achieving all of the goals. The relationships, both direct
and indirect, between the Millennium Development Goals and water
are listed in table 1.1. The Millennium Development Goals provide a
context within which wider issues linking water, sustainable
development and poverty reduction can be understood. Table 1.1
illustrates the importance of thinking about water in relation to a wider
context: the ways in which it can contribute to the overall reduction of
poverty and the development of people and nations.

The economic well-being of society has so far exerted the greatest
demand on the world's water resources. The major economic role of
water lies in its relationship with agriculture. This is certainly true at a
national level, where food security issues and national economic
performance are related, albeit in a complex way. But it is certain that
irmigation and the control of crop timing can equally affect the macro-
economics of a country or region. At a local level, agriculture is the

mainstay of many rural communities, and the availability of
adequate water allows production of food for household nutrition
and for sale at local markets. In addition, the availability of
irrigation water enables more crops to be grown per year, and the
economics involved in the selling of produce, in irrigation and in
year-round farming increases employment opportunities, which has
direct economic benefits on a local community.

Water is an essential raw material in many industries that have a
major influence on economic performance at the national level, but
also at local and household levels. Water also plays a large role in
power generation in many countries whether through cooling, or
directly through hydroelectricity generation. Water transport is also
important in many parts of the world, allowing access to markets as
well as generating its own economy.

Improved access to water and sanitation plays a huge indirect
role in local communities, insofar as the time taken for these basic
tasks is time made unavailable for economic activity. It can take
some people hours to collect water, and, in areas without sanitation
facilities, seeking privacy for defecation can also be time-
consuming. In addition, illness as a result of a water-related
disease, not to mention the expense of medication or looking after
someone who is ill, prevents many people from carrying out
economically active work. The time, energy and resources saved by
improved water and sanitation can very often be used on productive
economic activity.

Many poor people in urban areas buy their water from private
vendors, often at a rate well in excess of piped water supply. This
means that a significant proportion of household expenditure is
spent on water. Reduced water prices would have a major impact on
the economic status of such people, and, with money being
available for other things, may effect economic growth.

Water is an essential part of any ecosystem, in terms of both its
quantity and quality. Reducing the availability of water for the
natural environment will have devastating effects, as will the
pollution from domestic, industrial and agricultural wastewaters. Just
as the environment is integrally tied up with the social, health and
economic impacts of water use, ensuring environmental sustainability
and regeneration will also have positive effects on these areas.

Damage to the environment is causing a greater number of
natural disasters. Flooding occurs in areas where deforestation and
soil erosion prevent the attenuation of flood waters. Climate
change, which, it is suggested, is fueled both by emissions and by
degradation of the world's natural environment, is blamed for the
increasing number of floods and droughts. The environment is also
a source of many resources - food (agriculture, fisheries and
livestock) and raw materials from forests.



Table 1.1: Water, poverty and the Millennium Development Goals
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Millennium Goals

Poverty:

Hunger:

Universal
primary
education:
Gender
equality:

Child
mortality:

Maternal
mortality:

Major
diseases:

Environmental
sustainability:

to halve by 2015 the proportion
of the world’s people whose
income is less than $1/day

to halve by 2015 the proportion
of the world’s people who
suffer from hunger

to ensure that, by 2015, children
everywhere will be able to complete
a full course of primary schooling

progress towards gender equality
and the empowerment of women
should be demonstrated by
ensuring that girls and boys have
equal access to primary and
secondary education

to reduce by two thirds, between
1990 and 2015, the death rate for
children under the age of five years

to reduce by three quarters,
between 1990 and 2015, the
rate of maternal mortality

to halve, by 2015, halt and begin
to reverse the spread of HIV/AIDS,
the scourge of malaria, the
scourge of other major diseases
that affect humanity

to stop the unsustainable
exploitation of natural resources
and to halve, by 2015, the
proportion of people who are
unable to reach or to afford safe
drinking water

How water management contributes to achieving goals

Directly contributes

Water as a factor of production in agriculture,
industry and other types of economic activity
Investments in water infrastructure and services
act as a catalyst for local and regional development

Water as a direct input into irrigation, including
supplementary irrigation, for expanded grain
production

Reliable water for subsistence agriculture, home
gardens, livestock, tree crops

Sustainable production of fish, tree crops and other
foods gathered in common property resources

Improved quantities and quality of domestic
water and sanitation reduce main morbidity and
mortality factor for young children

Improved health and reduced labour burdens
from water portage reduce mortality risks

Better water management reduces mosquito
habitats and malaria incidence

Reduced incidence of range of diseases where
poor water management is a vector

Improved water management, including pollution
control and sustainable levels of abstraction, are key
factors in maintaining ecosystems integrity

Actions to ensure access to adequate and safe water
for poor and poorly serviced communities

L]

L]

Indirectly contributes

Reduced vulnerability to water-related hazards
reduces risks in investments and production
Reduced ecosystems degradation boosts local-level
sustainable development

Improved health from better quality water increases
productive capacities

Ensure ecosystems integrity to maintain water flows
to food production

Reduced urban hunger by cheaper food grains from
more reliable water supplies

Improved school attendance from improved health
and reduced water-carrying burdens, especially for
girls

Community-based organizations for water
management improve social capital of women
Reduced time and health burdens from improved
water services lead to more balanced gender roles

Improved nutrition and food security reduces
susceptibility to diseases

Improved health and nutrition reduce susceptibility
to anaemia and other conditions that affect maternal
mortality

Improved health and nutrition reduce susceptibility
to HIV/AIDS and other major diseases

Development of integrated management within
river basins creates conditions where sustainable
ecosystems management is possible and
upstream-downstream impacts are mitigated

This table shows that improving water management can make a significant contribution to achieving all of the Millennium Development Goals established by the UN General Assembly Millennium

meeting in 2000.

Source: Soussan, 2002.
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While the environment does have the capacity to cope with
certain kinds of pollution, where exceeded, pollution can result in
watercourse contamination beyond use, which can in turn result in
costly treatment procedures as well as the loss of people’s
livelihoods (e.g. loss of fish stocks and other aquatic life).

Another aspect of environmental sustainability is its 'unfair’
effect on the poor. It is the poor people who often have to live in
‘undesirable’, marginal areas, more at risk from floods, etc.
Furthermore, the poor often live in closer relationship with the
environment, and do not have an alternative open to them as do
the wealthy, when, for example, a fish stock is depleted. The
world's poor suffer disproportionately as a result. These aspects and
more are further explored throughout this chapter.

Water resources can only be understood within the context of the
dynamics of the water cycle. These resources are renewable (except
for some groundwater), but only within clear limits, as in most
cases water flows through catchments that are more or less self-
contained. Water resources are also variable, over both space and
time, with huge differences in availability in different parts of the
world and wide variations in seasonal and annual precipitation in
many places. This variability of water availability is one of the most
essential characteristics of water resource management. Most efforts
are intended to overcome the variability and to reduce the
unpredictability of water resource flows.

Both the availability and use of water are changing. The
reasons for concern over the world's water resources can be
summarized within three key areas: water scarcity, water quality and
water-related disasters. Each is discussed briefly here and expanded
on throughout this report.

The precipitation that falls on land surfaces is the predominant source
of water required for human consumption, agriculture and food
production, industrial waste disposal processes and for support of
natural and semi-natural ecosystems. The fate of this water is either to
be ‘taken up’ by plants and the soil and then eventually returned to
the atmosphere by evapotranspiration, or to drain from the land into
the sea via rivers, lakes and wetlands. Our primary source of water is
runoff diverted by humans for use in irrigated agriculture, in industry
and in homes (rural and urban); for consumption of various kinds; and
for waste disposal. It is the water of evapotranspiration that mainly
supports forests, rainfed cultivated and grazing land, and a variety of
ecosystems. Despite a withdrawal of only 8 percent of total annual
renewable freshwater resources, it has been estimated that 26 percent

of annual evapotranspiration and 54 percent of accessible runoff is
now appropriated by humans (Shikiomanov, 1997). As the per capita
use increases due to changes in lifestyle (leisure and domestic
practices) and as population increases, the proportion of appropriated
water is increasing. This, coupled with spatial and temporal variations
in water availability, means that the water to produce food for human
consumption, industrial processes and all the other uses described
above is becoming scarce.

It has been estimated that today more than 2 billion people are
affected by water shortages in over forty countries: 1.1 billion do not
have sufficient drinking water and 2.4 billion have no provision for
sanitation (WHO/UNICEF, 2000). The outcome can mean increases in
disease, poorer food security, conflicts between different users and
limitations on many livelihood and productive activities. Current
predictions are that by 2050 at least one in four people is likely to
live in countries affected by chronic or recurring shortages of
freshwater (Gardner-Outlaw and Engelman, 1997). At present many
developing countries have difficulty in supplying the minimum annual
per capita water requirement of 1,700 cubic metres (m3) of drinking
water necessary for active and healthy life for their people (see map
1.1). The situation is particularly grave in many of the cities of the
developing world. This is worrying given predictions of a 60 percent
world urban population by 2020. At present, half the population of
developing countries live in water poverty.

Flows of water are also essential to the viability of all
ecosystems. Unsustainable levels of extraction of water for other
uses diminish the total available to maintain ecosystems integrity.
As land is cleared and water demand grows for agriculture and
other human uses at the expense of natural ecosystems, the
appropriation of evapotranspiration moisture by humans looks set to
continue. This will inevitably lead to the further disturbance and
degradation of ‘natural’ systems and will have profound impacts
upon the future availability of water resources. Actions to ensure
that the needs of the environment are taken into account as a
central part of water management are critical if present trends are
to be reversed.

This situation is aggravated by the fact that many water
resources are shared by two or more countries. Currently there are
263 river basins that are shared by two or more nations and that
are home for roughly 40 percent of the global population. In the
majority of cases, the institutional arrangements needed to regulate
equity of resource use are weak or missing.

Even where there is enough water to meet current needs, many
rivers, lakes and groundwater resources are becoming
increasingly polluted. The most frequent sources of pollution are
human waste (with 2 million tons a day disposed of in
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Map 1.1: Internal renewable water resources generated within a country on a per capita basis, circa 1995
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This map shows the per capita total internal renewable water availability by country, i.e. the fraction of the country's water resources generated within the country.

Source: Map prepared for the World Water Assessment Programme (WWAP), by the Centre for Environmental Research, University of Kassel, based on Water Gap Version 2.1 D, 2002.

watercourses), industrial wastes and chemicals, and agricultural
pesticides and fertilizers. It has been estimated that half of the
population of the developing world is exposed to polluted
sources of water that increase disease incidence. Key forms of
pollution include faecal coliforms, industrial organic substances,
acidifying substances from mining aquifers and atmospheric
emissions, heavy metals from industry, ammonia, nitrate and
phosphate pollution from agriculture, pesticide residues (again
from agriculture), sediments from human-induced erosion to
rivers, lakes and reservoirs and salinization. The situation is
particularly bad in developing countries where institutional and
structural arrangements for the treatment of municipal, industrial
and agricultural waste are poor. Levels of suspended solids in
rivers in Asia have risen by a factor of four over the last three
decades. Asian rivers also have a biological oxygen demand
(BOD) some 1.4 times the global average, as well as three times
as many bacteria from human waste as the global average. They
also include rivers that have twenty times more lead than that in
surface waters of OECD countries. A report on the state of
India's rivers concluded that:

India’s rivers, especially the smaller ones, have all turned
into toxic streams. And even the big ones like the Ganga
are far from pure. The assault on India’s rivers - from
population growth, agricultural modernization,
urbanization and industrialization - is enormous and
growing by the day.... Most Indian cities get a large part
of their drinking water from rivers. This entire life stands
threatened (CSE, 1999, p. 58).

Such a statement holds true for many other rivers in Asia and
around the world.

Such degradation of water resources is both a national and
international problem, exacerbated by the failure of national
and regional institutions to protect downstream users from
upstream polluters.

The poor, many of whose livelihood systems depend directly or
indirectly on water resources, feel the impacts of such pollution
disproportionally. In many countries fishing is a key livelihood
activity of the poor, and even where this is not the case, fish
frequently provide the bulk of animal protein in the diet.
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The destruction of fish and their habitats through pollution can
have devastating impacts upon these poor communities.

Between 1991 and 2000 over 665,000 people died in 2,557 natural
disasters, of which 90 percent were water-related events. The vast
majority of victims (97 percent) were from developing countries (IFRC,
2001). Growing concentrations of people and increased infrastructure
in vulnerable areas such as coasts and floodplains and on marginal
lands mean that more people are at risk (Abramovitz, 2001). While
poor countries are more vulnerable, in every country it is the very
poor, the elderly, and women and children who are especially hard hit
during and after disasters. After such events national statistics of
infrastructural damage and loss of life are available but rarely is it
possible to determine the effect on the livelihood systems of the
population. The ‘failure to focus on [the impact of] disasters on
livelihoods indicates and perpetuates misplaced aid priorities' (IFRC,
2001, p. 35). Asia has fared particularly badly, with roughly 40 percent
of all disasters taking place on the continent. Each event frequently
leaves thousands of communities more vulnerable to the next disaster,
with both individual and state barely able to recover from one disaster
before the next catastrophe strikes. Worldwide, floods were the most
reported disaster event; the year 2000 saw 153 flood events alone,
some of the worst taking place in Mozambique and along the length
of the Mekong River (South-East Asia), while in terms of loss of life,
droughts claimed the greatest number of victims. Such events can and
must drive policy changes. For example, in Bangladesh, the 1988 flood
and 1991 cyclone brought with them a determination from disaster-
related institutions that they would not meet a similar threat
unprepared again. As a result, Bangladesh initiated changes that,
while painful to develop, have now provided it with robust cyclone and
flood preparedness and management strategies, all of which have
been severely tested since. Consequently, the significance of disasters
as a driver of water resource management should not be
underestimated. What is important is thus not just the specific impact
of disasters, but the way in which they interact with other aspects of
water management, and the ways in which vulnerable people adjust
their resource management to take account of the risks.

It is important to set the issues surrounding water in a global
context. The world is changing at an ever increasing rate. Many of
these changes are having an impact on how we, as humans, utilize
the world's water. This section recaps and describes a number of
the changes that have taken and are taking place, and the effect
these are having on the water situation. Of course, none of these

issues are isolated and most are interdependent. Nevertheless,
focusing on the reasons why the world is now facing a water crisis
is helpful in understanding what factors will worsen the crisis, and
where developments outside of the water sector can be brought to
bear to improve the situation.

The last half-century has seen major changes in the political make-up
of many countries. While this provides a backdrop for many of the
following issues, a number of specific issues do arise from the
changing political scene. Many countries that were once colonies have
gained independence, and have assumed the ability for, and
responsibilities of, self-governance. The rise of communism after the
Second World War, and the Cold War that followed, impacted on how
water resources were managed. The command economies that focused
on agriculture resulted in the construction of many large irrigation
schemes, some with severe environmental implications (e.g. the Aral
Sea in central Asia, which has been desiccated due to intensification of
irrigation in the region). The fall of communism and the rise of
democracy across the world, both in previous communist states and
military dictatorships, has changed the way water resources are
managed. This has allowed a greater public awareness of water issues,
and enabled local groups to take care of their local water resources.
However, many of these new democracies are having to deal with
inherited, old ways of working and past environmental impacts. The
changing economic structure in many countries has resulted in there
being less money available for investment in water management.

Rapid growth of the world's population has been one of the most
visible and dramatic changes to the world over the last hundred
years. Population growth has huge implications for all aspects of
resource use, including water. Although water is a renewable
resource, it is only renewable within limits; the extent to which
increasing demands can be met is finite. As population increases,
freshwater demand increases (see figure 1.1) and supplies per
person inevitably decline.

Per capita water supplies decreased by a third between 1970
and 1990 and there is little doubt that population growth has been
and will continue to be one of the main drivers of changes to
patterns of water resource use. Future projections of worldwide
population growth have been revised downward in recent years,
primarily as a result of significant declines in birth rates. Although
there are differences of opinion, most projections expect this slow-
down of growth rates to continue and for the world's population to
stabilize at about 9.3 billion people (still over 50 percent higher
than the 2001 population of 6.1 billion) somewhere in the middle
of the twenty-first century (UNFPA, 2002).



Figure 1.1: World population and freshwater use
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Figure 1.2: World population prospects
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There is a direct correlation between population growth and the increase in
freshwater consumption.

Source: Gardner-Outlaw and Engelman, 1997.

Although population growth rates are reducing and global
population will eventually stabilize, the increase in numbers of
people will still be a major driver of water resource management for
at least another fifty years. A number of scenarios have been
developed based on the most recent UN population projections (see
figure 1.2). Based on these projections, the future for many parts of
the world looks bleak. The most alarming projection suggests that
nearly 7 billion people in sixty countries will live water-scarce lives
by 2050. Even under the lowest projection, just under 2 billion
people in forty-eight countries will struggle against water scarcity in
2050 (Gardner-Outlaw and Engelman, 1997).

Population growth not only leads to greater demand for water for
domestic supply but also impacts on the majority of other uses for
water. The demand for food increases with population, and hence
does the water required for agricultural production. The area of
irrigated land more than doubled in the twentieth century.

In some parts of the world, such as South Asia, most of the
recent expansion in irrigated areas has been in wells through private
investments to exploit groundwater. This has allowed countries such
as Bangladesh and many states in India to expand dry-season
agriculture. There are worrying signs in some areas that
groundwater resources are being over-exploited, with groundwater
levels falling, which could develop into a crisis as the situation is
not sustainable and threatens the food security, not to mention the
water supply, of millions of people.
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However much irrigation expands, most of the world's farmlands
will continue to be watered through rainfall in the future. Water
management is particularly at issue for rainfed areas where the
rainfall is limited or erratic (and consequently a constraint upon
production) and the communities do not have the means to
supplement it by storage, groundwater use or other sources.

In addition to rising agricultural demand, increasing population also
necessitates increased energy demand. The most obvious use of
water for energy production is through the operation of
hydroelectricity facilities. The storage required may have serious
health implications for the surrounding human population in terms
of the incidence of water-related diseases such as malaria, dengue
fever and bilharzia. Interestingly, evaporation from the surface of
reservoirs represents the greatest consumptive use of water from
hydroelectricity generation.

However, hydropower has formed the basis for major national
and regional development with large benefits for all, including the
poor, in many countries. While industrialized nations have tapped
most of their economically feasible hydropower (about 70 percent
for Europe and North America), developing countries as a whole
have vast untapped hydro resources (with only about 15 percent
currently developed overall). These opportunities for hydro-based
development are particularly important for a group of the world's
poorest nations (such as Nepal, Lesotho, Lao and Tajikistan) for
whom water and terrain represent their greatest natural resources.
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Additionally, modern hydropower plants increasingly provide major
benefits to local populations. Hydro is also, relative to other forms
of major energy production, environmentally benign. As water
scarcity increases these facilities will increasingly become the focus
of attention.

Substantial amounts of water are used for cooling and in
chemical processes. The majority is returned to the watershed, with
relatively little loss to contamination or evaporation, though the
change of temperature can have important ecological consequences,
which are discussed in chapter 10.

In addition to general population growth, the changing
demographics are affecting how water resources are managed. At
the beginning of the twentieth century, only a small percentage of
the population lived in cities in most regions of the world, but as
the world population has increased, so has the proportion that live
in urban areas. The urban population rose greatly throughout the
twentieth century and is projected to reach 58 percent of the world
population by 2025 (UNFPA, 2002). In the next thirty years, the
greatest urban growth will occur in Asia (see figure 1.3). UN (2002)
estimates show that in real terms the urban population of the less
developed world is expected to nearly double in size between 2000
and 2030 from a little under 2 billion to nearly 4 billion people (see
figure 1.4). Between 2015 and 2020, urban population will exceed
rural for the first time, and will continue to escalate sharply while
rural numbers remain more or less static.

As the population in these centres grow, so do their demands
for resources; reflecting both the high concentrations of people and
the very different lifestyles and aspirations of city dwellers. Among
the consequences of this urban influx are the overloading of water
supply and sanitation infrastructure - a situation made worse by the
geographical location of some of these cities. The problems of
water supply have forced many urban authorities to over-exploit
fragile sources, such as aquifers, and there are many examples of
falling water levels in many cities (e.g. in Manila in the Philippines).
Deterioration of water supplies and sanitation leads to a progressive
decline in urban living conditions - water shortages, pollution and
unsanitary water conditions all of which contribute to an urban
water and health crisis. Many poor people in cities also pay very
high prices for their water from private vendors, and agitation and
even riots over poor water supplies (especially during droughts) are
far from unknown. Inadequate coverage and decline in urban
infrastructure hits the poorest hardest as wealthier households tend
to have access to urban water supplies or can afford tubewells if
the supply is unreliable or of poor quality.

Figure 1.3: Actual and projected urban population in different
regions of the world in 1950, 2000 and 2030
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Figure 1.4: Urban and rural population, less developed
countries, 1950-2030

| Urban

® Rural
4,000,000
3,500,000
3,000,000
2,500,000
2,000,000
1,500,000
1,000,000
500,000

Population

0 S S S
1950 1960 1970 1980 1930 2000 2010 2020 2030

Year

The urban population rose greatly throughout the twentieth century and is projected
to reach 58 percent of the world population by 2025. Meanwhile, the rural
population is expected to stabilize from 2010.

Source: UN, 2000.



The twentieth century saw unprecedented economic growth. Much
of this growth, which has provided the wealth enjoyed by so many
people in the Western world, was dependant on water consumption,
as industries (and their demand for water) have been growing at a
very fast rate.

Besides the pressure exerted on water resources by increasing
demand, industrialization poses a great threat to water quality
(table 1.2). This is often centred around major urban centres that
serve as foci for industrial development. Like urban population
growth, many of these industries are growing at a rapid rate. For
example, the paper and steel industries, which rank as some of the
most important industrial sources of water pollution in Latin
America, have been growing twice as fast as the economy of these
countries as a whole (Gleick, 1993).

Industrial wastewater, like municipal sewage, often contains
suspended solids that silt up waterways, suffocate bottom dwelling
organisms and impede fish spawning. Wastes such as organic
material use up oxygen, limiting its availability for other aquatic
organisms, while others pose a direct threat to human health.
Cadmium, lead and mercury are particularly dangerous because they
can interfere with hormones and reproduction. Copper and zinc are
less dangerous to humans but are toxic to aquatic life (Stauffer,
1998; Gleick, 1993).

The threat of pollution of water resources comes not only from
the regular operation of the industries but also from the risk of
accidents. For example, the disastrous fire in the Schweizerhalle
(Switzerland) pesticide chemical plant in 1986 led to a serious
pollution of the Rhine, which, for several days, caused fishing activity
and drinking water supplies to be stopped even 1,000 kilometres (km)
downstream, in the Netherlands. In the United Kingdom in 1988, the
accidental dumping of 20 tons of concentrated aluminium sulphate
solution into the water treatment plant at Camelford, Cornwall,
resulted in a drop in the pH level from 7-8 to 3.5-4.2 in the Camel

Table 1.2: Water pollutants by industrial sector
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River, resulting in the death of most of the fish in the river. Consumers
were exposed for three days to drinking water of pH levels 3.9 to 5.0,
raising fears over health impacts among the local community.

Globalization is related to the economic growth experienced in recent
years, and is a growing feature of almost every aspect of our world.
We are frequently reminded that we live in an increasingly
interconnected world. Many global brands advertise that new
lifestyles are changing demands and aspirations around the world.
Changes to production technologies and transport opportunities have
created an increasingly international market. Policy decisions on one
side of the world can affect people on the other.

Many developing countries have to deal with the more
hazardous industries, such as those producing dyes, asbestos and
pesticides. For example in Bangladesh, Sri Lanka and Pakistan,
textile manufacturers and tanneries are located in peri-urban areas
where they place tremendous pressures on local water resources,
both through the demand required for production and pollution
from waste disposal. Chemical and pharmaceutical production
around Indian cities, such as New Delhi and Ahmedabad, are leading
to pollution so severe that it is contaminating groundwater aquifers.
It is not just industrial production that is responding to the
globalized economy, but also the agricultural sector. Many areas
within easy reach of airports in cities such as Nairobi, Kenya,
produce large quantities of vegetables, fruit and flowers (often in
greenhouses) that are air-freighted to markets in Europe, Japan and
North America, placing great demands on limited water resources.
Clearly, under such conditions, special measures need to be taken.
Understanding the full impacts of globalization on the world's water
resources is challenging, but what is clear is that the world is
irrevocably changing, with tremendous implications (good and bad)
for the management of water resources, as for every other aspect
of life.

Sector Pollutant
Iron and steel

Textiles and leather

Pulp and paper
Petrochemicals and refineries
Chemicals

Non-ferrous metals

Micro-electronics

Fluorine, suspended solids

Organic residues, organic chemicals

Organic residues, oil, metals, acids, phenols and cyanide
Organic residues, suspended solids, sulphates and chromium
Organic residues, solids, chlorinated organic compounds
Organic residues, mineral oils, phenols and chromium

Organic chemicals, heavy metals, suspended solids and cyanide

Mining Suspended solids, metals, heavy metals, acids, salts

Industries and their demand for water have grown at a very fast rate from the twentieth century up to the present, posing a great threat to water quality.

Source: Stauffer, 1998.
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The last century and in particular the last few decades have
witnessed an acceleration of major and highly significant
technological changes, many of which have had direct impact on
water resources and their management. However, the application of
these advances has not been uniform and thus the benefits have
been biased towards the more prosperous nations. A few illustrative
examples are given here.

Surveillance and monitoring of the resource itself have been
greatly affected by advances in remote sensing, giving us much
better appreciation of spatial and temporal variation in many aspects
of the resource. New instrumentation allows more precise, more
efficient and more effective monitoring of precipitation, energy
balances, river flows and water quality. Advances in data and
information transmission, coupled with great increases in the ability
to store information have allowed information systems to expand
exponentially. Data and information can be shared more easily,
increasing our knowledge base, which can be made more readily
available to all. Systems of analysis allowing better diagnosis of
problems and prediction and forecasting of future scenarios are
being developed apace.

Exploitation and use of the resource is being made more
effective by technological changes such as more efficient ways of
boring wells and extracting groundwater, better systems of water
transmission, from piped systems to tanker transport, and better
systems for producing freshwater through desalination techniques.

Management of demand is also benefiting from technological
advances. More efficient systems of irrigation - drip irrigation
instead of spray irrigation - more efficient toilets and shower-heads,
recycling techniques and new wastewater technologies are allowing
water to be conserved more effectively.

However, while of potential benefit to all humankind, these
techniques are being preferentially applied within the more affluent
countries and sections of societies. Cultural backgrounds and
political situations as well as ability to pay affect the rate at which
new technologies are applied. The applications and thus the
benefits are not even and it is the aspiration of many organizations
to help redress this imbalance.

Because water is so integral to many of life's needs and behaviours,
increasing prosperity heightens pressures on all resources, including
water resources. Water is often viewed as a right, and many,
particularly in the Western world, believe that they can use it in
unlimited quantities. For example, we expect to be able to have
food crops all year round, requiring irrigation. The water required for
the production of many consumable goods is significant. Acquiring a
refrigerator or a television requires electricity, and more electricity

places demands on water. While this issue is often difficult to
quantify due to its diverse nature, its impact on the changing face
of the global water resources should not be underestimated.

One such change in lifestyle that deserves special mention is the
explosive increase in tourism in the last three decades. During the
1970s, only one person in thirteen from industrial countries had
travelled to a developing country as an international tourist. By the
end of the 1990s it was one in five (Honey, 1999). Cuba has seen a
fivefold increase in tourists since 1990 (Figueras, 2001 quoted in
Mastny, 2002a). For Saint Lucia, and Antigua and Barbuda, tourism
receipts now account for nearly 50 percent of the GDP; for the
Maldives it is nearly 90 percent. Tourism is the only sector in which
developing countries consistently run a trade surplus.

This boom in tourism has multiple impacts. There are undoubtedly
economic benefits at a national level due to the increased revenue
available, but the development also requires the use of
disproportionate shares of local natural resources, of which water is
often the most crucial. Much of this water, when used, is disposed of
without adequate treatment in ways that impact irrevocably on the
surrounding water resources and their ecosystems. In a 1994 study for
the Caribbean Tourist Organization, it was disclosed that 80 to
90 percent of sewage from hotels and associated facilities was
released in coastal waters and was thought to have adverse effects on
coral reefs and mangrove swamps. Hotels and their guests consume
vast quantities of water. In Israel, water use by hotels along the River
Jordan is thought to be contributing to the drying up of the Dead Sea
where the water level has dropped 16.4 metres since 1977 (Gertman
and Hecht, 2002). Golf tourism has an enormous impact on water
withdrawals - an eighteen-hole golf course can consume more than
2.3 million litres a day. In the Philippines, water use for tourism
threatens paddy cultivation. Tourists in Grenada generally use seven
times more water than local people and this discrepancy is common in
many developing tourist areas (Mastny, 2002b). Tourism is, however,
vital to the economic well-being and the reduction of poverty in many
developing countries. Since natural resources are a powerful part of
the attraction of this industry, it provides added incentive for resource
preservation. In many cases though, tourism leaves an undeniable
ecological footprint. Countries that depend on tourism are making
major efforts to simultaneously maintain their tourism industries and
reduce the environmental impact (including water use) of the industry.

Recreation is @ major use of and a major issue in the planning of
water resources in all parts of the world. The use of lakes and
reservoirs for sailing, fishing and water skiing is an important
consideration even in the prosperous countries of Europe and North
America. It can add significant economic benefits to these resources,
but also has implications for water quality in ecological terms.



The previous discussion has identified water scarcity, water quality and
water-related disasters as the main challenges facing the modern
world. As if these were not bad enough, the news is that things are
likely to get worse. Global circulation models of the atmosphere
suggest that the increased carbon dioxide and other greenhouses
gases are likely to cause changes to the global climate. It is generally
agreed that more precipitation can be expected from 30° North and
30° South because of increased evapotranspiration. In contrast, many
tropical and subtropical regions are expected to receive lower and
more erratic precipitation in the future. Indeed, the 2001 Inter-
governmental Panel on Climate Change report suggests that this may
already be happening, and that ‘natural systems are vulnerable to
climate change, and some will be irreversibly damaged' (McCarthy

et al., 2001, p. 4). The effect of climate change on streamflow and
groundwater recharge varies regionally, but generally follows projected
changes in precipitation. Impacts on ecosystems and on the availability
of water resources for ecological and human needs will follow these
trends.

That there will be climate change in the future is no longer in
doubt. What is far from clear is exactly what changes will take
place, and the pace of change. All projections of future trends at
regional and subregional levels carry strong warnings with respect
to the uncertainties that lie ahead. Despite this, there is a general
consensus that the many parts of the world already experiencing
water stresses (and likely to experience greater stress in the future
even if rainfall patterns do not change) are the very ones where
rainfall will be lower and more variable as climate change really
takes hold. These include arid and semi-arid regions of the
developing world that are already poor and already have great
problems in water resource management. The impact of climate
change is likely to make all of these problems worse.

Climate change is also likely to lead to increased magnitude and
frequency of precipitation-related disasters - floods, droughts,
mudslides, typhoons and cyclones. The 1990s saw a string of
‘natural’ disasters. The 1998 monsoon season in South-East Asia
brought with it the worst flood in living memory to Bangladesh,
placing some 65 percent of the country underwater, while Hurricane
Mitch wreaked devastation across Central America in the same vear.
In Venezuela in December 1999, following torrential rain that saw
two years' worth of rainfall in just two days, 15 million metres of
mud, rocks and trees detached themselves from the mountain side
and descended into the urban areas below killing 30,000 people. The
event also caused approximately USS2 billion in damage (IFRC,
2001). The same year saw the coast of Orissa in India devastated by
one of the worst cyclones ever recorded, while early 2000 witnessed
devastating floods in Mozambique. These headline-catching events
are just the tip of the iceberg: ‘The total number of disasters (not
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just “great” ones) has also been on the rise, with the year 2000
setting a new record’ (Abramovitz, 2001, p. 8).

Flows in rivers and streams in many places are likely to decrease
at low flow periods as a result of increased evaporation. It is also
predicted that climate change will degrade water quality through
increased pollutant concentrations and loads from runoff and
overflows of waste facilities and due to increased water
temperatures. A recent study estimates that climate change actually
accounts for about 20 percent of the global increase in water
scarcity, the remaining 80 percent accounted for by population
growth and economic development. Countries that already suffer
from water shortages, such as Pakistan, India, Mexico, northern
China and the countries of the Middle East and sub-Saharan Africa
will be hardest hit (Vorésmarty et al., 2000).

Interestingly, climate change has focused attention on the use
of energy, and the intensity with which various forms of energy
generation emit greenhouse gases. Hydropower is able to make a
significant contribution to reducing the emission of such gases in
energy production. Currently, about 19 percent of the world's
electricity is produced from hydropower.

The issues discussed in the previous sections have been gradually
coming into prominence over the past number of years, and
attention has been given to them in the international debates on
water policies and management issues that have taken place over
the last decade or so, particularly since the Earth Summit in Rio de
Janeiro. The history could even go back further, to the Mar del Plata
Action Plan of 1977, but perhaps the best starting point is the
Dublin Conference of 1992, from which emerged the Dublin
Statement on Water and Sustainable Development that was a
contribution to the preparation of the Earth Summit in Rio. This
statement contains much of merit, including the four Dublin
Principles that have become the cornerstone of much debate on
international approaches to water policies:

Freshwater is a finite and vulnerable resource, essential to
sustain life, development and the environment.

Water development and management should be based on a
participatory approach, involving users, planners and policy-
makers at all levels.

Women play a central part in the provision, management and
safeguarding of water.



18 / SETTING THE SCENE

Water has an economic value in all its competing uses and
should be recognized as an economic good.

The focus of these principles, and of the action plan, on issues of
environment, gender, governance and sustainability are still relevant
today. They are taken up in Chapter 18 of Agenda 21, prepared at
Rio, which states that:

The holistic management of freshwater as a finite and
vulnerable resource, and the integration of sectoral
water plans and programmes within the framework of
national economic and social policy, are of paramount
importance for action in the 1990s and beyond.

This same document approved seven programme areas for action at
the national and international levels:

Integrated water resources development and management.
Water resources assessment.

Protection of water resources, water quality and aquatic
ecosystems.

Drinking water supply and sanitation.

Water and sustainable urban development.

Water for sustainable food production and rural development.
Impacts of climate change on water resources.

Despite the content of Chapter 18, water resources were not a
particularly prominent issue at Rio, with issues such as forests, climate
change and biodiversity having a far higher profile. The balance has,
to a great extent, been redressed since then through the importance
given to freshwater issues by the Commission on Sustainable
Development (CSD) in its second (1994), sixth (1998) and eighth
(2000) sessions and in the 1997 UN General Assembly Special
Session. All contained a call for a concerted effort to develop more
integrated approaches to water management and for a stronger focus
on the needs of poor people and poor nations. Actions to protect
ecosystems and to ensure better participation by women, the poor
and other marginalized groups in the governance of water were
identified as specific priorities. The importance of policies that create
an enabling environment, protect the weak and create better
governance conditions were particularly recognized.

The CSD 2 meeting in May 1994 set the tone. It emphasized
that, if existing trends continued, 35 percent of the world's
population would be living in conditions of water scarcity or stress
by the year 2025, up from 6 percent in 1990. Problems with water
quality, the threat of water-related disasters and water-related
health, food security and environmental deterioration were
identified as deepening this acute situation:

‘While in the past there was a tendency to regard water
problems as being local or regional in nature, there is a
growing recognition that their increasingly widespread
occurrence is quickly adding up to a crisis of global
importance’ (CSD, 1994, p. 3).

This statement reflects the increasing prominence given to water
resource issues in international policy processes on environment and
sustainable development in the period following Rio in 1992. The
CSD 2 report on freshwater also drew out the strong link between
water resources and poverty.

The CSD 6 session was of particular importance in the
development of international approaches to water policies, building
on the detailed discussions held in an expert group meeting on
strategic approaches to freshwater management held in Harare
(Zimbabwe) in January 1998. The Harare meeting represented a
gathering of key stakeholders in international water policy
development and concluded that water stresses were of global
significance and that water was a key resource in sustainable
development. The need for fundamental changes in the dominant
approaches to water management was recognized, with @ move away
from technical and sectoral approaches and towards integrated
approaches in which the social dimension of water management was
central. This is reflected in the overall CSD 6 report (CSD, 1998, p. 5):

it is important that consideration of equitable and
responsible use of water become an integral part in the
formulation of strategic approaches to integrated water
management at all levels, in particular addressing the
problems of people living in poverty.

A growing trend in international policy debates is emphasized here:
that IWRM on its own is not enough; it must be focused on the
specific causes of water stress and the needs of those people
without water security.

The report of the Harare expert group meeting goes more
deeply into the rationale for this policy refocusing. While progress
had been made in some areas,

overall progress has been neither sufficient nor
comprehensive enough to reduce general trends of
increasing water shortages, deteriorating water quality
and growing stresses on freshwater ecosystems. There is
a compelling case for integrating these approaches to
freshwater management into national economic
frameworks as key elements in policies for sustainable
development and poverty alleviation (CSD, 1998, p. 5).



This statement is important in that it further qualifies the concept
of IWRM: integration is not just between different parts of water
management, it also relates to how water is integrated into wider
processes of sustainable development, environmental management
and poverty reduction. The Harare meeting recommended the
following issues as keys to policies for water management:
sustainability, capacity-building, information management,
environment and development, economics and finance, participation
and institutions and, finally, international cooperation.

CSD 8 met in the spring of 2000. The overall focus was
particularly on issues of rural development and sustainable
agriculture. Links between agriculture, land and water were
considered within this context, emphasizing that agriculture was the
overwhelmingly dominant water user in most parts of the world.
Natural limits to water availability and deficiencies in many aspects
of water management were highlighted and the need to realize
potential increases in the productivity of water use in both rainfed
and irrigated agriculture were recognized as key policy priorities.
This represents a further move away from supply-side policies
(where the key was seen to be to increased water availability) and
towards demand management approaches. Again this theme has
parallels in other areas and has been further emphasized since.

The year 2000 saw several of these policy trends come together
through a number of international events. These included the Millennium
Session of the United Nations General Assembly. The UN Millennium
Declaration specifically states in the targets set for 2015 (paragraph 19):

We resolve further to halve, by the year 2015, the
proportion of the world’s people whose income is less
than one dollar a day and the proportion of people who
suffer from hunger and, by the same date, to halve the
proportion of people who are unable to reach or to
afford safe drinking water.

This resolution is quoted in full because it demonstrates the link, in
one paragraph, between poverty, hunger and water security. This link
is significant in policy terms, as it defines, for the global community,
the overriding policy priority for water resource management. The
principal crisis is one of the governance barriers that prevent the
poor from having sustainable access to water resources. This means
that the global community must first and foremost ensure that
national and international water resources policies prioritize the
reduction and eventual eradication of poverty. Through the
sustainable use of water resources we can begin to meet basic
needs, reduce vulnerabilities, improve access and empower poor
people to control the water resources upon which they depend.
These links were demonstrated in table 1.1, which looked at the
contribution that improved water management can make to each of
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the different Millennium Development Goals. Progress in realizing these
goals is extremely hard to measure, and separating out the specific
contribution of water management to the progress made is difficult,
but essential to action. The available indications suggest that there
have been some notable achievements in many parts of the world and
prospects for achieving many of the goals are good. This is particularly
true in South America and parts of Asia. The picture for Africa and, to
a lesser extent, South Asia is not as encouraging. If we focus on the
world's prospects for achieving the Millennium Development Goal
concerned with water supply, a similar picture emerges with the
exception that South Asia is on track for achieving the target ahead of
schedule. Prospects for Africa and parts of East Asia and the Pacific are
again, less optimistic, with some progress made but from a low base,
and little hope for achieving the 2015 goal if present trends continue.

There has, in consequence, been active development towards
refining the approach to water resources within the CSD and in the
UN system in the years since Rio. There have also been parallel
developments of great significance, perhaps the most important of
which was the preparation of the World Water Vision, launched at the
World Water Forum in The Hague in March 2000, and the Ministerial
Declaration on Water Security in the 21st Century, affirmed by the
representatives at the parallel Ministerial Conference in The Hague.

The World Water Vision's subtitle, ‘making water everybody's
business', sums up the intention and need to build a consensus on
the importance of water and the ways forward in the future rather
than coming up with radically new approaches. The Vision itself was
built around a series of scenarios. The ‘business as usual' scenario
was proved not to be a viable option, as the projection into the future
of present trends in water use and resource degradation would rapidly
become unsustainable in many parts of the world, greatly deepening
emerging crises in these regions. The Vision did define a sustainable
scenario in which the key needs of all people were met and ecological
integrity was maintained. It emphasized that realizing this sustainable
future would require 'that people’s roles and behaviours must change
to achieve sustainable water resources use and development’
(Cosgrove and Rijsberman, 2000, p. xiii).

The Hague Ministerial Declaration represented the political
response to the Vision and the emergence of an international
consensus on the importance of water in sustainable development.
It identified seven challenges for the global community, challenges
that provide the basis for the policy issues discussed below and
that make up the thematic chapters of this report.

Meeting basic needs: recognizing that access to safe and
sufficient water and sanitation are basic human needs and are
essential to health and well-being, and to empower people,
especially women, through a participatory process of water
management.
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Securing the food supply: enhancing food security,
particularly of the poor and vulnerable, through the more
efficient mobilization and use of water and the more equitable
allocation of water for food production.

Protecting ecosystems: ensuring the integrity of
ecosystems through sustainable water resources management.
Managing risks: providing security from floods, droughts,
pollution and other water-related hazards.

Sharing water resources: promoting peaceful cooperation
and developing synergies between different uses of water at all
levels, whenever possible, within and - in the case of boundary
and transboundary water resources - between concerned
states, through sustainable river basin management or other
appropriate approaches.

Valuing water: managing water in a way that reflects its
economic, social, environmental and cultural values in all uses,
with @ move towards pricing water services to reflect the cost
of their provision. This approach should account for the need
for equity and the basic needs of the poor and the vulnerable.
Governing water wisely: ensuring good governance, so that
the involvement of the public and the interests of all stakeholders
are included in the management of water resources.

The seven challenges from The Hague represent a major turning point
in the development of water policies, but they are not the final word.
Indeed, work has continued since The Hague in further defining the
key challenges that face water policy-makers, and will continue over
the coming years. Work undertaken within the preparation of this
report has identified a further four challenges for the future.

Water and cities: acknowledging that urban areas are
increasingly the focus of human settlements and economic
activities, and that they present distinctive challenges to water
managers.

Water and industry: focusing on industry needs and the
responsibility to respect water quality and take account of the
needs of competing sectors.

Water and energy: recognizing that water is vital for all
forms of energy production, and that there is a need to ensure
that energy requirements are met in a sustainable manner.
Ensuring the knowledge base: reflecting that good water
policies and management depend upon the quality of
knowledge available to decision-makers.

The report does not follow the order of these challenges, instead
opting to concentrate on two main issues in the water arena - 'needs,
uses and demands’, and ‘management’. The challenges are reorganized
within these two parts. Taken together, the eleven challenges highlight

the elements essential to defining a compelling policy agenda. Now it is
everybody's business to turn these challenges into specific policies and
actions that reflect their differing needs and priorities, and the potential
available to them in different places at different times.

There has been active development of these basic principles
since the meeting in The Hague in March 2000. The German
government hosted an International Conference on Freshwater in
December 2001, again with widespread participation and active
debates on key water issues. The Ministerial Declaration produced at
this meeting stressed the contribution that water management can
make to reaching the Millennium Development Goals. Issues of
finance, governance, gender and capacity development were
emphasized. The Conference as a whole identified five ‘keys': actions
that were seen as essential to moving the water debate forward.
These keys relate to the water security of the poor, decentralization,
partnerships, sharing water and governance. The Ministerial
Declaration also emphasized the importance of mainstreaming water-
related issues in the preparation of the 2002 WSSD in Johannesburg.

This theme was again taken up during the preparations for the
Summit. Kofi Annan, the Secretary General of the United Nations,
stated his conviction that water should be one of the key issues
debated at the Summit. The Netherlands Crown Prince, Willem
Alexander, an influential voice in the debate on water, produced a
paper called ‘No Water, No Future' as his contribution to the WSSD.
The Prince’s introductory statement underscores the links between
water resources and sustainable development:

The World Summit on Sustainable Development should
reaffirm the importance of achieving water security and
adopt targets and actions that will allow us to meet this
challenge jointly. In this context, | would even daresay
that if nations cannot manage their water resources,
Sustainable Development remains a faraway dream.

The Fourth Prepcom for the WSSD in Bali in May-June 2002 defined
the context within which issues such as water management must
be considered:

Poverty eradication, changing unsustainable patterns of
production and consumption and protecting and
managing the natural resource base of economic and
social development are overarching objectives of, and
essential requirements for, sustainable development.
(CSD, 2002, p. 1)

The WSSD reaffirmed the existing Millennium Development Goal on
water provision and agreed on a new goal on improved sanitation.
This is of great significance, as it is the first time that the key issue



of sanitation has been specifically recognized as a focal point for
international action. The WSSD Plan of Implementation also
reaffirmed the links between water resources, poverty reduction,
disaster management and other issues such as health and food
security. As such, it reflected the emerging international consensus
demonstrated in the Hague and Bonn Declarations and elsewhere.

Similar conclusions are being reached elsewhere. The World Bank
has drafted a new Water Resources Sector Strategy (World Bank,
2002) that emphasizes the strong links between water development
and poverty reduction, the need for both better management
development of water resources in most developing countries, and
the importance of the global community supporting these developing
nations by sharing the risks of water investment, using both
investment and guarantee instruments. The Global Environment
Facility (GEF) summarized discussions at the Ministerial Roundtable
on Financing Environment and Sustainable Development held in
Monterrey and Bali at the preparatory conference for the WSSD (GEF,
2002).

The prominence of water issues at the Monterrey meeting
reflects the increasing recognition of the importance of financing
investments in water management. Many water investments, and
especially large-scale infrastructure, are expensive and risky, with
uncertain rates of return and long pay-back periods. Some, such as
large dams, are also very controversial and can have high associated
social and environmental costs. Others, including many water supply
schemes built by governments for low-income communities, are
unlikely to ever recover their costs. But the need for such
investments is clear if many water-related problems are to be
overcome. There are uncertainties over exactly how much money is
needed to provide all the world's people with a minimum level of
water security, but the costs undoubtedly run into many billions a
year. The issue of how to finance these investments is emerging as
a major policy issue for the future.

At the regional level, key statements have been made by groups
of ministers in both Asia and Africa. A joint statement by ministerial
delegations from ten Asian countries (Cambodia, Indonesia, Lao
PDR, Malaysia, Myanmar, Nepal, Philippines, Sri Lanka, Thailand and
Viet Nam) in May 2002 agreed upon the vital importance of
sustainable water management for their countries. The statement
recognized water as a basic human need that should be given a
special social valuation and called on governments to ensure that all
people have affordable access to safe water for basic needs. The
statement also recognized the importance of water for food
security, the need for participation in water management and the
links between good governance and good water management.

The context for discussion of water issues in Africa has been
redefined by the development of the New Partnership for Africa's
Development (NEPAD), the launching of the African Ministerial
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Conference on Water and the formation of a consensus on water
through meetings of the majority of African countries in Accra and
Abuja in April 2002. NEPAD is a vision for a new approach to
development in Africa based on partnership between Africa and the
rest of the world. It calls for a programme of action to build
integrated development that balances social, economic and political
issues. It is recognized that water will play a key role in many
aspects of this new development trajectory, a conclusion reflected in
the Accra Declaration on Water and Sustainable Development. This
called for policies, strategies and real commitments to
implementation in six key areas, with all undertaken in a manner
designed to protect the environment:

improved access to potable water services and sanitation;

water use to address food security and income generation;
IWRM in national and shared water basins;

water-related disaster prevention, mitigation and management;
empowerment and capacity-building focuses on improving equity
and gender sensitivity; and

pro-poor water governance and water policies.

These key statements from ministers from Africa and Asia reflect the
integration of new approaches based on the social and
environmental values of water into mainstream policy development.
Links to poverty reduction are particularly notable in both, as are
the role that water management plays in disaster mitigation and
environmental sustainability.

It is consequently clear that there is a strong momentum in the
international community to recognize the importance of water
management in the wider processes of poverty reduction and
sustainable development. But to do so necessitates changes to
policies and laws as well as new management practices. Such
changes are happening in many places, though this is a long-term
process and conservative forces often resist them. Actions to
support future reform through enhanced international cooperation
in particular will be a key issue for future water management. There
are a number of good examples of reform, some of which are
considered later in this book. The future is likely to see a
continuation of the types of changes to policy approaches that
have emerged in the years since Rio, with in particular a consensus
on the need for more integrated approaches, stronger partnerships
and a more effective focus on poverty reduction and sustainable
development in water policy processes.
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Study the past if you would divine the future.

The road to sustainable management of
water resources has been paved with thirty
years of international conferences and
decisions. This chapter gives the highlights

of these major worldwide efforts.
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This table is available on the WWAP web site, with hyperlinks to the full text of the outcomes: http://www.unesco.org/water/wwap/milestones

1972 UN Conference on the Declaration of the UN ‘A point has been reached in history when we
Human Environment, Conference on the must shape our actions throughout the world
Stockholm Human Environment with a more prudent care for their environmental
Main issues: preservation and consequences.’ (6. Declaration of the UN
enhancement of the human Conference on the Human Environment)
environment
1977 UN Conference on Water, Mar del Plata Action Plan ‘relatively little importance has been attached
Mar del Plata to water resources systematic measurement.
Main issues: assessment of The processing and compilation of data have also
water resources, water use been seriously neglected.” (Recommendation A:
and efficiency Assessment of water resources, Mar del Plata Action
Plan)
1981-1990 International Drinking Water 'The goal of the Decade was that, by the end of
and Sanitation Decade 1990, all people should possess an adequate water
supply and satisfactory means of excrete and
sullage disposal. This was indeed an ambitious
target as it has been estimated that it would have
involved the provision of water and sanitation
services to over 650,000 people per day for the
entire ten year period. Although major efforts were
made by government and international organisations
to meet this target, it was not achieved." (Choguill,
C.; Francys, R.; Cotton, A. 1993. Planning for Water
and Sanitation.)
1990 Global Consultation on Safe New Delhi Statement: ‘Safe water and proper means of waste

Water and Sanitation for the
1990s, New Delhi

Main issues: safe drinking

water, environmental sanitation

World Summit for Children,
New York
Main issues: health, food supply

Beginning of the International
Decade for Natural Disaster
Reduction (1990-2000)

‘Some for all rather than
more for some’

World Declaration on the
Survival, Protection and
Development of Children

Recognition of the increased
general vulnerability of people
and property to natural disasters

disposal ... must be at the center of integrated
water resources management’ (Environment
and health, New Delhi Statement)

‘We will promote the provision of clean water

in all communities for all their children, as well
as universal access to sanitation.’

(18. World Declaration on the Survival, Protection
and Development of Children)

"to reduce through concerted international action,
especially in developing countries, the loss of life,
property damage and social and economic disruption
caused by natural disasters..." (Resolution 44/236 of
the UN General Assembly)



http://www.unesco.org/water/wwap/milestones

MILESTONES / 25

1992 International Conference on Dublin Statement on Water Principle 1: 'Fresh water is a finite and

Water and the Environment, and Sustainable vulnerable resource, essential to sustain life,

Dublin Development development and the environment’

Main issues: economic value of Principle 2: 'Water development and management

water, women, poverty, resolving should be based on a participatory approach,

conflicts, natural disasters, involving users, planners and policy-makers

awareness at all levels’
Principle 3: ‘Women play a central part in the
provision, management and safeguarding of water’
Principle 4: ‘Water has an economic value in all its
competing uses and should be recognized as an
economic good' (Guiding principles. The Dublin
Statement on Water and Sustainable Development)

UN Conference on Environment  Rio Declaration on Environment ‘establishing a new and equitable global

and Development (UNCED and Development partnership through the creation of new levels

Earth Summit), Rio de Janeiro of cooperation among States, key sector societies

Main issues: cooperation and and people’ (Rio Declaration)

participation, water economics,

drinking water and sanitation, Agenda 21 'The holistic management of freshwater ... and

human settlements, sustainable the integration of sectoral water plans and

development, food production, programmes within the framework of national

climate change economic and social policy, are of paramount
importance for action in the 1990s and beyond.’
(Section 2, Chapter 18, Agenda 21)

1994 Ministerial Conference on Programme of Action 'To assign high priority to programmes designed

Drinking Water Supply and
Environmental Sanitation,
Noordwijk

Main issues: drinking water supply
and sanitation

UN International Conference on
Population and Development,
Cairo

Programme of Action

to provide basic sanitation and excreta disposal
systems to urban and rural areas.’ (Action
Programme)

'To ensure that population, environmental and
poverty eradication factors are integrated in
sustainable development policies, plans and
programmes.’ (Chapter Il - Interrelationships
between population, sustained economic growth
and sustainable development, C- Population and
Environment, Programme of Action)
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1995 World Summit for Social Copenhagen Declaration on "To focus our efforts and policies to address the
Development, Copenhagen Social Development root causes of poverty and to provide for the basic
Main issues: poverty, water supply needs of all. These efforts should include the
and sanitation provision of ... safe drinking water and
sanitation.’ (Chapter | - Resolutions adopted by the
Summit, Commitment 2.b., Copenhagen
Declaration)
UN Fourth World Conference on  Beijing Declaration and ‘Ensure the availability of and universal access
Women, Beijing Platform for Action to safe drinking water and sanitation and put
Main issues: gender issues, in place effective public distribution systems as
water supply and sanitation soon as possible.” (106 x, Beijing Declaration)
1996 UN Conference on Human The Habitat Agenda ‘We shall also promote healthy living environments,
Settlements (Habitat Il), Istanbul especially through the provision of adequate
Sustainable human settlements quantities of safe water and effective management
development in an urbanizing world of waste." (10. The Habitat Agenda, Istanbul
Declaration on Human Settlements)
World Food Summit, Rome Rome Declaration on World 'To combat environmental threats to food security,
Main issues: food, health, water Food Security in particular, drought and desertification ... restore
and sanitation and rehabilitate the natural resource base, including
water and watersheds, in depleted and overexploited
areas to achieve greater production.’ (Plan of Action,
Objective 3.2, Rome Declaration)
1997 First World Water Forum, Marrakech Declaration ‘to recognize the basic human needs to have
Marrakech access to clean water and sanitation, to
Main issues: water and sanitation, establish an effective mechanism for
management of shared waters, management of shared waters, to support and
preserving ecosystems, gender equity, preserve ecosystems, to encourage the efficient
efficient use of water use of water.' (Marrakech Declaration)
1998 International Conference on Paris Declaration on Water and 'to improve co-ordination between UN

Water and Sustainable
Development, Paris

Sustainable Development

Agencies and Programmes and other international
organizations, to ensure periodic consideration within
the UN system ... [To] emphasize the need for
continuous political commitment and broad-based
public support to ensure the achievement of
sustainable development, management and protection,
and equitable use of freshwater resources, and the
importance of civil society to support this
commitment.’ (Paris Declaration)
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2000 Second World Water Forum, World Water Vision: Making * 'Involve all stakeholders in integrated management;
The Hague Water Everybody's Business * Move to full-cost pricing of water services;
Main issues: water for people, * Increase public funding for research and innovation;
water for food, water and nature, * Increase cooperation in international water basins;
water in rivers, sovereignty, * Massively increase investments in water’
interbasin tranfer, water education (Vision Statement and Key Messages, World Water
Vision)
7 challenges: Meeting basic needs, Ministerial Conference on ‘We will continue to support the UN system to
Securing the food supply, Protecting ~ Water Security in the 21st re-assess periodically the state of freshwater
ecosystems, Sharing water resources,  Century resources and related ecosystems, to assist countries
Managing risks, Valuing water, where appropriate, to develop systems to measure
Governing water wisely progress towards the realization of targets and to
report in the biennial World Water Development
Report as part of the overall monitoring of Agenda
21." (7.B, Ministerial Declaration)

UN Millennium Declaration ‘We resolve ... to halve, by the year 2015 ... the
proportion of people who are unable to reach or to
afford safe drinking water.” (19, UN Millennium
Declaration)

End of the International Decade
for Natural Disaster Reduction
(1990-2000)
2001 International Conference on Ministerial Declaration ‘Combating poverty is the main challenge for

Freshwater, Bonn
Water - key to sustainable
development

Main issues: governance, mobilizing
financial resources, capacity-building,
sharing knowledge Recommendations for action

achieving equitable and sustainable
development, and water plays a vital role in
relation to human health, livelihood, economic
growth as well as sustaining ecosystems.’
(Ministerial Declaration)

‘The conference recommends priority actions under
the following three headings:

* Governance

* Mobilising financial resources

¢ (apacity building and sharing knowledge'

(Bonn Recommendations for Action)
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2002

World Summit on Sustainable
Development, Rio+10,
Johannesburg

Johannesburg Declaration on
Sustainable Development

Plan of Implementation

"We recognize that poverty eradication,

changing consumption and production patterns,
and protecting and managing the natural resource
base for economic and social development are
overarching objectives of, and essential
requirements for sustainable development.’

(Para. 11, Declaration on Sustainable Development)

‘The provision of clean drinking water and adequate
sanitation is necessary to protect human health and
the environment. In this respect, we agree to halve,
by the year 2015, the proportion of people who are
unable to reach or to afford safe drinking water (as
outlined in the Millennium Declaration) and the
proportion of people who do not have access to basic
sanitation ... (1.7, Plan of Implementation)

‘Develop integrated water resources management
and water efficiency plans by 2005, with support to
developing countries, through actions at all levels to:
a) Develop and implement national/regional
strategies, plans and programmes with regard to
integrated river basin management,

b) Employ the full range of policy instruments,
including regulation, monitoring, voluntary
measures, market and information-based tools.

¢) Improve the efficient use of water resources.’
(IV.24, Plan of Implementation)

2003

International Year of
Freshwater

Third World Water Forum, Kyoto

‘Water is likely to become a growing source of
tension and fierce competition between nations, if
present trends continue, but it can also be a catalyst
for co-operation. The International Year of
Freshwater can play a vital role in generating the
action needed - not only by governments but also
by civil society, communities, the business sector and
individuals all over the world." (UN Secretary-
General, Kofi Annan)
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Table 3.6: Overview of a number of indicators, their aims and the correct
spatial scale of their use
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The woods are lovely, dark and deep,
But | have promises to keep,

And miles to go before | sleep,

And miles to go before I sleep.
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NTERNATIONALLY ACCEPTED INDICATORS on different aspects of water management need to be developed. These

should include indicators for the relevant targets in the UN Millennium Declaration and for other relevant national

and international goals. These indicators should be developed through participatory processes, including
stakeholders from different levels and around the world. The World Water Assessment Programme [WWAP] should take a
lead role in the development of these indicators (Bonn Freshwater Conference, 2001).

The Challenge

Development of indicators goes hand-in-hand with WWAP's mandate
to monitor progress towards meeting the targets and goals set out in
Agenda 21, Commission on Sustainable Development (CSD) processes,
and other important intergovernmental forums, such as the Ministerial
Meeting of the Second World Water Forum. It was resolved in the
planning stages of the World Water Development Report (WWDR)
that to measure progress - or the lack of it - specific tools would
have to be developed. As a result, one of WWAP's tasks is the
development and implementation of a comprehensive set of
indicators, which would structure and provide the information required
for assessing the state of water resources and help in monitoring
progress towards sustainable management.

Indicators are used to simplify, quantify, communicate and create
order within complex data. They provide information in such a way
that both policy-makers and the public can understand and relate to
it. They help us to monitor progress and trends in the use and
management of water resources over time and space. Similarly,
indicators can help us to compare results in different areas or
countries and examine potential links between changing conditions,
human behaviour and policy choices. Because ‘good" indicators are
easy to understand, they offer a tool for raising awareness about
water issues that cuts across every social and political group.

Developing ‘good' indicators is not an easy task, however, and
involves collection, collation and systematization of data. The need for
clarity and ease of understanding means that indicators often condense
large volumes of data into brief overviews and reduce the complexities
of the world into simple and unambiguous messages. The need for
scientific validity, on the other hand, requires that indicators must
simplify without distorting the underlying patterns or losing the vital
connections and interdependencies that govern the real world. They
must therefore also be transparent, testable and scientifically sound.

According to the World Health Organization (WHO), indicators
have to meet a whole set of criteria, which both 'condition and limit
the types of indicators that can be developed and the ways in which
they may be constructed and used' (WHO, 1999). Because the same
indicator has to satisfy often conflicting but equally important social,
political, financial and scientific objectives, deriving indicators
becomes an objective maximization exercise constrained by available
time, resources and partnership arrangements.

The solution lies in identifying or developing denominators
common to as many cases as possible, so that comparisons may be
made. If data can be gathered according to commonly agreed or
standardized norms, then lessons can be drawn that may be
transposable from one case to another.

Laying the foundation: the first edition of the WWDR
Attempts to develop indicators are not new. Since the early 1960s,
efforts have been underway to develop a meaningful set of
indicators and indices for water resources. Against this backdrop,
the WWDR has been mandated to develop indicators and adopt a
methodology for their development by learning from previous
initiatives. This has proven to be a slow process in which each
milestone provides the way - or ways - forward. Amidst such
complexity and trade-offs, the WWAP secretariat agreed on a
methodological approach, identified some indicators, carried out
limited testing and developed a better understanding and
appreciation of the problems inherent to indicator development.
These are significant achievements and they move the WWDR, as a
reporting mechanism, towards where it aims to be in the future.

In this book, indicators are much in evidence. In each of the
eleven challenge chapters that make up parts Ill and IV, for example,
various figures and statistics are presented. These are indicators -
tools for monitoring changes through time and space. A comparison
of the 'before’ and ‘after’ pictures allows us to assess progress, as
does a comparison of the present state of things with the desired
"target’. What are the major drivers exacerbating freshwater
availability in the world? How many people have access to drinking
water? What are the signs and markers of malnutrition, declining
biodiversity, and transboundary water as a medium for cooperation?
These are a few of the major questions surrounding freshwater
management issues. The report offers numerous such indicators that
might help us to assess issues and better tackle them in the future.

The seven pilot case studies that make up part V also present
indicators for measuring progress against targets. In a few instances,
the indicators developed in one river basin are the same, or at least
similar, to those in another basin. But on average, differences from
one case study to the next outweigh the similarities. This lack of
common measurement is one of the great challenges for the WWDR.
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Bangkok and Tokyo are both urban basins, but are not subject to
the same pressures and do not occupy similar natural environments
or enjoy the same socio-economic status. The Senegal River basin,
Lake Titicaca and Lake Peipsi are all transboundary water bodies,
but they are not comparable. This book highlights such variability
while reporting on existing commonalities.

Nonetheless, the task at hand is far from complete. Gathering
harmonized data and developing indicators that are universally
applicable are complex and delicate tasks, not best done in a hurry.

Indicators are our link to the world (11SD, 1999).

Indicators help to reflect and communicate a complex idea. They are
everywhere and are part of our everyday lives. We use them to
observe, describe, and evaluate actual states, to formulate desired
states or to compare an actual with a desired state. These simple
numbers, descriptive or normative statements can condense the
enormous complexity of the world around us into a manageable
amount of meaningful information. For example, a farmer in North
India can determine the suitability of field preparation to sow wheat
based on the soil's ability to form a ball when pressed, while her
counterpart in Canadian prairies would need to take a moisture
meter reading of the soil. Although the purpose of both acts is the
same, the former relies on the soil's ability to form a ball as an
indicator and the latter on the value in her moisture meter.
Indicators can therefore be either descriptive or normative; they
may indicate quantitative or qualitative information and they may (or
may not) be applicable to varying temporal and spatial dimensions.
Probably the most essential criterion for an indicator is that it should
enlighten its user and provide a sense of the issue being examined.
An indicator can be a simple data point or variable, or can be a
simplified value derived using a complex mathematical algorithm.

The usefulness of an indicator is most important; and for an indicator
to be useful the complexity employed in developing indicators seldom
matters. What matters is that the selection of the variable or the
mathematical aggregation of several variables gives a clear picture of
the issue being assessed, referenced or monitored. An E-coli bacteria
count in a water source may be accurate but it will be of no use to a
mother portering water from an improvised Johad (well) in the Thar
Desert in India. However, a photograph or an image of a child suffering
from disease after drinking contaminated water can provide her with a
concept of better protection of water during its collection and storage.
Indicators can tell a different story or message according to
specific contexts, for particular purposes and for specified target

groups, and therefore resist universal application. Both the design and
the use of indicators involve many personal and negotiated decisions,
explicit and implicit assumptions, normative and subjective judgement,
disciplinary and method-specific rules. They are based on beliefs,
internalized values and norms and on one's perception of ‘reality’. For
example, the grey cloud may bring happiness to a rice farmer in Sri
Lanka, but the same can mean disaster to a potter in Viet Nam. In
essence, if we have learned to watch the relevant indicators, we can
understand and cope with our dynamic environment.

To indicate, according to the dictionary, is 'to point out, to
announce, to give notice to, to determine or to estimate’. Many
definitions of indicator and index can be found in literature, but the
following are used in this report.

An indicator, comprising a single data (a variable) or an output
value from a set of data (aggregation of variables), describes a
system or process such that it has significance beyond the face
value of its components. It aims to communicate information on
the system or process. The dominant criterion behind an
indicator's specification is scientific knowledge and judgement.

An index is a mathematical aggregation of variables or indicators,
often across different measurement units so that the result is
dimensionless. An index aims to provide compact and targeted
information for management and policy development. The problem
of combining the individual components is overcome by scaling
and weighting processes, which will reflect societal preferences.

The aggregation of variables into an indicator may be likened to
combining the annual withdrawal of surface and groundwater into
the total annual withdrawal. An index combines for example, the
withdrawal with the availability of water to indicate water stress.
The emphasis in an index is not on scientific justification, but on
responding to the societal needs. Figure 3.1 shows the difference
between variables, indicators and indices.

A variable is an observed datum derived by using basic statistics
or monitoring, such as amount of rainfall or runoff, or number of
diarrhoeal cases. Indicators are derived when the basic variables
or observed data are aggregated using objective and scientific
methods; for example mathematical aggregation of evaporation
and transpiration data provide an indicator on evapotranspiration.
When such core indicators are lumped together we get an inde,
for example, the aridity index of an area, which can be
constructed by aggregating different indicators on water
availability and use (see box 3.1).
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The main functions of indicators are thus simplification,
quantification, communication and ordering. Indicators can relate
and integrate information and allow comparison of different regions
and different aspects. Most significantly, indicators:

= provide information on the system or process under
consideration in an understandable way and are therefore a
means of communication to policy-makers and the public;

= evaluate the effect of performed policy actions and plans (after the
fact) and help to develop effective, new actions (beforehand); and

= help to translate information need into data that have to be
collected and to translate collected data into policy relevant
information.

Purpose and use of indicators

Clearly, the growing interest in the use of indicators and indices is
closely connected to the increasing complexity of policy problems
and the large amount of available data. In the water sector, beyond
their face value, indicators can provide various types of information,
as listed below.

= Descriptive: describing the state of the resource is the most
common use of indicators. An example of the descriptive use of
indicators is given by figure 3.2, presenting the values of four
indicators, namely available water resources, water demand,
internal renewable water resources, and water supply on a global
scale. These maps clearly show global differences in resources,
demand and supply of water. However, without reference to a
specific location and context, they cannot be used to make
management decisions.

= Showing trends: regular measurement of indicators provides time
series, which can show trends that may provide information on the
system's functioning or its response to management. Figure 3.3
presents the development of consumable fish as a percentage of
the minimum biomass needed for a sustainable renewal of the fish
population. The indicator gives information on both the aquatic
ecosystem and the long-term viability of the fisheries sector.

= Communication: indicators can be an instrument to
communicate policy objectives and results to the public. Such
indicators help promote action. The United Nations' Children’s Fund
(UNICEF) offers an example to illustrate the use of simple health-
related indicators to communicate the relationship between
inadequate access to water and sanitation and the health of
children of the world. A commonly asked policy question is: why
are children most vulnerable to unsafe water and environmental

Figure 3.1: Translation of an information need into policy-oriented
information using variables, indicators and indices

Aggregation versus information loss ~ ——>

Statistics or  Objective, scientifically- Subjective, policy-

monitoring based aggregation  pased aggregation
l Variables l Indicator l Index
: A
Information C B | Policy-orientated
need d information
e ©
f

From science to policy-making ——>

This figure shows the difference between variables, indicators and indices, which all
represent different stages of information collation. Indicators take variables and
condense them into manageable information sets, which are then further
condensed by indices. These can then be translated into policy-oriented
information.

Source: Lorenz, 1999.

Box 3.1: The Water Poverty Index
as an illustration of the difference
between variables, indicators and index

The purpose of the WPl is to provide decision-makers with 'an
evaluation tool for assessing poverty in relation to water
resource availability'. The occurrence of poverty reflects the
conditions of life upon which a person depends and the
existence of a combination of circumstances or ‘functioning’
which gives rise to capabilities upon which an individual can
build. The five key components of the WPI are:

1. resource: physical availability of surface and groundwater;

2. access: the extent of access to this water for human use;

3. capacity: the effectiveness of people’s ability to
manage water;

4. use: the ways in which water is used for different
purposes; and

5. environment: the need to allocate water for ecological
services.

In the calculation of the WPI, these components (indicators)
are each made up of a collection of subcomponents
(variables).

Source: Sullivan. Prepared for the World Water Assessment Programme
(WWAP), 2002.




Figure 3.2: Calculated available water resources, water demand, internal renewable water resources and water supply
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risks? A simple indicator-based response to this question is that in
1998, 2.2 million people died from diarrhoeal diseases of which
1.8 million were children under five years of age. The statement
clearly demonstrates that poor access to water and sanitation
primarily affects children under five years of age since this age
group represents almost 85 percent of total deaths. The indicator
response also demonstrates, however, the risks of simplification,
because it overlooks the fact that a large proportion of diarrhoeal
diseases are food-borne rather than linked to contaminated
drinking water.

= Assessment: an indicator value can also be compared to a

reference condition that represents some desired state. Specification
of a reference condition depends strongly on the purpose of the
indicator, its users, and the issue being reflected. Reference
conditions include policy targets, sustainability criteria and historical
states. Box 3.2 demonstrates that existence of a certain mammal,
fish or bird species can be a simple reference indicator to assess the
quality of the ecosystem.

Predicting the future: when models are linked to indicators, a
time series can be extended into an (estimated) future.
Alternative scenarios can be assessed in terms of how well each
one moves the system towards a desired state. Figure 3.4 shows
an example of this use.

Box 3.2: Use of species as indicators for
ecosystem quality

Species can be very good indicators for ecosystem quality. In
the first place, the presence of a certain species provides
information on ecological processes. For example, the
occurrence of migrating fish indicates that a river can be
safely navigated by fish. Mammals are species from the
higher levels of the food chain. Their presence indicates that
the underlying food web is functioning well enough to
provide the mammal with sufficient food. Furthermore, they
need relatively large areas of suitable habitat. Therefore, the
presence of mammals is an indicator for the quality and size
of an ecosystem.

Beyond their face value, species serve a function of
communication as well, particularly species of the higher
trophic levels, such as fish, mammals and birds that appeal to
the public. Therefore, the return of a popular species is often
stated as an objective of ecological restoration measures to
increase social acceptance of these measures (e.g. salmon in
the Rhine, beaver in the Elbe).

Figure 3.4: Annual freshwater demand in different regions of the world for
the current situation and for two alternative projections for the year 2025

Figure 3.3: Development of consumable fish as a percentage of the
minimum biomass needed for a sustainable renewal of the fish population
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This indicator gives information on both the condition of the aquatic ecosystem and the

long-term viability of the fisheries sector. There was a trend of rapid decline in the
development of consumable fish in the early 1990s, but their populations have been
steadily increasing again since 1997.

Source: CIW, 2000.

This graph represents the indicator of future annual freshwater demand. Projections
show that demand is likely to rise in most areas of the world, excluding Africa.
Indicators can therefore be used to make projections into a possible future.

Source: Watermodel, presented at the Second World Water Forum.
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Indicators for monitoring progress towards sustainable
development are needed in order to assist decision-makers
and policy-makers at all levels and to increase focus on
sustainable development (UN Sustainable Development
web site).!

The sustainable development, management, protection and use of
freshwater resources act as guiding principles for indicator
development and assessments. Sustainable development in particular
has received much attention since its position at the forefront of the
World Commission on Environment and Development (WCED) in 1987.
The WCED defined sustainable development as ‘the development that
meets the needs of the present without compromising the ability of
future generations to meet their own needs'. A key factor in the
elaboration of sustainable development is the integral view taken of
the central concepts: that the interests of people, society, economy
and environment need to be seen as an interconnected whole and
trade-offs respecting all interests need to be made. Economic
development has to be viable from a social and environmental point of
view, social development has to be viable in the light of economy, and
environment and environmental policies have to be attuned to social
and economic development. The trade-offs are ultimately a societal
and political choice.

Integrated Water Resources Management (IWRM) can be
regarded as the vehicle that makes the general concept of
sustainable development operational for the management of
freshwater resources. IWRM adopts a holistic approach, which
implies that information is needed on the state of the economy,
society and water resources, and their mutual relationships. It also
invokes the need for greater participation, which means that there
must be tools for effective communication between different groups
of stakeholders - e.g. policy-makers, the public and scientists.
Indicators can help simplify information on IWRM and establish
effective communication between various stakeholders.

1. Citation taken from http://www.un.org/esa/sustdev/isd.htm posted circa 2000.

The search for indicators is evolutionary. The most
important process is one of learning (WHO, 1999).

Two main issues stand out as the main drivers for indicator
development: the need to present complex phenomena in
meaningful, understandable, comparable and objective numbers to
decision-makers and the public, and the need to establish objective
benchmarks to analyse changes over time and space. Although
tracking weather, rainfall and other hydrological variables has been
carried out for a long time, focused indicator development work
appears to have begun only in the early 1980s, when the need
arose for combining different variables to produce an aggregate
value (Spreng and Wils, 2000). The effort gained additional impetus
during the late 1980s, when sustainable development became a
global issue. This necessitated the development of indices, concepts
and frameworks that enabled putting these indicators and indices
into cause-effect relationships, thereby integrating the
environmental, economic and social domains of development.
Considerable progress seems to have been made since the early
1990s. Figure 3.5 summarizes the history of indicator development.

In the literature, different approaches exist on how an indicator
or a set of indicators can be built (Bossel, 1999; Meadows, 1998;
Van Harten et al., 1995). The major indicator development models
appear to have been shaped by four approaches, namely the
bottom-up approach where the logic goes from data to parameters
to indicators, the top-down approach, which follows the logic down
from vision to themes to actions to indicators, the systems approach,
which bases indicators on a comprehensive analysis of system inflows
and outputs, and the cause-effect approach (commonly known as
the Pressure-State-Response [PSR] approach or the Driving force-
Pressure-State-Impact-Resource [DPSIR] or the Driving Force-
Pressure-State-Exposure-Effect-Action [DPSEEA]), which subscribes to
the logic of indicators denoting various causes and effects.

The bottom-up approach uses an information pyramid,
wherein the logic is to aggregate available primary data along
several hierarchical levels into indicators using intuitive and
mathematical approaches. Water resource specialists tend to be
critical of this approach as being too reductionist. It is reasoned
that the lumping of information not only reduces the ‘internal
variability’ of the system, but also loses the relational issues to
other resources and processes. Finding data alone without
building models to test hypotheses in a real environment is of
little use. Once data are available, very often in abundance, there
is some danger that the bottom-up approach has to go through a
bureaucratic compression process. With such compression,
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> Figure 3.5: Overview of the history and development of sustainability indicators
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creative ideas may be abandoned. It is essential to understand
whether one piece of data is of significance beyond the
measured quantity and beyond their immediate first use and can
be used as an indicator. This approach is widely used in data-rich
situations.

wn

2. The top-down approach draws from the Logical Framework
(log frame) approach, which is a programme management tool
that serves purposes in both design and monitoring within
programme cycle management. A log frame follows a generalized
structure where the goal of an intervention is structured
according to its purpose, outputs and specific activities. A
generalized log frame approach would commence with defining
an overarching goal (typically the attainment of an institutional
or organizational outcome in the real world). Recognizing the
breadth of such goals, many different interventions may be
required to attain the goal, each with a unique and clearly
defined purpose. Achieving this purpose requires interventions to
accomplish outputs, through a particular set of activities. Risks
and assumptions - those externalities that could undermine
outputs securing the purpose or the goal - need to be
internalized during design and implementation.

The Logical Framework approach, in contrast to some other
approaches that employ indicators, is essentially a ‘top-down’
approach. The starting point is the definition of a real-world

LCA: Life Cycle Analysis, GHG: Global Hydrological Gauging, IEEA: Integrated Environmental and Economic Accounting.

outcome to be attained - the goal - backed by an objectively
verifiable indicator. Action is then designed around the
interventions needed to attain the goal. The distinction between
purpose, output and activity often varies, but is a valuable step
in distinguishing between different levels of intervention. For
example, ‘reduce the number of lives lost to floods by 2010" is
most appropriate as a purpose, backed by outputs such as
‘regular cyclone warning received by national disaster
management agencies by 2005, an output for which any
number of activities may be needed.

Indicators, whether quantitative, qualitative or time-based,
are in all cases set at all levels of the log frame from goal down
to activity. Because of the diversity of starting points for action,
purposes to be attained, and types of intervention, unanimity on
universal indicators assumes much less importance at lower
levels of the Logical Framework.

Unanimity is vital, however, at the upper levels where
agreement is needed on a common goal and on how attainment
of that goal is to be measured. With goals in water having been
set at an international level, for example the Millennium
Development Goals, the indicators of these goals have become
accepted as international development targets. These targets
therefore represent a unique set of high-profile indicators.

Table 3.1 presents a draft version of the Logical Framework
of the Global Water Partnership (GWP) Framework for Action
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Table 3.1: Draft Logical Framework of the Global Water Partnership Framework for Action

Intervention logic

Goal:

Economic well-being and social
development under environmental
sustainability and regeneration
improved

FPurpose:

Global water security provided
through efficient, equitable and
sustainable management and use
of water

Outputs:
Political will to mobilize people,
and resources secured

Effective water governance
for IWRM realized

Effective water wisdom
generated

Solutions to urgent water priorities
prepared: protecting the resource,
enhancing crop productivity per
drop, improving sanitation, urban
upgrading, improved flood
management

Investment needs for water security
identified and agreed upon

Source: Based on GWP, 2000.

Targets

International development targets met, in particular:

1. The proportion of people living in extreme poverty in developing countries should be reduced by at least one-half by 2015
(Copenhagen)

2. The death rate for infants and children under the age of five years should be reduced in each country by two thirds of the 1990
level by 2015 (Cairo)

3. There should be a current national strategy for sustainable development in the process of implementation in every country by
2005, so as to ensure that current trends in the loss of environmental resources are effectively reversed at both global and
national levels by 2015 (Rio)

4. Reduce by half the number of undernourished people on the earth by 2015 (Rome).

Global water security targets achieved:
1. Comprehensive policies and strategies for IWRM in process of implementation in 75% of countries by 2005 and in all countries
by 2015

. Proportion of people not having access to hygienic sanitation facilities reduced by half by 2015

. Proportion of people not having sustainable access to adequate quantities of affordable and safe water reduced by half by 2015

. Increase water productivity for food production from rainfed and irrigate farming by 30% by 2015

. Reduce the risk from floods for 50% of the people living in floodplains by 2015

. National standards to ensure the health of freshwater ecosystems, established in all countries by 2005, and programmes to

improve the health of freshwater ecosystems implemented by 2015

1.1 Complete targets and log-frame for water security by August 2000

1.2 Regional and National Programmes for Action completed by August 2001

1.3 Programmes for Action discussed at the Bonn Conference (Dublin+10)

1.4 Programmes for Action and national targets prepared by governments before Rio+10 meeting in mid 2002

1.5 Third World Water Forum (on major water issue arising from Second World Water Forum) held in March 2003

1.6 First edition of World Water Development Report published March 2003

2.1 IWRM mainstreamed in policy and strategy implementation processes in all countries by 2005

2.2 Cooperation mechanisms between riparian states in all major river basins developed and strengthened by 2005, and shared
waters agreements formulated by 2015

2.3 The economic value of water recognized and reflected in national policies and strategies by 2005, and mechanisms
established by 2015 to facilitate full cost pricing for water services

2.4 GWP Toolbox of options for water management developed by 2001

3.1 Water Awareness initiatives instigated in all countries by August 2001

3.2 Capacity for informed decision-making at all levels and across all stakeholders increased by 2005

3.3 Investment in research on water issues increased by August 2001

3.4 Hygiene education in 80% of all schools by 2010

4.1 Programmes to tackle urgent priorities formulated, resourced and under implementation in all countries by 2005

4.2 Action programmes to protect surface and groundwater resources prepared and in process of implementation by 2003, and
defined standards achieved by 2010

4.3 Task force on food-water security reports by end 2001 and action programmes for enhancing crop per drop prepared and in
process of implementation by 2003

4.4 Action programmes for sanitation formulated and in process of implementation, and knowledge/information about good
hygiene practices made universal by 2003

45 Action programmes to integrate water needs (supply and waste) with spatial planning and social and economic needs
prepared and in process of implementation by 2003

4.6 Action programmes for flood preparedness and protection formulated and under process of implementation by 2003

5.1 Investment needs for closing the resources gaps identified and (indicative) investment plans developed in all countries by
2002

5.2 Mechanisms for mobilizing new financial resources identified and under process of implementation by 2003

5.3 Investments committed to the water domain doubled by 2005

5.4 Private sector-led International Research Foundation established by 2002

o O B W0 N

Activities:
Detailed activities will be developed as part of the continuing work to complete the framework for action.
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(2000), with indicators at goal level reflecting international
targets, the purpose reflecting the outcome of the World Water
Vision, and outputs reflecting the future products of the
Framework for Action process.

3. The systems approach completely analyses the inflows, stock
and outflows of an issue before defining indicators. It draws
from the concept of system dynamics and offers a way forward
in understanding the behaviour of the system over time. The
approach adheres to the notion that ‘all systems depend to some
degree on the resource-providing and waste-absorbing capacities
of their environment, and argues that

= most systems interact with other systems that are essential to
their viability;

= many interactions are hierarchical, with subsystems
contributing to the functioning of a system, which contributes
to the functioning of a suprasystem, and so on; and

= 'The viability of the total system depends on the viability of
many but not necessarily all of its subsystems’ (1ISD, 1999).

The systems approach has been applied in developing
sustainability indicators and relies on specific indicators dealing
with human systems (including social and individual development
and governance), support systems (including economics and
infrastructure) and natural systems (including resources and
environment). Although the approach is seen as very promising,
it is complex and often considered at a stage of development
where it still is 'too academic’ to solve real-world problems.
Similarly, the core definition of the system itself tends to be too
vague to allow development into a meaningful indicator
development exercise.

4. The cause-effect approach is the most widely used approach
to indicator development. Also considered a milestone, the
pressure-state-response (PSR} conceptual framework was first
introduced by the Organization for Economic Cooperation and
Development (OECD) in 1994. This enabled trade-offs and the
linking of environmental, economic and social indicators (OECD,
1994). Following the PSR framework of the OECD, several cause-
effect classifications have been developed:

= The Driving force-Pressure-State-Impact-Response (DPSIR)
framework was used by the European Environmental Agency
(Hettelingh et al., 1998), United Nations Environment Programme
(UNEP) (Swart and Bakkes, 1995; Bakkes et al., 1994) and the
World Resource Institute (Hammond et al., 1995).

= The Driving force-State-Response (DSR) framework of the
United Nations Commission on Sustainable Development was
used for the indicators of Agenda 21 (DPCSD, 1996).

= The Pressure-State-Impact-Response (PSIR) framework is mostly
used in the Netherlands (Hoekstra 1998; Van Harten et al.,
1995; Rotmans et al., 1994; Van Adriaanse, 1993).

= The Driving force-Pressure-State-Exposure-Effects-Action
(DPSEEA) framework is used in the burden of disease studies
of the WHO.

Although this is the most applied approach and offers a very
promising guideline for indicator development, it all too often fails to
take the entire system into consideration because of the subjectivity
involved in understanding the pressure, state and responses.
Similarly, although the policy concerns are nested within the
pressure, state and responses, the approach also appears to lack any
explicit linkage to policy in the development of indicators.

Assessment of the previous approaches in relation to indicator
development shows that a substantive effort is currently being made
to derive indicators to measure success or failure of efforts towards
sustainable development. Efforts such as developing the Genuine
Progress Indicator, or achieving IISD indicators appear to have been
initiated to provide a better measure for development than those
provided by Gross Domestic Product/Gross National Product
(GDP/GNP) and, more recently, by the Human Development Index
(HDI). These efforts aim to derive an index similar to the HDI but with
added environmental indicator/index values. Most of these efforts are
still to be recognized. Since 1997 (Rio+5), the United Nations
Development Programme (UNDP) has also been trying to integrate
environmental indicators into the broad framework of the HDI.

Several other approaches have also been initiated to assess
ecosystem integrity or health. The ecological footprint evaluation and
environmental sustainability indicators have been developed exclusively
to measure the quality of an area's environment. There are also a few
water resource indicators being developed and used. The most utilized
thus far are the fifteen basin scale indicators developed and applied by
the Water Resources Institute (WRI) in 1998.

There are several UN-agency-led initiatives that report progress
on water resource development, such as the Aquastat and FAOSTAT
initiative of FAO, and the Global Resource Information Database
(GRID) and Global International Waters Assessment (GIWA) initiatives
of UNEP. While a few of these are developed and maintained to fulfil
sectoral objectives, others try to fulfil a broader objective. WHO's
efforts to estimate global burden of disease, expressed in Disability-
Adjusted Life Years (DALY), are not limited to water-related diseases.
This indicator aims not only to measure the health status of
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populations, but also to provide an approach to analysing the cost-
effectiveness of different health interventions and, in a revised
version, the quality of the health services in member states. Initially
it was developed as a tool for use in the health sector, but with the
development of comparative risk assessment methods, it is rapidly
becoming an indicator for cross-sectoral health issues.

The most significant and inclusive initiative could prove to be
the CSD-led initiative on sustainability indicators, which aims to
report progress on the implementation of the recommendations of
Agenda 21. However, these indicators have yet to be applied. Box
3.3 lists a few major indicator development exercises which used
one of the above approaches.

Obviously, there are strengths and weaknesses to each approach. One
of the WWDR's tasks is to evaluate these and to learn from them. The
most common way forward is to clearly identify from the outset within
each approach the aim and intended uses of the indicators. All
approaches recommend that the development of indicators be based
on a thorough understanding of the system or process under
consideration and preferably on a conceptual model. More importantly,
they urge that a participatory approach be taken in order to gather
different, often contradicting, viewpoints, both to legitimize the result
and to enhance learning.

Clearly, development of indicators requires a common
understanding of the issues at hand between the UN agencies
responsible for the assessments and those information users who
have asked for the indicator-based report. Such a process
necessitates a large number of choices that unavoidably reflect the
knowledge and values of their developers (Bossel, 1999).
Involvement of the right institutions and people is therefore
essential (see the United Nations Economic Commission for Europe
[UNECE] guidelines on monitoring and assessment of transboundary
rivers, 2000).

In developing indicators for the first WWDR, the Secretariat has
tried not only to combine the four approaches reviewed, but also to
take into consideration the lessons learnt by other indicator
development efforts. The process was as inclusive as possible,
representing both information providers and users, such as
representatives of the pilot case studies, experts from the UN
agencies, scientists, representatives from major water-related non-
governmental organizations (NGOs) and a few members of the
interested public. As outlined in chapter 15 on governing water
wisely, the WWDR must provide:

decision-makers with a means to understand the importance of
water issues so as to involve them in promoting effective water
governance;

water specialists with a way to step ‘outside the water box’, so
they learn to take into account broader, social, political and
economic issues into the water equation, which would then
require

transparent and mutually communicable strategies for decision-
makers and water specialists, in such a way that both have a
clear understanding of the state of progress in terms of a global
desire to achieve water-related goals and targets through
effective implementation of policies and related actions.

Thus, an essential part of WWDR indicator development is ensuring
participation of different stakeholders, particularly the member states
involved in the WWAP process. This important element is illustrated in
box 3.4, which depicts the efforts made by the Greater Tokyo case
study in developing indicators of flood risks and water quality. The
approach taken for the development of indicators in this issue of the
WWDR can be summarized in six steps as outlined in figure 3.6.

Figure 3.6: Schematic representation of a guideline for indicator
development

1 definition of information need and vision
2 development of conceptual model and log frame

l

3 —> formulation of potential indicators

evaluation of potential indicators on the basis of:
— scientific basis

— policy relevance

— measurability

l $0cio-economic
statistics
5 comparison of potential indicators <
with data availability environmental
/\ data

L— insufficient data sufficient data

! |

6 indicator developed indicator developed
but data collection needed and calculated

This scheme shows the different steps to achieving developed and calculated indicators

from the definitions of needs.

Source: Based on Lorenz, 1999.
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Box 3.3: Overview of major indicator development efforts

Human Development Index of the United Nations
Development Programme (UNDP - 1990): a composite index,
which combines indices on gender-related development, a
gender empowerment measure and human poverty.

Human Poverty Index (HPI) of UNDP: measures the level
of deprivation in three essential elements of human life -
longevity, knowledge and decent living standards.
Indicators of Sustainable Development of the United Nations
Commission on Sustainable Development (CSD - 1997): aims at
assisting decision-makers to track progress towards sustainable
development. A total of seven water-related indicators are
drawn, based on Chapter 18 of Agenda 21.

Environmental Indicators of the Organization for Economic
Cooperation and Development (OECD - 1994): development
of key environmental indicators endorsed by OECD
Environment Ministers and the broader OECD core set of
environmental indicators.

European System of Environmental Pressure Indices (EPI):
the EPI initiative is financed by the European Commission's
Environment Directorate and aims at a comprehensive
description of the most important human activities that have a
negative impact on the environment. The EPI is based on the
Driving force-Pressure-State-Impact-Response (DPSIR) model,
and water-related indicators are included in the initiative.
Environmental Sustainability Index (ESI) and Environmental
Performance Index (EPI1): the ESI combines measures of
current conditions, pressures on those conditions, human
impacts and social response, and is a measure of overall
progress towards environmental sustainability. The ESI scores
are based on a set of twenty core ‘indicators', each of which
combines two to eight variables. The EPI permits national
comparisons of various efforts made to manage some common
policy objectives, primarily air and water quality, climate
change and ecosystem protection.

Genuine Progress Indicator (GPI): developed in 1994 as a
new measuring tool for the performance of the economy as it
actually affects people’s lives. The GPI draws from the Gross
Domestic Product (GDP) the financial transactions that are
relevant to the well-being of households and adjusts them for
aspects of the economy that the GDP ignores. Access to water
supply, sanitation and health benefits are considered in the GPI.

International Institute for Sustainable Development (11SD)
Measurement and Indicators: has conceptually defined
indicators. Pilot indicators and indices to assess sustainability
have been calculated
(http://www.iisd.org/measure/default.htm).

Ecological Footprint: developed by Earth Day Network, it
measures the amount of nature's resources that an individual,
a community or a country consumes in a given year. Water
resources is one of the core indicators in the accounting.
Capital Theory of the World Bank (Serageldin and Steer,
1994): illustrates sustainable development with four types of
capital - natural capital, human-made capital, human capital,
and social capital. For sustainable development, the total
amount of capital in a society should be non-declining at any
time. Flows between these capitals will change the amount
of each capital. Sustainability indicators should describe the
amount of each capital and the flows between capitals.

UN System Water Resource Indicator-Based Reporting
System: UN agencies are involved in publishing sectoral
indicators that provide information on the state of the world's
water. A few notable ones are those elaborated for the burden
of disease led by WHO, UNICEF and WSSCC. Other efforts
include the FAQ's publications based on FAOSTAT and Aquastat,
and UNEP's publications based on GRID statistics.

Specific Water Availability: water stress indicator based on
specific water availability, which is the water per capita that
is left after agricultural, domestic and industry uses
(Shiklomanov, 1997).

Standard Indicator: deals with water availability in a
country based on the people living in that country
(Falkenmark et al., 1989). The indicator assumes it is likely
that there will be fewer problems because of water
shortages if more water is available per capita.

Water Indicators developed by the World Resources Institute
(WRI - 1998): indicator-based assessment of watersheds and
freshwater systems on the basis of fifteen global indicators
that characterize watersheds according to their value, current
condition and vulnerability to potential degradation.

UN/ECE Task Force on Monitoring and Assessment
Guidelines (2000): development of guidelines for
monitoring and assessment that integrate indicator
development in the monitoring cycle.
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As people become more concerned with improving the
environment and more involved in the management process,
this process must be made as transparent and understandable
as possible. New water quality indicators have therefore been
developed, based on the increased and more diverse needs in
water management. In 1998, a study was conducted in the
five rivers of Greater Tokyo to develop easily understandable
indicators to monitor water quality conditions. The river
administrator proposed indicators through the Internet and
collected opinions from the public. In this study,
comprehensibility of indicators is considered important. The
study emphasized and proposed indicators based on three
aspects: recreation, biodiversity and drinking water (Source:
Kanto Regional Development Bureau, MLIT 2002).

As a countermeasure to the high flood damage in Greater
Tokyo, an easily comprehensible indicator was developed and
introduced to the public, showing the degree of flood
damage risk. The degree of safety from flood damage can be
expressed by the combination of flood frequency and
inundation level. Each of these criteria can be expressed by a
colour and a height, respectively. In the accompanying
diagram developed for Greater Tokyo, the green represents
low flood frequency, the red, high flood frequency.

(Source: Yasuda and Murase, 2002).

Step 1: Defining the information need
To define the information need it is important to distinguish possible
uses of information.

Information used for policy development;

information used for policy implementation and evaluation;
Information used for planning water resources development;
Information used for operational water management; and
Information used for communication with the public.

As outlined earlier in this chapter, the WWAP and WWDR have to
assess the success of strategic approaches to the sustainable
development, management, protection and use of freshwater resources
in achieving the goals described in Chapter 18 of Agenda 21.

In establishing indicators, the criteria must be absolutely
clear. The following six criteria are proposed in the
Greater Tokyo case study (Yasuda and Murase, 2002):

Relevance: the numerical value of an indicator
should represent the degree of ‘what should be
measured' directly.

Clarity: ambiguity and arbitrariness should be
excluded from measuring with an indicator.

Cost: the cost of the evaluation by an indicator
should be affordably low.

Continuity: availability of coherent data both in
historical and regional scope should be respected.

Comprehensibility: definition/expression of an
indicator should be intuitively/easily comprehensible
to users.

Social benefit: net social benefit that an indicator
yields, as it is applied, should be maximized.

Within this context, the aims of indicators in the WWDR are:

to provide a simple yet meaningful description of the complex
water resource phenomena and management issues as a basis
for action by decision-makers and the public;

to provide insight into problems and potentials for integrated
water resources management on a global scale;

to keep track of developments regarding the state of the water
resources and the effectiveness of the global response in
solving problems;

to assess the impact of water resources development on
economic, social, health and environmental conditions; and

to keep track of progress in meeting the set targets and goals.
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The WWDR is centred around the eleven challenge areas (chapters
5-15), each of which requires appropriate information. For each
challenge area, one UN agency or a group of agencies has taken
the lead in supervising the preparation of a position paper
describing the issues at stake. These position papers specify the
information need required in each case and have driven the
development of the appropriate indicators.

Step 2: Developing a conceptual model
A conceptual model is a verbal or visual abstraction of a part of the
world from a certain point of view. Information on the system, its
spatial and temporal scales and the cause and effect chain can be
put into the conceptual model, representing the problem to be
solved. The theory or concept that is important to a subject and that
needs to be described in the conceptual model is not an objective
fact, but depends on cultural background. In the conceptual model,
values are expressed, worldviews are at play and theories on system
functioning are developed and shared (implicitly or explicitly).
Development of a conceptual model implies that a minimum amount
of knowledge is available on the systems under consideration.
Integrated water resources management requires trade-offs
between society, economy and the environment. Therefore,
information is needed on cause-effect relationships and socio-
economic and environmental effects of policy measures. In this first
edition of the WWDR, a combination of log frame and DPSIR concept
has been chosen as a working model. In this framework, the log-frame
(as presented in table 3.1) provided a conceptual basis reflecting the
policy needs, and the DPSIR provided the cause-effect relationships
between human activity, environmental effect and societal response.
These were manifested as indicators representing driving forces,
pressure, state, impact and response (Hettelingh et al., 1998;
Hammonds et al., 1995; Swart and Bakkes, 1995; Bakkes et al., 1994).

= Driving force indicators describe the driving forces of water use,
such as those listed in chapter 1 on the world's water crisis:
poverty, population growth, urbanization, globalization, industrial
expansion, agricultural development, energy production and use,
recreation and tourism.

= Pressure indicators describe the pressure on water systems as a
result of human activities (e.g. use of natural resources,
discharges of waste).

= State indicators describe the quality/quantity change in the
‘state’ of water as a result of the pressure.

= Impact indicators describe the impacts on ecosystems, resources,
human health, social conditions, materials and amenities caused
by the change in state.

= Response indicators describe the societal response to these
changes and coping mechanisms, which are reflected in
institutions, environmental, economic and sectoral policies. The
response can be directed at different parts of the cause-effect
chain (e.g. driving force, pressure, state or impact).

To give a practical example of the use of the DPSIR framework, we
have tried to relate it to the components of the Water Poverty Index
(see table 3.2).

Step 3: Formulating potential indicators

The potential indicators are the variables that describe dominant
processes and characteristics in the conceptual model. For the WWDR,
the process adopted mostly sectoral strategies and a list of indicators
was selected for initial evaluation.

Step 4: Evaluation of potential indicators on the basis of
selection criteria

The selection criteria relate to the scientific and policy requirements
that indicators should fulfil. A list of commonly used criteria is included
in table 3.3. Certain criteria are contradictory as they are linked to
different information needs, therefore a potential indicator cannot fulfil
all of the criteria listed in the table (e.g. ‘specific for a certain stress or
effect’ and 'broadly applicable to many stressors and sites, usable in
different regions'). For the information needed, a selection of criteria
needs to be made. For example, the concentration of chlorophyll in the
water is a generally accepted and scientifically robust indicator for the
algal biomass. If communication is the major aim of the indicators, the
selection criterion 'simple, easily interpretable and appealing to society’
is more important than strong scientific robustness. This holds, for
example, for indicators developed in interaction with the local
community within the framework of the local Agenda 21.

Table 3.3 thus presents a list of the important criteria for the
WWDR indicators. In general terms, they are well established and
give meaningful and accurate information on the state or quality of
the subject and are adequately documented. The pilot case studies
have these adopted criteria and attuned them to their regional
needs and conditions.

The lead UN agencies have used this preliminary set of
indicators to establish the state of the resource and report progress
against the set targets in various challenge areas. The wish lists of
indicators have also been included, and will be developed and
included in subsequent editions of the WWDR (see table 3.4).

Step 5: Assessing data availability

The potential indicators need to be assessed with regard to
availability of data. Data have to be available in order to construct
the indicator. If the data are not available, they have to be collected.
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Table 3.2: Example of the use of the DPSIR framework on the basis of the components of the Water Poverty Index (WPI)

DPSIR

Driving force
(e.g. population density, poverty)
Pressure

State

Impact on
environment

Impact on people

Response

WPI indicator

domestic water consumption rate
agricultural water use

water use for livestock

industrial water use

surface water assessment
groundwater assessment
reliability of resources

water quality assessment
people’s use of natural resources
crop loss

% of households reporting erosion of land

access to clean water

reports of conflict over water use
access to sanitation

% of water carried by women
time spent in water collection
access to irrigation coverage
under-five mortality rate

% of households reporting illness due to water supplies

education level of population

membership in water users associations

Source: WWAP Secretariat, based on information from WPI, Sullivan et al., 2002a.

Table 3.3: Criteria for the selection of indicators

% of households receiving a pension/remittance or wage
expenditure measured by ownership of durable items

WPI component

capacity
capacity
use

use

use

use
resource
resource
resource
resource
environment
environment
environment
access
access
access
access
access
access
capacity
capacity
capacity
capacity

Scientific requirements

robust, well-founded basis in scientific knowledge

representativeness, describing the state or quality of an issue or subject,
giving significant and precise information

clearly and consistently defined, so as to be unambiguous or lend
themselves to various interpretations, or to give inconsistent results in
different situations

be developed within an agreed-upon conceptual and operational framework
quantitative expression

be sensitive insofar as a small change to be measured should result in a
measurable change in the indicator

anticipatory, early warning, capable of indicating of degradation or risk
before serious harm has occurred

stability, low natural variability in order to separate stress caused effects
from random fluctuations

specific for a certain stress or effect

broadly applicable to many stresses and sites, usable in different regions
uncertainties need to be specified

transformable (intelligent)

Policy requirements

tailored to the needs of the primary users

have ownership by users

problem has to be manageable, thus cause-effect chain of indicator has to
be known to enable tackling of the problem

having a target or threshold against which to compare or an explicit scale
ranging from undesirable states to desirable states (along with specific
weightings) in order to assess the significance of the information
recording either changes in the means recommended by policy or changes in
the development impact attributable to policy

lend itself to be linked to models, forecasting and information systems
simple, easily interpretable and appealing to society in order to ease
communication between policy makers and society

matching with national and international policy plans and indicating the
progress of policy

availability of historical data in order to show trends over time

data should be readily collectable and, thereby, lowering the technical and
collection costs

normalized to make things comparable and providing a basis for regional,
national and international comparison

Sources: Information collected from the WWDR indicator workshop; Hoon et al., 1997; Van Harten et al. 1995; De Zwart 1995; Hendriks, 1995; Swart and Bakkes, 1995; OECD, 1994; Kuik and Verbruggen, 1991; Liverman et al., 1988.
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In that case, the investment in data collection should be in balance
with the information gained by the indicator. Data on socio-economic
activities can be found in socio-economic databases and statistics.
Data on the quantity and quality of resources may be obtained from
literature, monitoring programmes, surveys and special projects.

For an integrated use of socio-economic and environmental
indicators, the data have to be converted to the appropriate spatial
level. Socio-economic statistics tend to be collected for administrative
regions and aggregated to larger spatial levels (e.g. the national
level), whereas environmental data are collected at the level of a
water body or river basin. These differences in scale complicated the
integrated use of the different indicators in the adopted framework.
More discussion on data is provided in the next section of this chapter.

Step 6: Developing indicators

In the last step the indicators are developed. If sufficient data are
available, an indicator can be calculated. If not, the data should be
collected by means of monitoring or surveys. If data collection is not
possible, new or alternative indicators will need to be considered by
returning to the step of formulating potential indicators.

It should be noted that indicator development is an ongoing
process, which requires adherence to the notion of learning by
doing. This means that a set of indicators is never definite and the
selected list of indicators is no exception. With time, the indicators
will be adapted and improved on the basis of changing information
needs, progress in policy development and scientific insights and
experiences gleaned from the use of the indicators. The countries
involved in the process of developing and proposing indicators must
have full ownership of those indicators, and not be restricted to a
preconceived list. The seven pilot case studies of this first WWDR
are a good example of the broadening of indicator horizons.
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Table 3.4: List of indicators used in the first edition of WWDR and indicators that will be developed in the future

Challenge area

Indicators used

Future indicators

Drivers

Water cycle
(chapter 4)

Promoting health
(chapter 5)

Protecting
ecosystems
(chapter 6)

Consumption: developing vs. developed world
Incidence of worms, scabies, trachoma, diarrhoea
Human Poverty Index: 5 indicators

Withdrawals: % of total annual renewable freshwater
Evapotranspiration: % used by humans

Runoff: % used by humans

Water shortages: no. of people and countries affected, no. countries

unable to supply minimum drinking water
Wetlands: % threatened

Transboundary rivers: % population dependent on Internal renewable

water resources

Polluted water: % of population exposed to pollution indicators:
coliforms, industrial substances, acid, heavy metals, ammonia,
nitrates, pesticides, sediments, salinization

Natural disasters: deaths from water-related causes, number of floods

Lifestyle indicator: summer watering of gardens, availability of
certain foods year round

Precipitation changes in north and south

Precipitation-related disasters: death and property damage
Mentions of water in international agenda, WB, GEF, WSSD
Ministerial statements mentioning water

Long-term average water resources

Global hydrological network

Country data on water resources

Water availability versus population

Mean annual precipitation

World maximum point rainfalls for different durations
World's largest groundwater systems

Groundwater use for agricultural irrigation

Annual flows to the world’s oceans

Largest rivers in the world by mean annual discharge with their loads
Countries using the largest quantities of desalinated
water and treated wastewater

Distribution of unserved people — water supply

Distribution of unserved people — sanitation

Actual and total water supply coverage, global, urban and
rural breakdown

Actual and total sanitation coverage, global, urban and rural
breakdown

Incidence of cholera in the world

Degree of river fragmentation

Terrestrial Wilderness Index

Land converted to agriculture

Area of wetland drained

Hydrological indicators (flow, etc.)

Emissions of water pollutants by sector

Compliance with water quality standards for key pollutants
Biological water quality (based on community response)
Biological assessment (perturbation from reference condition)

National and subnational indicators of major drivers

Use/yield {Yield = f(Q, variability in both space and time,
storage)}

PDSI or aridity index (moisture index)

Organic pollutants load

Biological contaminants (E. coli/thermo-tolerant coliform)
UNESCO/IAEA/IAH/ECE Groundwater Index

Water stress threshold map

Naturally occurring inorganic contaminants fluor and arsenic

Burden of water-associated diseases (expressed in DALYs)

with Comparative Risk Assessment

Fraction of the burden of ill-health resulting from nutritional
deficiencies, attributable to water scarcity impacts on food supply
Access to improved drinking water sources and extension of piped
water supply

Investment in drinking water supply and sanitation

Percentage of Health Impact Assessments (HIA) of water resources
development and compliance with HIA recommendations

Uptake of strategies/legislation uptake for environmental protection
Reporting procedures in place at national level

Sites/species afforded protection by legislation

Restoration schemes

Formation and empowerment of regulatory or other institutions
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Table 3.4: continued

Challenge area

Indicators used

Future indicators

Protecting
ecosystems
(chapter 6... cont'd)

tors Mark the Way

Water and cities
(chapter 7)

ica

Ind

Progress

igning

wn

Securing the food
supply
(chapter 8)

Industry
(chapter 9)

e Numbers or presence/absence of non-native (alien) species

o Levels of endemism

o Rapid Biodiversity Inventory — Conservation International/Field
Museum AquaRAP

Numbers/proportion of threatened species (critically endangered)
Living Planet Index

Commercial or other fisheries catch

Food production trends

Megacities around the world

Proportion of urban populations with access to ‘improved’
water supply and sanitation

Water supply: access to ‘improved” water supply — %, type
by %; house connection, yard tap, public tap, unserved
Water supply cost per litre

Water supply: unaccounted for water — % of distribution
input, community-supported upgrading programmes:
numbers of people/households in programme

water metre tariff (punitive structure aimed at reducing undue
consumption), % of water recycled, type of water source
(groundwater, river, mix, etc.)

Industry and commercial: m3 per day

Child mortality rates: deaths per 1,000 live births

Children < 5 years: diarrhoeal diseases linked to inadequate
water and sanitation

Sanitation: access to ‘improved’ sanitation — %, sanitation:
sewer connections — %, solid waste collection — %

Water source (river) distance from demand centre: % > 8 km,
inter-basin transfer: %

Water impounding reservoirs (dams): supply volume m?3 per year

Average food price (whole world)

Average per capita food consumption (whole world and regions)
Lending for irrigation and drainage (whole world)

Area equipped for irrigation vs. total arable land by country
Irrigated area (regions)

Agricultural water use by country

Number of chronically hungry people by country

Average grain yields (whole world)

Avrea of arable land (whole world)

Cropping intensity (whole world)

Consumption of livestock products (regions)

Fish consumption (marine, inland and aquaculture, whole world)
Water used for irrigation (net and gross, whole world)

Economic value (in US$) obtained annually by industry per
cubic metre of water used

Competing water uses for main income groups of countries
Contribution of main industrial sectors to BOD production
in high income OECD countries and in low income countries
Industrial water efficiency

Water consumption levels: Domestic: litres per capita per day (Ipcpd),

Regional and country level breakdown of values
Access to ‘safe, sufficient” water supply — %
Access to ‘safe, convenient” sanitation — %
Urban ecological footprint

Water used for irrigation (net and gross, groundwater and surface

water), informal (supplemental, spate, local water harvesting),
surface irrigation, sprinkler irrigation, drip irrigation

Productivity: $ or vol./m?, efficiency, jobs per drop

Proportion of crops marketed at government controlled prices

Agricultural subsidies

Breakdown of food consumption broken down into cereals, oil crops,

livestock and fish

Total investment (private, state, development agencies) in irrigation

and drainage

Food imports/exports between regions

Industrial use of water per capita by total developed water
per capita

Reuse/recycling

Pollution from industry
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Table 3.4: continued

Challenge area

Indicators used

Future indicators

Energy
(chapter 10)

Risks
(chapter 11)

Sharing water
(chapter 12)

Valuing water
(chapter 13)

Distribution of households with access to electricity in
forty-three developing countries

World's electricity production

Deployment of hydropower

Installed hyrdocapacity

List of severe natural disasters since 1994

e Major drought events and their consequences in the last century
Trends in causes of food emergencies, 1981-99

Trends in great natural catastrophes

e Basins of high/medium water stress (abstraction as

proportion of river flow)

Dependence of country’s water resources on inflow from
neighbouring countries (inflow as ratio of total water availability)
Number of international basins

Number of treaties/cooperative events for international rivers
Shared aquifers — number/resource volume/conflicts relating to
changes that might suggest international basins where there is a
requirement for greater cooperation. Indicators of these types of
changes are:

1. Newly internationalized basins

2. Basins with unilateral projects and lack of institutional capacity

(treaties/bodies/positive relations)
3. International basins where non-water related hostility exists
between states

* Annual investment in water for agriculture, water supply
and sanitation and environment and industry

Sources of investment funds

Annual investment in urban and rural sanitation

Level of cost recovery for water supplies for agriculture
Level of cost recovery for urban water supplies

Price of water from municipal water supply systems
Comparison of the price of water from the public utilities
and informal water vendors

Efficiency/Productivity (output per m3)

o Use of water in thermal towers and competition with other uses
e Access to electricity rural and urban coverage for the whole world
e Per unit cost of renewable and non-renewable energy sources

e |osses — country and basin level data, by region and globally, in
human life (number/yr), in real and relative social and economic values
(total losses, % of GNP, growth, investments and development benefits)

® Population exposed to water-related risk (number of people/yr,
income groups)

o QOther than water-related risks (% of losses from seismic, fire,
industrial and civil stability risk)

e Number of people living with 100—year flood. Vulnerability map based
on the proportion of land within 1 km of river with slope of less than
1 degree

® Legal and institutional provisions for risk-based management
(established/not established)

e Budget allocation for water risk mitigation (total and % of total
budgets/yr)

e Risk reduction in flood plains (% of total flood plain populations)

e Risk reduction and preparedness action plans formulated
(% of total number of countries)

e Risk-based resource allocation (country, international organizations,
[yes/no))

e Demand changes (sectoral) and distribution
e Mechanisms for sharing within country (allocations/priorities)
both routinely and at times of resource shortage
¢ Proportion of water use by industry, agriculture and domestic sector
o Existence of law for judicious distribution of water
e Water Policy accounts and statements

 Price of water charged to farmers for irrigation
o Average price of water in rural water supply systems
e Sewerage charges
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Table 3.4: continued

Challenge area

Indicators used

Future indicators

Ensuring knowledge
(chapter 14)

Governing wisely
(chapter 15)

Gross primary school enrolment

Illiteracy rate

Density hydrological monitoring stations worldwide, by region
Research and Development expenditure for selected countries
Number of television sets and radio receivers per 1,000 people
Number of telephone lines per head

Expenditure on ICT

Number of hydrological monitoring stations, by World
Meteorological Organization (WMO) regions

Existence of institutions (water resources authorities) responsible
for management (including issuing abstraction and discharge
licences), which are independent of water users. Percentage of
land area covered by such institutions. Number of water authorities

No. of water resource institutions

No. of water resource scientists

Newspaper circulation, per 1,000 inhabitants

Water topics in school curriculum

Number of web sites with available water resource countries
information

Water quality in rivers, lakes etc.

Numbers of instances when water service providers experience a raw
water shortage

Existence of legislation advocating Dublin principles

and average area covered by each

minimum river water quality targets
Existence of defined water rights

Existence of water quality standards, for effluent discharges,

Institutional strengthening and reform (post-1992)

Defined roles of government (central and local)

Existence of participatory framework and operational guidelines
Private sector involvement and stakeholders’ responsibility
established and implemented

® Asset ownership properly defined

e Financial commitment for IWRM adoption

L]

This list of indicators gives only major indicators used in the report. An appropriate database system is being developed under the guidance of the Data Advisory Committee. Similarly, efforts are

already underway to further develop ‘proto-indicators’.

Observational Challenges for
Indicator Development

After decades of intensive experimental and modelling studies, our
understanding of hydrology at the local scale is arguably well in
hand. In contrast, knowledge of the complex function of drainage
basins, especially in relation to anthropogenic challenges, is far less
developed. The indicators developed for the WWDR must be able to
track the sources, transport, and fates of water as well as
waterborne constituents through large heterogeneous watersheds.
On the one hand, there is the challenge of quantifying elements of
the land-based hydrological cycle and moving progressively towards
these larger scales; on the other hand, the dynamism associated
with human-water interactions are all too often difficult to
understand. The former has been the focus of major international
observational and scientific coordinating programmes (e.g. WMO-
HYCOS, Coordinated Enhanced Observing Period [CEOP], Committee
on Earth Observation Satellites [CEOS], Global Terrestrial Network on
Hydrology [GTN-H], UNESCO-HELP [Hydrology, Environment, Life and
Policy]), but for the latter there are only a few monitoring systems
in place (CSD process through inputs from the United Nations
Administrative Committee on Coordination Subcommittee on Water

Resources [UN ACC/SCWR] now reconstituted as UN-Water, GWP,
World Water Council [WWC]). Similarly, while the deteriorating state
of current monitoring networks has been noted in the former case,
a substantial build-up is also required to make them capable of
capturing the system’'s dynamism. In both, substantial improvements
are needed to overcome the observational challenges.

Hydrologic information base

The need for hydrologic information that can be used to develop
indicators has never been more timely. With the advent of high
quality biophysical data sets, including those from remote sensing
and operational weather forecasts, the scientific community is
rapidly approaching a situation in which the hydrological cycle can
be monitored over large regions and in near-real time. Paradoxically,
the trend of reduction in stations that routinely monitor
hydrographic variables may greatly limit the usefulness of these
emerging high technology tools, since they ultimately require
calibration against known ground-based standards in order to prove
their reliability.

Our ability to monitor the terrestrial water cycle using traditional
discharge-gauging stations - the mainstay of water resource
assessment - continues to deteriorate rapidly across much of the
world. A time series plot (made in 1999 but little different today)
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showing global station holdings from the WMO Global Runoff Data
Centre (GRDC) and earlier UNESCO hydrologic data banks amply
demonstrates the difficulty at hand. Declines can be found all over
the world, even in otherwise well-monitored countries such as the
United States and Canada. Marked declines are most dramatic in the
developing world. Insofar as these regions are, by their very nature,
subject to the direct and immediate effects of rapid anthropogenic
change, it is of great concern that the infrastructure to adequately
monitor water resources is substantially lacking. A major effort will be
required to rehabilitate these atrophied monitoring systems. Without a
sustained international commitment to baseline monitoring, WWAP's
indicator development will suffer a major setback.

Several factors contribute to the loss of hydrologic reporting (Ad
Hoc Group on Global Water Data Sets, 2001; NRC, 1999; Kanciruk,
1997). Data collection is now highly project-oriented, yielding poorly
integrated time series of short duration, restricted spatial coverage,
and limited availability. In addition, there has been a legal assault on
the open access to basic hydrometeorological data sets, aided in large
measure by commercialization and fears surrounding the piracy of
intellectual property. Delays in data reduction and release (up to
several years in some places) are also prevalent.

Ironically, global analysis of hydraulic engineering is limited by
a shortage of water data. Existing dam registries give no
information on river discharge, either into or out of impoundments.
The registries also fail to give complete information on storage
volumes and area. Relationships linking water level to surface area
and volume are not supplied, yet such information is essential for
computing accurate impoundment residence times and in predicting
hydrograph distortion. The volume of groundwater seepage loss is
also not documented, even for the largest reservoirs, and the
hydrology of millions of farm ponds and rice paddies is, at best,
educated guesswork.

A critical requirement for water resource assessment across all scales
includes a broad set of socio-economic variables to help quantify the
utilization of water. The conjunction of these variables can produce
two fundamental quantities, that is, the rate of water withdrawal
and/or consumption which can then be compared to water supply.
This comparison produces the important indicator of relative water
use, which is a measure of the capacity of the water resource
system to provide services to a community of local and regional
users. However, the situations are not that simple to observe. Ethno-
engineering solutions to water conveyance in the Gilgit area of
Pakistan and in arid Egypt have proved common understanding of
hydraulics to be wrong. Similarly, while the total contribution of
people’s participation may have been guessed at and accounted for,
calculating losses due to declining sources of traditional wisdom have

never been attempted. Such issues are important and need to be
captured in indicators, and were visible even in the pilot-case-study
countries where the national governments worked with the WWAP
secretariat to produce reports.

These are some of the problems that WWAP has had to confront.
There has been a steady realization that these challenges must be
examined as part of an integrated set of problems, where everything
is linked to everything else (though some links are of greater
strategic importance than others). While the combination of DPSIR
and policy-driven log frames (upon endorsement of lead UN
agencies) can structure the desired indicators, this process must be
looked upon as switching on the engine before putting the car in
gear and placing one's foot on the pedals. There is a whole chain of
required actions: identification and development of global water data
sets, in-country capacity-building and technology transfer, statistical
analysis, modelling, data interpretation, comparative trend analysis,
and rapid data dissemination. Although in this report a large number
of indicators have been presented, the longer-term aim of the
WWDR is to present most indicators in a geospatial format.

The previous section introduced the approach adopted in developing
indicators both used and proposed through the WWDR process. In
this section, some of their major limitations are highlighted.

Scale is an important aspect in indicator development and use. This
paragraph discusses four issues of scale. Firstly, indicators are often
targeted to a certain spatial scale. As the information needs may
differ at local, regional and global levels, indicators developed for a
certain spatial scale may not be useful for another. For instance,
data for an indicator at a high spatial level cannot always be
obtained by aggregating the data of a lower spatial level. This
hampers the calculation of indicator values on the global level. For
example, the WHO/UNICEF Joint Monitoring Programme (JMP)
publicizes indicator values on water supply and sanitation at a
global scale as the percentage of people with access to improved
drinking water resources and access to improved sanitation facilities
(see table 3.5 for a selection of countries). The aim of the indicator
is to compare water supply and sanitation over the world. The
information need at the regional level, however, will be different; at
that scale the distribution of access over the regions or the type of
technology in a certain region are more interesting factors. The
regional data can only be aggregated to a national indicator value if
the indicators and data collection are the same between the
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Table 3.5: Sample of indicator values per country on water supply and sanitation

% of population with access to improved
drinking water sources in the year 2000

Total Urban
Afghanistan 13 19
Algeria 94 88
American Samoa 100 100
Andorra 100 100
Angola 38 34
Argentina 79 85
Australia 100 100
Austria 100 100

Source: WHO/UNICEF, 2000.

different regions of a country, one of the challenges the JMP is
working on.

The problem of different information needs hinders the use of
available regional data for comparison at a global scale, such as in
the WWDR. A second example is GNP, which is an indicator for
economic activity measuring the total monetary value of all final
goods and services produced for consumption in society during a
particular time period. GNP as an average national number is not
representative of regional variations between communities within a
country. However, although GNP is useful to compare the economic
activity between different countries at a global scale, it cannot be
directly related to welfare as in large countries there may be great
internal variations, in most cases, however, certainly when
considering health, the economic indicators go hand-in-hand with
welfare (rural poverty normally equals rural ill-health). Recent
studies have shown that if economic indicators are linked to societal

% of population with access to improved
sanitation facilities in the year 2000

Rural Total Urban Rural
1" 12 25 8
94 73 90 47

100 - - -
100 100 100 100
40 44 70 30
30 85 89 48
100 100 100 100
100 100 100 100

equity indicators, the association between economy and welfare
becomes much more solid. However, the welfare aspects (e.g.
health, education, security, environmental quality) cannot be
directly related to the GNP of a country. In table 3.6 an overview is
given of a number of indicators, their aim and the correct spatial
scale of their use.

A second important issue is selecting the optimal spatial scale to
aggregate and present the values of the indicator or index. This
scale depends on the information need and aim of the indicator.
Figure 3.7 shows how the spatial scale modifies the information
provided by an indicator. The Water Stress Index (WSI) calculates the
percentage of water demand that cannot be satisfied without taking
measures. The figure's four spatial scales present different scores of
the Water Stress Index for almost each part of the world. For
example, Brazil scores white (WSI 0-25 percent) on a grid cell scale,
mostly yellow on a watershed scale (WSI 25-50 percent), white on

Table 3.6: Overview of a number of indicators, their aims and the correct spatial scale of their use

Indicator
Gross National Product

Information provided
Economic activity per country

% of water demand that

cannot be satisfied without taking
measures

Index based on five components:
resource availability, access to

water, capacity of people to

manage water, use of water,
environment

Presence or abundance of the species

Water Stress Index

Water Poverty Index

Indicator species

Aim

Comparison of economic activity
between countries

Indication of areas suffering from
water stress

Providing information on water and
poverty-related issues

Indication of the ecosystem quality

Spatial scale
Global

Low spatial scale: grid cell or
watershed

Different scales possible depending
on the aim: communities and regions
for comparison within a country or
countries for comparison on a global
scale

The scale of one ecosystem or
comparable ecosystems located in the
same climate range




Figure 3.7: Values of the Water Stress Index (WSI) presented on four different spatial scales: country, grid cell, regional and watershed

WSI country scale WSl grid cell scale (0.5%0.5 degree)

0-25 25-50 50-75  >75 %

WSl regional scale WSI watershed scale

0-25 25-50  50-75 >75 %

The grid cell is the optimal and most reliable scale to point out water-stressed areas. Comparison of the four different types of spatial scales used in the above maps shows that
aggregation of the Water Stress Index on a large scale leads to information loss.

Source: Second World Water Forum, 2000.
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a country scale and orange on a regional scale (WSI 50-75
percent). The hot spot of red colour (WSI »75 percent) in the West
Coast of the United States in the figure on grid cell scale has turned
into an orange colour in the figures on country and regional scales.
Comparison of the four spatial scales leads to the conclusion that
large-scale aggregations of the WSI result in too much information
loss. The grid cell is the optimal scale to detect the areas of water
stress in the world because it allows more detailed data to be
shown rather than grouping all data together to produce an
average.

Thirdly, selection of the right temporal scale is important for
indicator aggregation and presentation as well. For example, the
availability of water depends strongly on the seasons. A mean value
calculated over one year can hide a shortage of water in dry periods
and floods during wet times. In this case a seasonal-based mean or
a minimum and maximum value over a year will provide more
relevant information. The temporal scale of an indicator is also
dependent on the point in time and the period of data collection.
For example, water-quality monitoring is often based on a
measurement frequency of once a month. Consequently,
information on the minimum oxygen concentration in a water body
will not be provided accurately by this measurement frequency. The
minimum oxygen level is however important for the survival and
development of aquatic fauna.

The last scale-related discussion point is the level of
aggregation of the data. During the process of indicator or index
development a trade-off has to be made between aggregation
versus loss of detail. Which trade-off is made in a certain situation
depends on the aim, the user, the system under consideration,
knowledge of the system, data availability and the available
financial resources. Too much detail can even lead to information
loss, as the overall picture fades and becomes less clear. The initial
selection of indicators is scientifically based, but if the need is
policy-driven, a trade-off between scientific completeness and
simplification for management will be inevitable.

Figure 3.8 provides an interesting example (EEA, 2001) based
on an extensive knowledge and information base encompassing
different institutes and scientists in countries bordering the Rhine
River. Scientists have carried out studies in different regions on
various time scales, looking into patterns, trends and data
distribution profiles in order to understand and monitor the
processes taking place. Other scientists are undoubtedly interested
in the detailed information and in data interpretation. All this
information has been aggregated into just two indicators,
representing the entire river basin, completely discarding spatial
features. The figure provides, however, a clear message to
decision-makers and the public: oxygen content and biodiversity
were poor in the 1970s, but have greatly improved since. Scientists

have responsibility to ensure that the conclusions drawn from the
figure are correct, despite the simplifications and need to provide
additional information (e.g. benchmarks) which enable both decision-
makers and the public to classify the present condition in terms of
'good’, 'acceptable 'or ‘poor’. In general, the search for the right
balance between the policy aim of indicators and their scientific
foundation requires an ongoing dialogue between scientists and
policy-makers in order to improve and focus the indicator set. Proper
documentation of the aggregation procedure and the original data
enables retrospective testing, verification of the approach and
increased transparency. While aggregation aims to reduce
multidimensional information to a single dimension, visualization may
present multidimensional information at a glance. Depending on
what is to be visualized a specific design can be chosen (e.g. tables,
diagrams, line charts and maps). Visualization techniques offer
powerful means for knowledge transfer and communication.

It is essential to note that scale is a critical issue but it is very
much linked to the issue of boundaries. Discrepancies between
natural and administrative boundaries make indicator interpretation
difficult, especially since rivers may often serve as administrative
boundaries between countries or between provinces/states within
countries. So collecting water-associated data in two administrative
areas separated by a river often covers up the impact of the aquatic
environment on health and risks, unless the data collected are
segregated for respective distances from the river.

Figure 3.8: A time series of the oxygen concentration and living organisms
in the Rhine River since 1900

Number of species Oxygen concentration %
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This figure provides a clear message to policy-makers and to the public. Although
oxygen content and biodiversity were poor in the 1970s, they have since then
strongly improved. This conclusion has been drawn from extensive data, which were
then aggregated into easily understandable indicators.

Source: EEA, 2001.
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A related issue is the visual presentation of indicators to users. With
a wide spectrum of users foreseen, calculated indicators must be
presented as simply as possible while retaining their scientific rigour.
In order to achieve this objective, offset the scale and aggregation
problems and respect spatial variability in socio-economic and
hydrological situations, WWAP is working towards presentation of
indicators using geospatial tools. Although the difficulties treated
above have a practical implication for water resource assessments at
regional, continental, and global scales, existing monitoring
mechanisms can be aligned to produce basic datasets to calculate
various indicators.

WWAP has noted these concerns and has already undertaken,
on a pilot basis, spatial representation of a set of water resource
data from Africa. The Data Synthesis System (DSS) for Africa is an
operational, digital information system for water resource
assessment cast within a geographic information system framework
accessible via the World Wide Web. The system includes a broad
suite of spatial and statistical data encompassing point scale and
gridded socio-economic and biogeophysical products for data
exploration and download. This data is organized according to water
indicator themes and is presented in the spatial context of the river
basin to analyse the changing nature of water in relation to human
needs and activities at the global, regional and case study scales.
Figures 3.9 and 3.10 provide examples of how indicators are being
synthesized and presented for the Nile basin.

Indicator time series show trends, which may provide information on
the system's functioning or its response to management practices.
The availability of extended time series can provide information on
conditions throughout history, which could be used to derive a
historically based reference condition. A comparison in time requires
consistency in data collection and indicator construction. Changing
indicators and data collection resulting from changing information
needs means disruption of time series. While upgrading is
necessary, it is a balance between better information to be gained
at that moment or information gained on trends from extended time
series of data (being less than perfect). For example, in figure 3.8
the number of species and the distribution over the species groups
between 1900 and 1920 could be used as a historical reference,
showing that the present number of species is approaching the
historical reference.

Indicators can voluntarily misinform or involuntarily be misinterpreted
due to subjective elements inside the indicator or index, inadequate
definition of the indicator, mathematical problems in the process of

aggregation or the use of unreliable data.

Aggregating a number of indicators to one index involves the
various steps of selection, scaling (transforming indicators into
dimensionless measures), weighting (valuation), aggregation and
presentation. These steps will require some combination of expert
judgement, multicriteria analysis, public opinion polls, value-based
decisions and modelling experiments. As they are greatly
dependent on subjective perceptions and subject to change,
these steps must be taken with caution. To avoid the problem of
misinformation and misinterpretation, a clear description of the
subjective elements in the indicators and indices should be given,
such as the reference condition, the measuring rod, the
weighting factors and the aggregation method.

Indicators can also misinform due to imprecise description, and it
is therefore necessary to have a mechanism for cross-referencing
and validating them. It may be useful for a proposed indicator to
be broad enough to allow it to be deconstructed to its root
variables so that distortions, if any, can be properly traced.

In most cases, the mean or median of a dataset has to be
calculated in some step of the aggregation process. The
distribution of data underlying the indicator or index may be very
complex, that is, may contain outlying observations, have a
heavy tailing or otherwise be heavily skewed, or be multimodal
in nature. The straightforward calculation of mean or median
may be misleading in such cases - expert judgement and proper
documentation are required.

A fourth possibility of misinformation by indicators is the use of
unreliable data. If the data collection or processing has been
carried out in an inadequate manner, the indicators based on
these data can provide wrong information. Measuring hydrological
and environmental variables needs to be conducted applying the
principles of quality assurance in the field (sampling, field
measurements) and in laboratories. Methodology needs to be
well validated, taking into consideration aspects such as suitability
of purpose (are the performance characteristics, e.g.
measurement uncertainty, suitable for the objectives at hand),
robustness and traceability. Also the collection of socio-economic
statistics needs to be quality assured (e.g. getting a
representative random sample, asking the right questions in a
survey). Most indicator reports do not provide detailed
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Figure 3.9: Nile basin map showing climatic moisture index

1 |

The method of Willmott and Feddema (1992) was applied relating potential
evaporation (PET) to precipitation (PPT) to generate a mapping of relative
water scarcity from a climatic perspective. Climatic Moisture Index is
calculated as follows:

If PPT < PET then CMI = PPT/PET - 1
If PPT > PET then CMI = 1 - PET/PPT
If PPT = PET then CMI = 0

Negative values (shown in red on map) depict areas where the ecological
demand for water (PET) exceeds the amount of available water in the form
of precipitation (PPT). Positive values (shown in blue on map) depict areas
where the amount of available water in the form of precipitation (PPT) is
sufficient to meet the ecological demand for water (PET).

Source: Data Synthesis System for World Water Resources, UNESCO/IHP Contribution to the World
Water Assessment Programme (WWAP), University of New Hampshire/UNESCO, 2002.

Figure 3.10: Nile basin map showing indicator on people with drought
stress threshold

Thousands of people above (red) and below (blue) the 0.4 Demand per
Discharge Stress Threshold for 30-year recurrence drought.

These two figures provide examples of how indicators are being
synthesized and presented.
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information on the quality of data. Reliable information is,
however, necessary for proper assessment, especially when far-
reaching decisions have to be made on the basis of indicators.

The dependence of indicator development on data can lead to the
situation in which data availability drives the selection of indicators,
which, in turn, reinforces the collection of the same data. Water quality
monitoring systems have in the past been an example of the ‘data-rich,
but information-poor syndrome’, in which plenty of data are produced
but not tailored to information needs (Ward et al., 1986). Comparison
with data availability may lead to modifying the indicator set, but
should also feedback to more precise specification of data needs with
more efficient design of monitoring programmes. An important element
of the latter is coordinating socio-economic and environmental data
collection and harmonizing associated spatial and temporal scales.
Developing indicators and measuring them by monitoring programmes is
a continuous, dynamic process, as information needs and measurement
techniques can change over time (Cofino, 1995). Our efforts thus far
have provided us with the following critical observations.

Although efforts have been made, the adoption of earth systems
modelling data into water resource assessment has been slow.
The usefulness of doing so is nicely exemplified by studies aimed
at understanding the impact of greenhouse warming on regional
water systems.

The capacity of the earth systems science community to generate
data sets from high technology observing systems and modelling
is enormous and growing. These products emerge as either
remote sensing data sets or value-added products from climate,
numerical weather prediction, or ecosystem simulations. It has
been estimated that by 2010 the constellation of forty-five major
planned satellite systems will provide 52 billion remotely sensed
observations per day of the continental land mass, oceans, and
atmosphere, up four orders of magnitude from year 2000 (Lord,
2001). Major efforts need to be initiated to effectively ‘drink from
the fire hose' in order to sensibly exploit information contained in
these data streams. Collectively, these represent an enormously
important contribution to the water resources community, a
contribution that has yet to be productively tapped.

With the recent advent of these spatially discrete and high-
resolution earth systems data sets, the community finds itself
poised to assemble a truly global picture of progressive changes
to inland water systems and a potential means to monitor water
availability worldwide. These newly developed digital products
are often global in domain, are spatially and temporally coherent,

and provide a consistent, political ‘boundary-free’ view of major
elements defining the terrestrial water cycle. The UN agencies
have already constituted an expert panel to assess the relevancy
of all such potentially useful data sets. In the next phase,
merging these data resources into integrated water assessment
frameworks will pose a central challenge for WWAP.

A coherent view of the contemporary state of global water
resources will be impossible without @ more fruitful interchange
between the physical science and socio-economic communities
(Young et al., 1994). The review in earlier sections of this
chapter point to the explicit need for a common language in
order to bridge the conceptual and practical gaps now separating
these disciplines. Indeed, a more interdisciplinary approach is
required, merging knowledge gained from years of case study
experience with a growing technical capacity to monitor the
changing state of the global hydrosphere. A systematic
assessment of required data sets and a formal programme to
collect this information worldwide is critically needed.

There is a fundamental need to more fully document the role
that humans play in the terrestrial water cycle. The science of
hydrology is distinct from engineering hydraulics, but in some
sense drainage basin dynamics are now more closely tied to the
character of water engineering than to the behaviour of natural
fluvial systems, at least in heavily managed part of the world.
The important, yet crude, back-of-the-envelope calculation of
Postel et al. (1996) showing a 54 percent control of the 35
percent of global runoff to which we have access is surely an
understatement for many regions of the world. Humans are now
an intrinsic part of the water cycle and strongly determine the
availability of water resources. Feedbacks to the atmosphere and
changes in runoff associated with widespread land conversion
and management also are critical. At the same time that their
influence on water supplies will grow, humans will increasingly
be placed into competition for scarce water supplies and exposed
to flood and drought, pollution, public health problems and
economic stress, many such problems of our own making.

The continental and global scales are also an important organizing
framework, testing the capacity of state-of-the-art monitoring
technologies to gain a synoptic view of the state of the terrestrial
hydrosphere. A move towards a near real-time and operational
capacity is sought. This capacity is important since the condition
of water availability - from drought through flood - changes so
rapidly. Not only is this important for preparedness in the face of
weather-related vulnerability but also for securing a more accurate
picture of the temporal and spatial aspects of chronic water stress.
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Box 3.5: Achievements

The following methodological sketch has been agreed upon
to further develop the indicators used and reported by UN
agencies across the different chapters and case studies:

= Data and databases are important aspects of the
exercise. For this, a conceptual framework on data
collection and metadata preparation has been agreed
upon, and major databases have been identified.

= The role of member countries in the process has been
duly recognized. There is an understanding that the

= A logical coupling of global-regional-local scale is @ must. While
the effort of the WWDR will focus on presenting a global
outlook, such understanding will build upwards from critical
testing of methodologies at the regional and local scale first.

= World Wide Web-based technologies (including modelling, GIS,
World Wide Web and metadata search engines) are essential to
the provision of timely biogeophysical data. At the behest of
UN agencies involved in WWAP's Data Advisory Committee,
the programme has already received guidance on the way
forward in terms of how these technologies may be used for
data management.

Much work is therefore required to collect and prepare the
biogeophysical and socio-economic data sets for use in future water
resource assessments. In addition to the geography of water supply,
issues of economic and technological capacity to provide water
services, along with population growth, levels of environmental
protection and health services, investment in water infrastructure,
including irrigation and other hydraulic engineering works, must be
included in future such analyses.

Conclusions

Indicators are thus vital instruments for the assessments embodied in
the WWDR. The publication of this first edition is just the beginning
of a long-term effort to develop a comprehensive set of indicators
and their ‘'most friendly' presentation. In the years to come, we will
be building upon the material presented in this chapter. We will have
to improve the indicator development process (see box. 3.5) and

indicators will have the participation and thus the
ownership of involved countries and UN system
agencies.

= Based on the conceptual framework on information
network efforts for data improvement, activities have
been devised for implementation.

= Indicator development will be an inclusive exercise in
which other major efforts will play a role in
methodological refinement. WWAP will simply be taking a
lead in the exercise.

involve more stakeholders from wider cultural backgrounds. Indicators
identified and used in this report must be qualified using both
scientific and political processes. While the scientific issues underlined
in this chapter would have to be carefully taken into consideration,
the more important point is to offer a suitable platform for the
member states to become more involved in developing the scientific
basis and the resulting indicators. It is essential that both the
conceptual framework for indicator development and data gathering
be subject to further scrutiny. We look forward to being able to
demonstrate the progress that has been achieved in the second
edition of the World Water Development Report.
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We all depend on the same vital element:
water. Diverse by its very nature, it is solid,
vapour and liquid; it is in the air, on the
Earth's surface and within its ground -
ever-changing, and giving shape to a dramatic
range of natural ecosystems.

For the Earth's inhabitants, diversity of the
resource also means great disparities in well-
being and development. As we degrade the
quality of our water and modify the natural
ecosystems on which people and life depend,
we also threaten our own survival.

Before we further explore the complex
relationship linking water and people, this
part provides a brief look at the current state
of the finite but dynamic and wonderful

resource that is freshwater.
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The Koran (Sura 21:30)

ATER IS THE MOST WIDELY OCCURRING SUBSTANCE on this

planet. Globally distributed by the hydrological cycle, driven

by the energy cycle, the circulation of water powers most of
the other natural cycles and conditions the weather and climate. Water
has shaped the Earth's evolution (Dooge, 1983) and continues to fashion
its progress, in marked contrast to those bodies in the solar system
without water. While the greater part of the water within the Earth's
hydrological cycle is saline, it is the lesser volume of freshwater within
the land-based phase which provides a catalyst for civilization. This is
the water precipitated from the atmosphere onto land, where it may be
stored in liquid or solid form, and can move laterally and vertically and
between one phase and another, by evaporation, condensation, freezing
and thawing. On the land surface, this water can travel at widely
differing velocities usually by predictable pathways (Young et al., 1994)
which can slowly change with time. These pathways combine to form
stream networks and rivers within river basins, the water flowing by
gravity from the headwaters to the sea. Some basins, such as the
Amazon, are massive, others minute. Depending on the nature of the
geology, soils and land cover within the basin, a varying proportion of
this water may infiltrate to recharge the underlying aquifers, some

recharge re-emerging later to sustain river flows.
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This groundwater combined with surface water forms the world’s
freshwater resource; renewable but also finite and vital not only to
human systems but also to the terrestrial environment.

The existence of springs and other sources of water have played
a major role in determining human settlement. Rivers and lakes
provided routes for transport of goods and people, later supplemented
by canals. Falling water provided and continues to provide power for
industry. Today, water is employed for a wide variety of different

The Natural Water Cycle

purposes: desalination, recycling and reuse of wastewater, rainwater
harvesting and similar non-conventional methods provide or add to the
resource in certain localities. The value of water, its cost, competition
between different uses including its cultural and aesthetic aspects, all

add further dimensions to the consideration of water resources.
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TUDIES OF THE WORLD WATER BALANCE commenced in the late nineteenth century, and examples of these and

later studies are listed by Lvovitch (1970) and Baumgartner and Reichel (1970). Korzun (1978) and more recently

Shiklomanov (forthcoming) refined estimates of the global budget and its regional variations. Table 4.1 shows
the approximate volumes for the globe in the different phases of the hydrological cycle, the annual volumes recycled

with their average replacement periods. This table highlights the enormous disparity between the huge volume of
saltwater and the tiny fraction of freshwater and, in addition, the long residence time of polar ice and groundwater, as
opposed to the brief period for which water remains in the atmosphere. Some 96.5 percent of the total volume of the

world’s water is estimated to exist in the oceans and only 2.5 percent as freshwater, but these and similar estimates lack
precision. Nearly 70 percent of this freshwater is considered to occur in the ice sheets and glaciers in the Antarctic,
Greenland and in mountainous areas, while a little less than 30 percent is calculated to be stored as groundwater in the

world’s aquifers. Again there is the disparity between these large volumes and the much smaller estimated volumes of
water stored in rivers, lakes and reservoirs and in the soil, together with the water in plants and the atmosphere.

Measuring Water Resources

Even more important are the wide variations in the distribution of
water in time and space across the globe and the problems such
variations pose for the reliability of assessments of water resources.
These assessments depend largely on hydrological data obtained from
measurements made by ground-based networks of instruments and
surveys, from sensors in satellites and from a number of other
sources. These assessments are essential prerequisites for successful
water resource development and management (WMO/UNESCO, 1997).
Although hydrological measurements have been made in Egypt
and China for several thousand years, networks of hydrological
instruments, as we know them, were started in Europe and North
America in the eighteenth and nineteenth centuries. Today, most
national networks consist of stations where variables such as
precipitation, evaporation, soil moisture, ice, sediment, water
quality, groundwater level and river water level and discharge are
measured, continuously in some cases, or daily, monthly or less
frequently in others (WMO, 1994). There have been major
improvements in monitoring groundwater and in knowledge of
groundwater as a result of the extension of geological mapping
across the world and the hydrogeological interpretation of these
maps. In some countries, ground-based weather radar systems are
employed for determining the distribution of precipitation, while
remotely sensed data from satellites are used for estimating the
extent of lying snow, precipitation, soil moisture and certain other
variables. However, many national networks are still composed of
instruments and sensors that were first introduced in the nineteenth
century. Many of these devices suffer from inherent errors; they
lack maintenance and they are not calibrated regularly. The
characteristics of the network and of its development vary from
country to country: in some there are measurements of the whole
range of hydrological variables and systems for accessing remotely

sensed data, in others there are only rudimentary networks
sampling just a few of the variables. Figure 4.1 shows the number
of monitoring stations that make up the global hydrological
network, by type and percentage of the total (WMO, 1995). Of
course, these networks are not only used for assessing water
resources, but also for flood and drought forecasting and prediction,
for pollution protection, water conservation, groundwater protection,
inland navigation and for a host of other purposes.

Knowledge of water resources is only as good as the available
data, but the various assessments of water resources that have
been conducted, together with other surveys, invariably indicate
that hydrological data, including hydrogeological data, are lacking in
many parts of the world. Indeed, it is a twin paradox that those
areas with most water resources, namely mountains, have the least
data and that the nations of Africa, where the demand for water is
growing fastest, have the worst capabilities for acquiring and
managing water data. This lack of data applies to surface water and
groundwater, and to quantity and quality. Indeed, with the
exception of Latin America, the reliability and availability of data
have declined sharply since the mid-1980s particularly in Africa, in
eastern Europe (Rodda, 1998) and around the Arctic (Shiklomanov
et al., 2002), largely because national hydrological and allied
networks have been degraded by lack of investment. There are
many countries with no data on water chemistry, productivity,
biodiversity, temporal changes and similar biological expressions of
the state of the aquatic environment. Systems for storing,
processing and managing these data and using them for assessing
water resources and other purposes, such as flood forecasting, are
often rudimentary.

Since the 1960s, both the United Nations Educational, Scientific
and Cultural Organization (UNESCO) and the World Meteorological
Organization (WMO) have been pursuing collaborative programmes
that are designed to improve national hydrological capabilities,
particularly for nations in need. These are the International
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Y Table 4.1: The distribution of water across the globe
O
>
() Volume, % of total volume % of Volume recycled Renewal
. Location (10% km?) in hydrosphere freshwater annually (km?3) period years
.8 Ocean 1,338,000 96.5 - 505,000 2,500
O Groundwater (gravity and capillary) 23,400 1.7 16,700 1,400
; Predominantly fresh groundwater 10,530 0.76 30.1
— Soil moisture 16.5 0.001 0.05 16,500 1
E Glaciers and permanent snow cover: 24,064 1.74 68.7
=3 Antarctica 21,600 1.56 61.7
‘E Greenland 2,340 0.17 6.68 2477 9,700
= Arctic Islands 83.5 0.006 0.24
Mountainous regions 40.6 0.003 0.12 25 1,600
¥ Ground ice (permafrost) 300 0.022 0.86 30 10,000
I-E Water in lakes: 176.4 0.013 - 10,376 17
Fresh 91.0 0.007 0.26
Salt 85.4 0.006 -
Marshes and swamps 11.5 0.0008 0.03 2,294 5
River water 2.12 0.0002 0.006 43,000 16 days
Biological water 1.12 0.0001 0.003 =
Water in the atmosphere 12.9 0.001 0.04 600,000 8 days
Total volume in the hydrosphere 1,386,000 100 -
Total freshwater 35,029.2 2.53 100

T Excluding groundwater in the Antarctic estimated at 2 million km3, including predominantly freshwater of about 1 million km3,

This table shows great disparities: between the huge volume of saltwater and the tiny fraction of freshwater; between the large volumes of water contained by the glaciers and the water stored in the aquifers;
and between the amount of groundwater and the small volumes of water in rivers, lakes and reservoirs.

Source: Shiklomanov, forthcoming.

Figure 4.1: The global hydrological network by type
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This figure shows the number of monitoring stations that make up the global hydrological network.

Source: WMO, 1995.
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Hydrological Programme (IHP) and the Hydrology and Water
Resources Programme (HWRP). On the global scale, WMO's World
Hydrological Observing System (WHYCOS) aims to stimulate
hydrological data collection and management in near real-time in a
number of data-poor regions. Starting from a European base and
progressing region by region, the UNESCO Flow Regimes from
International Experimental and Network Data (FRIEND) Project
(Gustard and Cole, 2002; van Lanen and Demuth 2002; Gustard,
1997) continues to improve the archiving of data and its use for
assessing water resources, flood prediction and many other
purposes in Europe, Africa, Asia and Latin America. FRIEND also
involves the International Association of Hydrological Sciences
(IAHS), which has been a partner in the IHP since it started in 1965.
Hydrogeological interpretation of geological maps and other areas
of hydrogeology have been stimulated by the IHP through
cooperation with the International Association of Hydrogeologists
(IAH) (Struckmeier and Margat, 1995). Another example of a
collaborative programme is the UNEP/WHO/UNESCO/WMO Global
Environment Monitoring Systems (WHO, 1991)! which is
endeavouring to improve global water quality data. The GEMS
archive contains some 1.6 million data points, but coverage is poor
for Africa, Central Asia and for river mouths. Unfortunately similar
biological equivalents seem to be lacking. However, there are other
international initiatives, such as the Global Terrestrial Observing
System (GTOS, 2002), which are likely to generate improved
monitoring of aquatic ecosystems. UNESCO and WMO and other
United Nations (UN) bodies have mounted a series of national and
basin-wide technical assistance projects since the 1960s, to help
developing countries assess and manage their water resources more
effectively.

There are also a number of advances stemming from the use of
remote sensing that provide increasing potential for monitoring a
growing number of hydrological variables and overcoming the
difficulties of determining meaningful spatial patterns from ground-
based observations (Schultz and Engman, 2001). Data provided by
Geographical Information Systems (GIS) along with digital terrain
models are also becoming very important. For example, Food and
Agriculture Organization (FAO)/UNESCO prepared exercises intended
for self-learning in the application of GIS to hydrologic issues in West
Africa using Arcview (Maidment and Reed, 1996). Data produced by
tracer techniques are also proving very useful in quantifying sources
of streamflow, residence times and exploring flow paths. The advent
of global data centres, such as the Global Runoff Data Centre (GRDC),
has eased the problem of access to world and national datasets. The
Global Precipitation Climatology Centre (GPCC) collects precipitation
data and there are proposals for a centre for world groundwater to be

1. GEMS Water, a combined effort of the United Nations Environment Programme, World Health
Organization, World Meterological Organization.

established in the Netherlands, under the auspices of UNESCO and
WMO. Another example is the World Glacier Monitoring Service
(WGMS) that collects data on the fluctuations of selected glaciers and
has been publishing these data since 1967 (Kasser, 1967). Now the
application of Landsat imagery, GIS and digital terrain modelling in
certain parts of the world allows for the rapid analysis of glacier
changes (Paul, 2002). The International Geosphere Biosphere
Programme (IGBP) of the International Council for Science (ICSU) has
also stimulated several initiatives involving the collection of global
datasets, some concerned with hydrology, and it has assisted ongoing
programmes such as the Global Network for Isotopes in Precipitation
(GNIP) (Gat and Oeschger, 1995), which has, since 1961, provided
monthly time series of isotope data from over 550 stations managed
by the International Atomic Energy Agency (IAEA) and WMO. Indeed,
IAEA has spearheaded efforts for the application of isotopes in
hydrology, such as by improving the understanding of aquifers in
many developing countries by collecting and analysing data on rates,
sources of recharge and the age of groundwater. Unninayar and
Schiffer (1997) provided a compendium of the systems designed to
observe the globe's atmosphere, hydrosphere and land surface, while
the I1AHS Global Databases Metadata System gives a metadata listing
of key water-related datasets. The Internet is a prime tool in
accessing these data, such as by FAQ's AQUASTAT or UNESCQ's Latin
American and Caribbean Hydrological Cycle and Water Resources
Activities Information System (LACHYCIS). Table 4.2 and figure 4.2
present an overview of the world's available water resources.
Progress in understanding water resources has developed
considerably over the last twenty to thirty years, particularly
through advances in modelling. Now a very wide range of models

Figure 4.2: Water availability versus population

The global overview of water availability versus the population stresses the continental
disparities, and in particular the pressure put on the Asian continent, which supports
more than half the population with only 36 percent of the world's water resources.

Source: Web site of the UNESCO/IHP Regional Office of Latin America and the Caribbean.
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Table 4.2: Water availability per person per year
Water resources Land Population

Ranking Continent Country Total Groundwater: Surface Overlap: Water Water Dependency Land area Population Population
internal  produced water: Surface  resources: resources: ratio (%) (km?) in 2000 density
renewable internally produced and total total (1000 inh) in 2000

water (km3/year)2 internally groundwater renewable renewable (inh/km?)

resources (km3/year)3 (km/year)* (km/year)* per capita
(km3/year)! (m¥/capita
year)

1 N C America Greenland 603.00 - - - 603.00 10,767,857 0 341,700 56 0

2 N C America United States, Alaska 800.00 - - - 980.00 1,563,168 18 1,481,353 627 04
3 South America French Guiana 134.00 - - - 134.00 812121 0 88,150 165 2
4 Europe Iceland 170.00 24.00 166.00 20.00 170.00 609,319 0 100,250 279 3
5 South America  Guyana 241.00 103.00 241.00 103.00 241.00 316,689 0 196,850 761 4
6 South America ~ Suriname 88.00 80.00 88.00 80.00 122.00 292,566 28 156,000 47 3
7 Africa Congo 222.00 198.00 222.00 198.00 832.00 275,679 73 341,500 3,018 9
8 Asia Papua New Guinea 801.00 - 801.00 - 801.00 166,563 0 452,860 4,809 11
9 Africa Gabon 164.00 62.00 162.00 60.00 164.00 133,333 0 257,670 1,230 5
10 Oceania Solomon Islands 4470 - - - 4470 100,000 0 27,990 447 16
1 N C America Canada 2,850.00 370.00 2,840.00 360.00 2,902.00 94,353 2 9,220,970 30,757 3
12 Oceania New Zealand 327.00 - - - 327.00 86,554 0 267,990 3,778 14
13 Europe Norway 382.00 96.00 376.00 90.00 382.00 85,478 0 306,830 4,469 15
14 N C America Belize 16.00 - - - 18.56 82,102 14 22,800 226 10
15 Africa Liberia 200.00 60.00 200.00 60.00 232.00 79,643 14 96,320 2,913 30
16 South America Bolivia 303.53 130.00 271.41 103.88 622.53 74,143 51 1,084,380 8,329 8
17 South America  Peru 1,616.00 303.00 1,616.00 303.00 1,913.00 74,546 16 1,280,000 25,662 20
18 Asia Laos 190.42 37.90 190.42 37.90 333.55 63,184 43 230,800 5279 23
19 South America Paraguay 94.00 41.00 94.00 41.00 336.00 61,135 72 397,300 5,496 14
20 South America  Chile 884.00 140.00 884.00 140.00 922.00 60,614 4 748,800 15,211 20
21 Africa Equatorial Guinea 26.00 10.00 25.00 9.00 26.00 56,893 0 28,050 457 16
22 N C America Panama 147.42 21.00 14411 17.69 147.98 51,814 0 74,430 2,856 38
23 South America  Venezuela 722.45 227.00 700.14 204.69 1,233.17 51,021 4 882,050 24170 27
24 South America ~ Colombia 2,112.00 510.00 2,112.00 510.00 2,132.00 50,635 1 1,038,700 42,105 4
25 South America  Brazil 5,418.00 1,874.00 5,418.00 1,874.00 8,233.00 48,314 34 8,456,510 170,406 20
26 Asia Bhutan 95.00 - 95.00 - 95.00 45,564 0 47,000 2,085 44
27 South America  Uruguay 59.00 23.00 59.00 23.00 139.00 41,654 58 175,020 3,337 19
28 Africa Central African Rep. 141.00 56.00 141.00 56.00 144.40 38,849 2 622,980 3,717 6
29 N C America Nicaragua 189.74 59.00 185.74 55.00 196.69 38,787 4 121,400 5,071 42
30 Asia Cambodia 120.57 17.60 115.97 13.00 476.11 36,333 75 176,520 13,104 74
31 Africa Sierra Leone 160.00 50.00 150.00 40.00 160.00 36,322 0 71,620 4,405 62
32 Oceania Fiji 28.55 - - - 28.55 35,074 0 18,270 814 45
33 South America  Ecuador 432.00 134.00 432.00 134.00 432.00 34,161 0 276,840 12,646 46
34 Europe Russian Federation 4,312.70 788.00 4,036.70 512.00 4507.25 30,980 4 16,888,500 145,491 9




Table 4.2: continued

35 N C America
36 Africa

37 Asia

38 Asia

8y Africa

40 Oceania

4 Africa

42 Europe

43 South America
44 Asia

45 Europe

46 Africa

47 Europe

48 Europe

49 Africa

50 Europe

51 Africa

52 N C America
53 N C America
54 Europe

55 Africa

56 Asia

57 Europe

58 Asia

59 Europe

60 Asia

61 Africa

62 Asia

63 N C America
64 Europe

65 Africa

66 Africa

67 N C America
68 Europe

69 Europe

70 Europe

7 Africa

72 Europe

73 Europe

74 Asia

75 Africa

76 Asia

77 Europe

Costa Rica
Guinea

Malaysia

Brunei Darussalam
Guinea-Bissau
Australia

Congo, Dem. Rep.
Croatia
Argentina
Myanmar
Finland
Madagascar
Yugoslavia
Sweden
Cameroon
Slovenia

Sao Tome and Principe
United States, Hawaii
Honduras

Latvia

Angola

Mongolia

Ireland
Indonesia
Albania

Georgia
Mozambique
Viet Nam

United States
Hungary
Namibia

Zambia
Guatemala
Austria

Romania

Bosnia and Herzegovina
Botswana
Slovakia

Estonia

Nepal

Mali

Bangladesh
Switzerland

112.40
226.00
580.00
8.50
16.00
492.00
900.00
37.70
276.00
880.60
107.00
337.00
44.00
171.00
273.00
18.67
2.18
18.40
95.93
16.74
184.00
34.80
49.00
2,838.00
26.90
58.13
99.00
366.50
2,818.40
6.00
6.16
80.20
109.20
55.00
42.30
35.50
2.90
12.60
1271
198.20
60.00
105.00
40.40

37.30
38.00
64.00
0.10
14.00
72.00
421.00
11.00
128.00
156.00
2.20
55.00
3.00
20.00
100.00
13.50
13.20
39.00
2.20
72.00
6.10
10.80
455.00
6.20
17.23
17.00
48.00
6.00
2.10
47.00
33.70
6.00
8.30

1.70
1.73
4.00
20.00
20.00
21.09
2.50

75.10
226.00
566.00

8.50

12.00
440.00
899.00

27.20
276.00
874.60
106.80
332.00

42.40
170.00
268.00

18.52

5.20

86.92

16.54
182.00

32.70

48.20

2,793.00

23.05

56.90

97.00
353.50

6.00
4.10

80.20
100.70

55.00

42.00

1.70
12.60
WAl

198.20
50.00
83.91
40.40

0.00
38.00
50.00

0.10
10.00
20.00

420.00

0.50
128.00
150.00

2.00
50.00

1.40
19.00
95.00
13.35

0.00
29.99
2.00
70.00
4.00
10.00
410.00
2.35
16.00
15.00
35.00

6.00
0.04
47.00
25.20
6.00
8.00

0.50
1.73
3.00
20.00
10.00
0.00
2.50

112.40
226.00
580.00
8.50
31.00
492.00
1,283.00
105.50
814.00
1,045.60
110.00
337.00
208.50
174.00
285.50
31.87
2.18
18.40
95.93
35.45
184.00
34.80
52.00
2,838.00
41.70
63.33
216.11
891.21
3,069.40
104.00
17.94
105.20
111.27
77.70
211.93
37.50
14.40
50.10
12.81
210.20
100.00
1,210.64
53.50

27,932
21,116
26,105
25,915
25,855
25,708
25,183
22,669
21,981
21,898
21,268
21,102
19,759
19,679
19,192
16,031
15,797
15,187
14,949
14,642
14,009
13,739
13,673
13,381
13,306
12,035
11,814
11,406
10,837
10,433
10,211
10,095

9,713

9,616

9,445

9,429

9,345

9,279

9,195

9,122

8,810

8,809

1,462

94
66
24

29
80

80
75

40

24

51,060
245,720
328,550
5,270
28,120
7,682,300
2,267,050
55,920
2,736,690
657,550
304,590
581,540
102,000
411,620
465,400
20,120
960
16,636
111,890
62,050
1,246,700
1,566,500

68,890
1,811,570

27,400

69,700
784,090
325,490

9,158,960

92,340
823,290
743,390
108,430

82,730
230,340

51,000
566,730

48,080

42,270
143,000

1,220,190
130,170
39,550

4,024
8,154
22,218
328
1,199
19,138
50,948
4,654
37,032
47,749
5,172
15,970
10,552
8,842
14,876
1,988
138
1,212
6,417
24
13,134
2,533
3,803
212,092
3,134
5,262
18,292
78,137
283,230
9,968
1,757
10,421
11,385
8,080
22,438
3977
1,541
5,399
1,393
23,043
11,351
137,439
7,170

79
33
68
62
43

22
83
14
73
17
27
103
21
32
99
144
73
57
39
"

55
17
114

75

23
240

31
108

14
105
98
97
78

12
33
161

1,056
181



The Natural Water Cycle

Table 4.2: continued
Water resources Land Population
Ranking Continent Country Total Groundwater: Surface Overlap: Water Water Dependency Land area Population Population
internal  produced water: Surface  resources: resources: ratio (%) (km?) in 2000 density
renewable internally produced and total total (1000 inh) in 2000
water (km3/year)2 internally groundwater renewable renewable (inh/km?)
resources (km3/year)3 (km/year)* (km/year)* per capita
(km3/year)! (m¥/capita
year)
78 N C America United States,
Conterminous 2,000.00 1,300.00 1,862.00 1,162.00 2,071.00 1,407 3 7,663,984 279,583 36
79 Europe Luxembourg 1.00 0.08 1.00 0.08 3.10 7,094 68 2,586 437 169
80 Europe Greece 58.00 10.30 55.50 7.80 74.25 6,998 22 128,900 10,610 82
81 Africa Reunion 5.00 2.80 450 2.30 5.00 6,935 0 2,500 721 288
82 Europe Portugal 38.00 4.00 38.00 4.00 68.70 6,859 45 91,500 10,016 109
83 Asia Kazakhstan 75.42 6.10 69.32 0.00 109.61 6,778 31 2,699,700 16,172 6
84 Europe Lithuania 15.56 1.20 15.36 1.00 24.90 6,737 38 64,800 3,696 57
85 Asia Thailand 210.00 41.90 198.79 30.69 409.94 6,527 49 510,890 62,806 123
86 Asia Philippines 479.00 180.00 444.00 145.00 479.00 6,332 0 298,170 75,653 254
87 Africa Gambia 3.00 0.50 3.00 0.50 8.00 6,140 63 10,000 1,303 130
88 Europe Netherlands 11.00 450 11.00 450 91.00 5,736 88 33,880 15,864 468
89 Europe Belarus 37.20 18.00 37.20 18.00 58.00 5,694 36 207,480 10,187 49
90 Africa Chad 15.00 11.50 13.50 10.00 43.00 5,453 65 1,259,200 7,885 6
91 Asia Turkmenistan 1.36 0.36 1.00 0.00 24.72 5218 97 469,930 4,737 10
92 Africa Cote d'lvoire 76.70 37.70 74.00 35.00 81.00 5,058 5 318,000 16,013 50
93 Africa Swaziland 264 - - - 451 4,876 4 17,200 925 54
94 N C America Mexico 409.00 139.00 361.00 91.00 457.22 4,624 " 1,908,690 98,872 52
95 Africa Mauritania 0.40 0.30 0.10 0.00 11.40 4,278 96 1,025,220 2,665 3
96 Africa Senegal 26.40 7.60 23.80 5.00 39.40 4,182 33 192,530 9,421 49
97 Asia Kyrgyzstan 46.45 13.60 44,05 11.20 20.58 4,182 0 191,800 4,921 26
98 N C America El Salvador 17.78 6.15 17.60 5.97 25.26 4,024 30 20,720 6,278 303
99 Africa Benin 10.30 1.80 10.00 1.50 24.80 3,954 58 110 620 6,272 57
100 Asia Azerbaijan 8.12 6.51 5.96 4.35 30.28 3,765 73 86 600 8,041 93
101 N C America Jamaica 9.40 3.89 5.51 0.00 9.40 3,651 0 10,830 2,576 238
102 Asia Korea, Dem. People’s 67.00 13.00 66.00 12.00 77.14 3,464 13 120,410 22,268 185
103 Asia Turkey 227.00 69.00 186.00 28.00 229.30 3439 1 769,630 66,668 87
104 Europe France 178.50 100.00 176.50 98.00 203.70 3,439 12 550,100 59,238 108
105 N C America Cuba 38.12 6.48 31.64 0.00 38.12 3404 0 109,820 11,199 102
106 Asia Japan 430.00 27.00 420.00 17.00 430.00 3,383 0 364,500 127,096 349
107 Europe Italy 182.50 43.00 170.50 31.00 191.30 3325 5 294110 57,530 196
108 Asia Iraq 35.20 1.20 34.00 0.00 75.42 3,287 53 437,370 22,946 52
109 Africa Togo 11.50 5.70 10.80 5.00 14.70 3247 22 54,390 4,527 83
110 Europe Macedonia, The Fmr Y. 5.40 - 5.40 - 6.40 3,147 16 25,430 2,034 80




Table 4.2: continued

111 Africa
112 Asia
113 N C America
114 Asia
115 Africa
116 Europe
117 Europe
118 Asia
119 Africa
120 Europe
121 Europe
122 Asia
123 Asia
124 Africa
125 Africa
126 N C America
127 Europe
128 Asia
129 Africa
130 Asia
131 Asia
132 Africa
133 Asia
134 Europe
135 N C America
136 Europe
137 Africa
138 N C America
139 Africa
140 Africa
141 Asia
142 Europe
143 Africa
144 Africa
145 Africa
146 Asia
147 Africa
148 Europe
149 Asia
150 Africa
151 Europe
152 Africa

Niger

Afghanistan
Trinidad and Tobago
Pakistan

Uganda

Ukraine

Spain

Armenia

Ghana

Moldova, Republic of
Bulgaria

Sri Lanka
Tajikistan

Tanzania,

United Rep. of
Nigeria

Dominican Republic
United Kingdom
China

Sudan

Uzbekistan

Iran, Islamic Rep. of
Mauritius

India

Germany

Puerto Rico
Belgium

Ethiopia

Haiti

Eritrea

Comoros

Syrian Arab Republic
Poland

Zimbabwe

Somalia

Malawi

Korea, Republic of
Lesotho

Czech Rep.
Lebanon

South Africa
Denmark

Burkina Faso

3.50
55.00
3.84
248.00
39.00
53.10
111.20
9.07
30.30
1.00
21.00
50.00
66.30

82.00
221.00
21.00
145.00
2,879.40
30.00
16.34
128.50
2.21
1,260.54
107.00
3.40
12.00
110.00
13.01
2.80
1.20
7.00
53.60
14.10
6.00
16.14
64.85
5.23
13.15
4.80
44.80
6.00
12.50

2.50

55.00
29.00
20.00
29.90
420
26.30
0.40
6.40
7.80
6.00

30.00
87.00
11.70
9.80
891.80
7.00
8.80
49.30
0.68
418.54
45.70
0.90
40.00
2.16
1.00
420
12.50
5.00
3.30
1.40
13.30
0.50
1.43
3.20
4.80
4.30
9.50

1.00

243.00
39.00
50.10

109.50

6.27
29.00
1.00
20.10
49.20
63.30

80.00
214.00
21.00
144.20
2,715.50
28.00
9.54
97.30
2.03
1,222.00
106.30

12.00
110.00
10.85

0.20
4.80
53.10
13.10
5.70
16.14
62.25
5.23
13.15
410
43.00
3.70
8.00

0.00

50.00
29.00
17.00
28.20
1.40
25.00
0.40
5.50
7.00
3.00

28.00
80.00
11.70
9.00
727.90
5.00
3.00
18.10
0.50
380.00
45.00

0.90
40.00
0.00

0.00
2.00
12.00
4.00
3.00
1.40
10.70
0.50
1.43
2.50
3.00
2.00
5.00

33.65
65.00
3.84
418.27
66.00
139.55
111.50
10.53
53.20
11.65
21.30
50.00
15.98

91.00
286.20
21.00
147.00
2,896.57
64.50
50.41
137.51
2.21
1,896.66
154.00
7.10
18.30
110.00
14.03
6.30
1.20
26.26
61.60
20.00
13.50
17.28
69.70
3.02
13.15
4.4
50.00
6.00
12.50

3,107
2,986
2,968
2,961
2,833
2,815
2,794
2,780
2,756
2,712
2,680
2,642
2,625

2,591
2,514
2,507
2,465
2,259
2,074
2,026
1,955
1,904
1,880
1,878
1,814
1,786
1,749
1,123
1,722
1,700
1,622
1,596
1,584
1,538
1,528
1,491
1,485
1,280
1,261
1,154
1,128
1,084

90
15

1
41
62

14

43
91

56

1,266,700
652,090
5,130
770,880
197,100
579,350
499,440
28,200
227,540
32,910
110,550
64,630
140,600

883,590
910,770
48,380
240,880
9,327,420
2,376,000
414,240
1,622,000
2,030
2,973,190
356,680
8,870
30,230
1,000,000
27,560
101,000
2,230
183,780
304,420
386,850
627,340
94,080
98,730
30,350
77,280
10,230
1,221,040
42,430
273,600

10,832
21,765
1,294
141,256
23,300
49,568
39,910
3,787
19,306
4,295
7,949
18,924
6,087

35,119
113,862
8,373
59,634
1,282,437
31,095
24,881
70,330
1,161
1,008,937
82,017
S8
10,249
62,908
8,142
3,659
706
16,189
38,605
12,627
8,778
11,308
46,740
2,035
10,272
3,496
43,309
5,320
11,535

33
252
183
118

86

80
134

85
131

72
293

43

40
125
173
248
137

13

60

43
572
339
230
an
339

63
295

36
317

88
127

33

14
120
473

67
133
342

35
125

42
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Table 4.2: continued
Water Resources Land Population
Ranking Continent Country Total  Groundwater: Surface Overlap: Water Water Dependency Land area Population Population
internal  produced water: Surface  resources: resources: ratio (%) (km?) in 2000 density
renewable internally produced and total total (1000 inh) in 2000
water (km3/year)2 internally groundwater renewable renewable (inh/km?)
resources (km3/year)3 (km/year)* (km/year)* per capita
(km3/year)! (m¥/capita
year)
153 Asia Cyprus 0.78 0.41 0.56 0.19 0.78 995 0 9,240 784 85
154 Africa Kenya 20.20 3.00 17.20 0.00 30.20 985 33 569,140 30,669 54
155 Africa Morocco 29.00 10.00 22.00 3.00 29.00 m 0 446,300 29,878 67
156 Africa Egypt 1.80 1.30 0.50 0.00 58.30 859 97 995,450 67,884 68
157 N C America Antigua and Barbuda 0.05 - - - 0.05 800 0 440 65 148
158 Africa Cape Verde 0.30 0.12 0.18 0.00 0.30 703 0 4,030 427 106
159 Africa Rwanda 5.20 3.60 520 3.60 520 683 0 24,670 7,609 308
160 N C America Saint Kitts Nevis 0.02 0.02 0.004 0.00 0.02 621 0 360 38 106
161 Africa Burundi 3.60 2.10 3.50 2.00 3.60 566 0 25,680 6,356 248
162 Africa Tunisia 415 1.45 3.10 0.40 4.56 482 9 155,360 9,459 61
163 Africa Algeria 13.90 1.70 13.20 1.00 14.49 478 4 2,381,740 30,291 13
164 Africa Djibouti 0.30 0.02 0.30 0.02 0.30 475 0 23,180 632 27
165 Asia Oman 0.99 0.96 0.93 0.90 0.99 388 0 212,460 2,538 12
166 N C America Barbados 0.08 0.07 0.01 0.002 0.08 307 0 430 267 621
167 Asia Israel 0.75 0.50 0.25 0.00 1.67 276 55 20,620 6,040 293
168 Asia Yemen 410 1.50 4.00 1.40 410 223 0 527,970 18,349 35
169 Asia Bahrain 0.004 0.00 0.004 0.00 012 181 97 690 640 928
170 Asia Jordan 0.68 0.50 0.40 0.22 0.88 179 23 88,930 4913 55
17 Asia Singapore 0.60 = = = 0.60 149 = 610 4,018 6,587
172 Europe Malta 0.05 0.05 0.00 0.00 0.05 129 0 320 390 1,219
173 Asia Saudi Arabia 240 220 220 2.00 2.40 118 0 2,149,690 20,346 9
174 Africa Libyan Arab Jamahiriya 0.60 0.50 0.20 0.10 0.60 113 0 1,759,540 5,290 3
175 Asia Maldives 0.03 0.03 0.00 0.00 0.03 103 0 300 291 970
176 Asia Qatar 0.05 0.05 0.001 0.00 0.05 94 4 11,000 565 51
177 N C America Bahamas 0.02 - - - 0.02 66 0 10,010 304 30
178 Asia United Arab Emirates 0.15 0.12 0.15 0.12 0.15 58 0 83,600 2,606 31
179 Asia Gaza Strip (Palestine) 0.05 0.05 0.00 0.00 0.06 52 18 380 1,077 2,834
180 Asia Kuwait 0.00 0.00 0.00 0.00 0.02 10 100 17,820 1,914 107
181 Africa Seychelles - - - - - - 0 450 80 178
182 Asia West Bank 0.75 0.68 0.07 0.00 0.75 - 0 5,800 - -
1243-4* Aggregation of data can only be done for internal renewable water resources and not the total renewable water resources, as that would result in double counting of shared water resources.
(=) No data available
Sources: Water resources: FAQ: AQUASTAT 2002; land and population: FAOSTAT, except for the United States (Conterminous, Alaska and Hawaii): US Census Bureau.
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exists and more are being developed including: rainfall-runoff
models, aquifer models, ecosystem models and catchment models,
many including monitoring of water quality. There are process
models, hydroecological models and management models backed up
by decision support systems and expert systems. There are
stochastic and deterministic models with a complexity that ranges
from simple lumped and black-box models to very sophisticated
physically-based models with a high resolution of the land surface,
including the surface-soil-vegetation-atmosphere interface and the
processes operating there. Satellite data are being employed in a
number of different types of models and they are proving valuable
in assessing the water quality of large basins.

However, there are also studies which demonstrate that the
sophistication and likeness to reality of a model are no guide to its
predictive success (Naef, 1981). The additional problem of scale exists
when the results of a limited experiment carried out over distances of
tens of metres have to be extrapolated to kilometres by modelling.
Scale is also a problem that has to be addressed when different types
of models are to be coupled, meteorological and hydrological models
for example, but the increase in computing power is one of the factors
easing this difficulty. Some of these techniques have been employed
to estimate water resources on a global or continental scale grid,

Map 4.1: The long-term average water resources according to drainage basins

producing maps showing variations with time (McKinney et al., 1998).
Improving knowledge of hydrological processes is essential to
the understanding that permits water resources to be safeguarded
and managed. The physical processes operating at the surface of
the ground where the atmosphere, soil and vegetation meet are
important to runoff generation and infiltration and also to the
climate models developed for atmospheric studies, such as for work
on climate change. Likewise, studies of the interaction of water with
the biotic environment are necessary for a number of practical
applications, the control of algal blooms and the maintenance of
fish stocks, for example. Hydrological processes operating in bodies
of surface water are a major factor in the complex and seasonally
dynamic groundwater flow fields associated with them;
consequently the representation of these processes has to be
adequately captured in models which aim to portray these systems.

Global Hydrology and Water Resources

Variability over a wide range of scales in space and time is the most
obvious feature of the global pattern of the hydrological cycle and of
its component parts which determine water resources (see map 4.1).

0 10 50 100 200 300 500 1,000 [max 6,160]

(in mm/year)

The long-term average of water resources by drainage basin is used as an indicator of water available to the populations in the basin. The use of the drainage basin as the
basic unit sharpens the contrast between adjacent water-rich and water-poor countries, compared to map 4.4, based on a grid scale.

Source: Map prepared for the World Water Assessment Programme (WWAP) by the Centre for Environmental Research, University of Kassel, based on Water Gap Version 2.1.D, 2002.
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But space and time deal very unfairly with certain parts of the world:
while some regions and periods experience water scarcity, others are
replete with water resources. In addition to the variations from year
to year and beyond, there is the progress of the seasons which
gives a regular rhythm to a number of these patterns and
consequently to water resources over much of the globe outside
the tropics. Precipitation provides the input to the land phase of the
cycle. Evaporation, transpiration and sublimation return a large part
of this water to the atmosphere, while much of the remainder is
temporarily stored in the soil and in aquifers, glaciers and ice
sheets. What is left runs off to the sea over a much shorter time
span, with lakes and reservoirs holding some of the flow. Rivers
transport most of this runoff from the land but some groundwater
reaches the sea directly.

Climate change

Climate change is a natural, ongoing process. Thanks to the
progress made in a number of techniques, the variability of the
climate during the last 500,000 years has been well documented.
Analysis tells us that a difference of a few degrees in annual
average temperature of the earth can lead to massive impacts on
glacier extension, sea level, precipitation regimes and distribution,
and patterns of biodiversity.

The different assessments carried out by the Intergovernmental
Panel on Climate Change (IPCC) have shown with increasing
evidence that the emissions of greenhouse gases released in the
atmosphere since the nineteenth century - which will continue for
the coming decades, even if the rate is reduced or stabilized - will
lead to a 'global warming' of the earth over the period 1990-2100,
with an expected increase of the average annual temperature in the
range of 1.4°C to 5.8°C. The projected rate of warming is very likely
to be without precedent during at least the last 10,000 years.
Among the associated effects are rises in the ocean level (in the
range of 0.09 to 0.88 metres for the same period) and, as a
consequence of the availability of more energy in the climate
system, an intensification of the global hydrological cycle. In some
areas, this will lead to changes in the total amount of precipitation,
in its seasonal distribution pattern and in its frequency and
intensity. Together with changes in evapotranspiration, these new
conditions may directly affect the magnitude and timing of runoff,
the intensity of floods and drought and have significant impacts on
regional water resources, affecting both surface water and
groundwater supply for domestic and industrial uses, irrigation,
hydropower generation, navigation, in-stream ecosystems and
water-based recreation. Hydrological sciences have underscored
‘non-linearity’ and ‘threshold effects' in hydrological processes,
which means that the terrestrial component of the hydrological
cycle amplifies climate inputs. The regional drought that struck the

African Sahel during the 1970s and the 1980s provides an
illustration of these concepts: while the decrease in precipitation
over this region during the two mentioned decades was in the
magnitude of 25 percent compared to the 1950-69 period, the
major rivers flowing through the region have experienced reductions
in annual flows of a magnitude of 50 percent (Servat et al., 1998).
In others words, what can be considered as a minor change in the
total or in the temporal pattern of precipitation may nevertheless
have tangible effects on water resources.

As a consequence of sea level rise, a calculable effect on water
tables is that the interface between freshwater and brackish water will
move inland, which may have significant impacts on the development
and the life of people in coastal regions and in small islands.

Most numerical simulations have shown that an intensification
of the hydrological cycle will not simply result in a smooth drift
towards new conditions, but will most probably be associated with
an increased variability of rainfall patterns at different time scales
(interannual, seasonal, individual storm event). Thus, climate change
will have to be taken into account in managing the temporal
variability of water resources, and in managing the risks of water-
related disasters (floods and droughts).

For water resource managers, the impacts of climate change are
still considered as minor compared to the problems they are facing
with the present climate variability. However, as it is likely that the
variability may increase due to climate change, the impacts of the
latter might become a real concern for water managers. In fact,
coping with present-day climate variability while applying principles
of Integrated Water Resources Management (IWRM) that take due
account of risk, is certainly the most sound option for coping with
climate change in the future.

Precipitation

The world pattern of precipitation (see map 4.2) shows large
annual totals in the tropics (2,400 millimetres [mm] and more), in
the mid-latitudes and where there are high mountain ranges
(Jones, 1997).

The monsoon, tropical cyclones and mid-latitude frontal and
convective storm systems are important mechanisms controlling
precipitation, while orographic lifting is another. Towards the poles
and with increasing altitude, a greater proportion of the
precipitation occurs as snow. The annual snowfall over the earth is
estimated to be about 1.7x1013 tons (Shiklomanov et al., 2002),
covering an area that varies from year to year between 100 and
126 million km2,

Small annual precipitation totals (200 mm and less) occur in the
subtropics, the polar regions and in areas furthest from the oceans.
There are also rain shadows in the lee of mountains, such as in the
valleys east of the Sierra Nevada in the western United States
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Map 4.2: Mean annual precipitation

-

0 50 250 500 750 1,000 2,000 and more

The world pattern of precipitation shows strong disparities between large annual rainfall in the tropics (some areas get in excess of 10,000 mm), and semi-arid and arid
regions (such as the Sahara Desert). Differences within the African continent are particularly significant.

Source: Map prepared for the World Water Assessment Programme (WWAP) by the Centre for Environmental Research, University of Kassel, based on an Analysis by the Global Precipitation Climatology

Centre (GPCC) (data extracted from the GPCC website in 2002 and Rudolf et al., 1994).

where totals are small. The world's deserts and semi-deserts are
located in these areas, some vast such as the Sahara Desert, others
very local in nature. In certain arid regions there may be no rain for
several years, in marked contrast to locations where heavy
precipitation occurs virtually every day and annual totals are
enormous, for example in Hawaii, United States (11,000 mm). Such
extremes in precipitation give rise to floods on the one hand and
droughts on the other, with few parts of the globe left immune: in
fact, deserts can experience flash floods, while humid areas may
suffer from prolonged droughts.

Shiklomanov (1998a) estimates the total precipitation on the
land surface to be 119,000 cubic kilometres (km3) per year with
other estimates ranging from 107,000 to 119,000 km3.

Evaporation

The pattern of evaporation is conditioned by the availability of
water to evaporate. Where water is readily available, such as in an
open water surface, evaporation is at the potential rate and only
restricted by atmospheric conditions. Where water is in limited
supply, in an arid area for example, the actual rate of evaporation
from the land surface is much lower than the potential. In general

terms, potential evaporation rates are highest in the arid subtropics
(more than 2,000 mm per annum), decreasing poleward to about
500 mm at latitude 50° and also decreasing with altitude. Actual
rates are highest in the tropics and in mid-latitudes where large
precipitation totals ensure a plentiful supply of soil moisture.
Evaporation from the land surface is estimated by Shiklomanov
(1998a) to be 74,200 km3 a year, with the lowest of other
estimates being 70,000 km?3.

Soil moisture

The soil acts as a significant reservoir when it is well developed,
partitioning precipitation between runoff and infiltration and
releasing water for plant growth. Soil moisture storage is dependent
on a number of factors in addition to precipitation and evaporation:
factors such as soil type, soil depth, vegetation cover and slope. The
consequence is that even within a small basin, the pattern of soil
moisture can be very heterogeneous. Consequently, the best guide
to the global distribution of soil moisture storage may be the
balance between precipitation and evaporation. This balance has a
marked seasonal pattern over much of the world within the top part
of the soil profile. This dries during the summer and returns to a
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wet state in the winter. Korzun (1974) postulated that the active
soil water occurs mainly in the top two metres of the soil - within
the rooting depth of most vegetation. On this basis he estimated
the globe's total volume of soil moisture to be approximately
16,500 km3. This figure assumes that soil moisture is 10 percent of
the two-metre layer, and that the area of soil containing moisture
covers 55 percent of the land area or 82 million km2.

Groundwater

Since earliest antiquity, the human race has obtained much of its
basic requirement for good-quality water from subterranean
sources. Springs, the surface manifestation of underground water,
have played a fundamental role in human settlement and social
development. But for many millennia, capability to abstract this vital
fluid was tiny in comparison to the available resource.

Heavy exploitation followed major advances in geological
knowledge, well drilling, pump technology and power development,
which for most regions dates from the 1950s (Foster et al., 2000).
Today, with a global withdrawal rate of 600-700 km3/year (Zektser
and Margat, forthcoming), groundwater is the world's most
extracted raw material, and, for example, forms a cornerstone of the
Asian ‘green agricultural revolution’, provides about 70 percent of
piped water supply in the European Union, and supports rural
livelihoods across extensive areas of sub-Saharan Africa.

The science base: from maps to models

The surface extension of aquifers is now reasonably well known in
most parts of the world, as a result of major improvements in
geological mapping and hydrogeological interpretation over the past
ten to thirty years, which have been stimulated by the IHP and
facilitated by IAH (Struckmeier and Margat, 1995).

Hydrogeological interpretation involves building up a conceptual
model of how the groundwater system functions, through
identification of recharge processes, three-dimensional flow regime,
discharge areas and the relationship with surface water. This forms
the essential scientific basis for water resource management and
protection, increasingly via numerical modelling of aquifers. But,
especially in the developing world, conceptual (and thus numerical)
models of the groundwater flow system for mapped aquifers cannot
always be established with sufficient confidence or in adequate
detail as a result of:

= lack of knowledge of three-dimensional geology;

= inadequate monitoring of groundwater levels; and

= insufficient data on hydraulic head variations with depth, that
control flow patterns from recharge to discharge areas.

A vast reservoir of freshwater
Groundwater systems (aquifers and in some cases interbedded
aquitards) unquestionably constitute the predominant reservoir and
strategic reserve of freshwater storage on planet Earth - probably
about 30 percent of the global total and as much as 98 percent of the
fraction in liquid form (Shiklomanov, 1998a). Certain aquifers (such as
those in table 4.3 and map 4.3) extend quite uniformly over very large
land areas and have much more storage than all the world's surface
reservoirs and lakes. In sharp contrast to surface water bodies, they
hardly lose any of their stored water by direct evaporation.
Nonetheless, calculation of the total volume of global
groundwater storage is by no means straightforward, and the
precision and usefulness of any calculation will inevitably be open to
question. Actual estimates, which are always massive, range from
7,000,000 km? (Nace, 1971) to 23.4 million km? (Korzun, 1974),
but all are subject to major assumptions about the effective depth
and porosity of the freshwater zone.

The boom in groundwater resource exploitation

Rapid expansion in groundwater exploitation occurred between 1950
and 1975 in many industrialized nations, and between 1970 and 1990 in
most parts of the developing world. Systematic statistics on abstraction
and use are not available, but globally groundwater is estimated to
provide about 50 percent of current potable water supplies, 40 percent
of the demand of self-supplied industry and 20 percent of water use in
irrigated agriculture (Zektser and Margat, forthcoming). These
proportions, however, vary widely from one country to another.
Moreover, the value of groundwater to society should not be gauged
solely in terms of relative volumetric abstraction. Compared to surface
water, groundwater use often brings large economic benefits per unit
volume, because of ready local availability, drought reliability and good
quality requiring minimal treatment (Burke and Moench, 2000).

The list of major cities with considerable dependence on this
resource is long (Foster et al., 1997; Burke and Moench, 2000). It
assumes even greater importance for the supply of innumerable
medium-sized towns: it is believed that more than 1.2 billion urban
dwellers worldwide depend on well, borehole and spring sources. As
regards groundwater use for irrigated agriculture, FAO has certain
country-level data on its AQUASTAT Database for the 1990s (table
4.4 provides some data for selected countries).

The case of India is worthy of specific mention, since groundwater
directly supplies about 80 percent of domestic water supply in rural
areas, with some 2.8 to 3.0 million hand-pump boreholes having been
constructed over the past thirty years. Further, some 244 km3/year are
currently estimated to be pumped for irrigation from about
15-17 million motorized dugwells and tubewells, with as much as 70
percent of national agricultural production being supported by
groundwater (Burke and Moench, 2000; Foster et al., 2000).
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Table 4.3: Some large aquifers of the world

Area Volume Replenishment
No. Name (million km?) (billion md) time (years) Continent
1 Nubian Sandstone Aquifer System 2.0 75,000 75,000 Africa
2 North Sahara Aquifer System 0.78 60,000 70,000 Africa
3 High Plains Aquifer System 0.45 15,000 2,000 North America
4 Guarani Aquifer System 12 30,000 3,000 South America
5  North China Plain Aquifer Systems 0.14 5,000 300 Asia
6  Great Artesian Basin 1.7 20,000 20,000 Australia

The largest aquifers occur in Africa, where they represent a very precious resource, since rainfall is almost non-existent. However, a wise exploitation of this resource is necessary.

Sources: Margat, 1990a, 1990b.

Map 4.3: Groundwater resources of the world
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major groundwater basin with highly-productive aquifers

area with complex structure including some important aquifers

area with generally poor aquifers, locally overlain by river-bed aquifers
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B large freshwater lake

The map clearly shows that the conditions of groundwater storage vary from area to area. While some regions are underlined by aquifers extending over large areas, others
have no groundwater, except for the floodplain alluvial deposits usually accompanying the largest rivers. In mountainous regions, groundwater generally occurs in complexes
of jointed hard rocks.This global map is based on important hydrogeological mapping programmes that have been carried out on all continents except Antarctica. It forms the
first step of a worldwide hydrogeological mapping and assessment programme (WHYMAP) recently started by UNESCO, IAH, the Commission for the Geological Map of the
World (CGMW), the International Atomic Energy Agency (IAEA) and the German Federal Institute for Geosciences and Natural Resources (BGR). In this programme, a series of
groundwater-related global maps will be produced and provided in digital format.

Source: Map prepared for the World Water Assessment Programme (WWAP) by the Federal Institute for Geosciences and Natural Resources (BGR)/Commission for the Geological Map of the World
(CGMW)/International Association of Hydrogeologists (IAH)/United Nations Educational, Scientific and Cultural Organization (UNESCO), 2002.
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Table 4.4: Groundwater use for agricultural irrigation in
selected nations

Country Irrigated Irrigation % of
area (M ha) use (km3/year) groundwater
India 50.1 460 53
China 48.0 408 18
Pakistan 14.3 151 34
Iran 7.3 64 50
Mexico 5.4 61 27
Bangladesh 38 13 69
Argentina 1.6 19 25
Morocco 1.1 10 31

Groundwater is more widely used for irrigation than surface water in countries such as India,
Bangladesh and Iran. Note that arid countries such as Saudi Arabia are not listed in the table despite
their using almost 100 percent groundwater from irrigation.

Sources: Burke and Moench, 2000; Foster et al., 2000.

Aquifer replenishment - controls and uncertainties

Groundwater is in slow motion from areas of aquifer recharge
(which favour the infiltration of excess rainfall and/or surface
runoff) to areas of aquifer discharge as springs and seepages to
watercourses, wetlands and coastal zones (Zektser, 1999). The large
storage capacity of many aquifers over long time periods (see table
4.3) transforms a highly variable recharge regime into a much more
constant discharge regime.

The contemporary rate of aquifer recharge (replenishment
through deep infiltration) is often used as an indicator of
groundwater resource availability. However, average aquifer
recharge rate is not necessarily a constant parameter, and is also

Figure 4.3: Typical groundwater flow regimes and residence times under
semi-arid climatic conditions
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As a result of the very large storage capacity and very low flow velocity of
groundwater systems, aquifer residence times can often be counted in decades or
centuries, and sometimes in millennia.

Source: British Geological Survey.

frequently subject to considerable uncertainty (Foster et al., 2000),
since it varies considerably with:

= changes in land use and vegetation cover, notably introduction
of irrigated agriculture with imported surface water, but also
with natural vegetation clearance, soil compaction, etc.;

m changes in surface water regime, especially diversion of river flow;

= lowering of the water table, by groundwater abstraction and/or
land drainage, leading to increased infiltration; and

= longer-term climatic cycles, with considerable uncertainty
remaining over the impacts on groundwater systems of the
current global warming trend.

These variations mean that groundwater recharge estimates have
always to be treated with caution.

As a result of the very large storage of groundwater systems,
aquifer residence times can often be counted in decades or
centuries and sometimes in millennia (figure 4.3). Evidence of this,
and the major influence on aquifer recharge of climate change
during Quaternary history, has been revealed through analyses of
environmental isotopes.

Development and application of these techniques, promoted by
the 1AEA-Isotope Hydrology Section, has demonstrated that much of
the deeper groundwater in large geological basins and thick coastal
deposits originated as recharge infiltrating during wetter epochs,
often 10,000 or more years ago. In some more arid regions this
‘fossil groundwater' may be the only resource, and thus should be
used judiciously.

Groundwater development: the risk of unsustainability

The rapid expansion in groundwater exploitation has led to major
social and economic benefits, but is also encountering significant
problems (see table 4.5). For example, it has been estimated that
mining of groundwater storage is occurring at a rate of about

10 km3/year on the North China Plain within the Hai He basin, and
about 5 km?/year in the 100 or so recognized Mexican aquifers.

This abstraction is not physically sustainable in the longer term.
In both cases most of the consumptive use of the pumped
groundwater is by irrigated agriculture, but there is also competition
with urban water supply abstraction coupled with inadequate
attention to wastewater in general and to opportunities that
integrated planning could provide.

A significant fraction of total aquifer replenishment is commonly
required to maintain dry-weather river flows and/or to sustain some
types of aquatic and terrestrial ecosystems (Foster et al., 2000;
Alley, 1999). Groundwater abstraction reduces (in some cases
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Table 4.5: Groundwater exploitation and associated problems

Socio-economic benefits
e economical provision of good-quality urban water supply

® |ow-cost development of drought-reliable rural water supplies
o accessible and reliable water supply for irrigated crop cultivation

e improved drainage and salinity alleviation in some areas

Sources: Alley, 1999; Foster et al., 2000.

seriously) natural aquifer discharge to the aquatic environment, and
resource development involving consumptive use of groundwater (or
export from the sub-basin concerned) has the greatest impact. This
should be an important consideration in resource planning and
environmental management, but it is one that has been all too
widely overlooked in the past.

The integrity of the soil layer overlying aquifers plays a key role in
allowing groundwater recharge to take place. Anthropogenic
influences can be highly significant in this context. For example, there
is mounting evidence from across the African Shield that clearance of
natural vegetation has led to soil erosion and compaction. As a
consequence, infiltration and aquifer recharge and discharge have
been reduced, leading to the fall of dry-weather flow in many smaller
rivers which are vital to human survival and livelihood.

Natural groundwater quality problems
While the quality of unpolluted groundwater is generally good,
some groundwater naturally contains trace elements, dissolved from
the aquifer matrix, which limit its fitness for use (Edmunds and
Smedley, 1996). These elements can be troublesome for domestic
use (iron) or pose a public health hazard (fluoride, arsenic). With
the introduction of more systematic and comprehensive analysis of
groundwater supplies, supported by hydrogeochemical research,
detailed knowledge of their origin and distribution is steadily
increasing with the hope that associated problems can either be
avoided or treated on a sound footing in the future.

There are significant areas of the globe where serious soil and
groundwater salinization are present or have developed as a result of:

= rising groundwater table, associated with the introduction of
inefficient irrigation with imported surface water in areas of
inadequate natural drainage;

= natural salinity having been mobilized from the landscape,
consequent upon vegetation clearing for farming development
with, in these cases, increased rates of groundwater recharge; and

Sustainability problems

e inefficient resource utilization on a very widespread basis

e growing social inequity in the access to groundwater in some regions
e physically unsustainable abstraction rates in more arid regions
 reduction in dry weather baseflow in some downstream watercourses
irreversible aquifer damage locally due to saline intrusion/upconing
localized land subsidence due to aquitard compaction

damage to some groundwater-dependent ecosystems

= excessive disturbance of natural groundwater salinity
stratification in the ground through uncontrolled well
construction and pumping.

Such situations always prove costly to remedy (Foster et al., 2000).

Vulnerability of aquifers to pollution

Aquifers are much less vulnerable to anthropogenic pollution than
surface water bodies, being naturally protected by the soil and
underlying vadose (unsaturated) zone or confining strata. But, as a
result of large storage and long residence times when aquifers
become polluted (see figure 4.4}, contamination is persistent and
difficult to reverse (Clarke et al., 1996).

Some aquifers are more vulnerable than others, and can be
affected by a wide range of pollutants discharged or leached at the
land surface. Moreover, most aquifers will (sooner or later) be
affected by relatively persistent contaminants (such as nitrate,
salinity and certain synthetic organics), if widely leached into
groundwater in aquifer recharge areas.

The more spectacular groundwater pollution incidents, with
large plumes of high concentration, are associated with industrial
point sources from accidental spillage or casual discharge in
vulnerable areas. However, more insidious and persistent problems
are associated with diffuse pollution sources generated through
intensification of agricultural cultivation or from unsewered urban
and industrial development. The compilation of maps of aquifer
vulnerability provides land use managers with a valuable tool for the
establishment of preventive and protective measures (Vrba and
Zaporozec, 1994).

Certain clear tendencies, including widespread quality
deterioration of shallow aquifers in areas of rapid urbanization and
agricultural intensification, have been identified (Foster and
Lawrence, 1995). However, it is not possible to make reliable
estimates of the proportion of active replenishment or of
groundwater storage affected by pollution, because few nations
have adequate groundwater quality monitoring networks set up for
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this purpose. This will, however, be a major thrust of the recently
launched European Union Water Framework Directive.

The future: management and monitoring needs

A major challenge for the future is to stabilize aquifers exhibiting
serious hydraulic imbalance and, where feasible, reinstate some
discharge to the surface water environment. This can be achieved
only by implementing realistic balance-of-demand management
measures and supply or recharge enhancement. This variously
requires (Foster et al., 2000):

= an institutional framework of appropriate style and scale;

= 3 sound system of groundwater abstraction and use rights;

= adequate financial investment in water-saving technology;

= active groundwater user and broader stakeholder participation;

= economic instruments to encourage reduced water consumption;
and

= incentives to increase water harvesting and aquifer recharge.

Groundwater recharge enhancement requires good planning, design
and operation, with appropriate monitoring to ensure that the
selected method is effective and sustainable. A range of potentially
cost-effective methods is available for ‘banking’ excess rainwater,
surface runoff and reclaimed wastewater in aquifers (Bouwer,
2002).

The principal problems that have arisen in relation to
groundwater in urban development (Foster et al., 1997) result from
the common failure by urban water and environmental managers to
identify and manage potentially negative interactions between
wastewater elimination and groundwater supply, and to recognize
the association between groundwater abstraction and urban
drainage and infrastructure in low-lying cities.

In relation to groundwater pollution threats, the major
management task is one of protection. This requires sustained
institutional action to identify ‘hazardous activities' and 'vulnerable
areas’, broadcasting the latter so as to ‘make groundwater more
visible' to stakeholders and the broader public, and thereby
mobilizing their participation in pollution control.

A key requirement in many countries will be to transform the
role of the national or local government departments responsible
for groundwater from exclusively ‘supply’ development to primarily
‘resource-custodian’ and ‘information-provider' development (Foster
et al., 2000).

For the most part, monitoring of aquifer abstraction and use,
water level fluctuation and recharge quality is far from adequate for
water-resource management needs. This deficiency has also reduced
the current ability to present a comprehensive and well-
substantiated statement on the global status of groundwater

resources and the role of groundwater in some processes of global
change.

Glaciers and ice sheets

The world's largest volume of freshwater is stored within the ice
caps and glaciers, about 90 percent of it in the Antarctic and much
of the remainder in Greenland (see table 4.1). Despite plans for
towing icebergs to coastal locations in lower latitudes, this water is
considered inaccessible and not available for use. Most of the
available water contributing to water resources drains from the
smaller ice sheets and glaciers in North and South America, Europe
and Asia. The present glaciation is estimated to cover an area of
about 16.2 million km? and the total water volume of ice across
the globe is considered to exceed 24 million km3 (Korzun, 1974).
This smaller volume that is distributed across the continents and
from which melt water is released sustains river flows and
contributes to seasonal peaks. Without further precipitation, the
74 km3 of water stored within Swiss glaciers is estimated to be
sufficient to maintain river flows for about five years
(Bandyopadhyay et al., 1997).

In addition, underground ice resides in the areas of permafrost
extending over north-east Europe, northern Asia, including the
Arctic islands, northern Canada and the fringes of Greenland and
Antarctica, as well as in the higher parts of South America. The
total area of permafrost is about 21 million km2, some 14 percent
of the land area. The depth of permafrost ranges from 400 to 650
metres. Korzun (1974) has estimated the volume of ice to be
300,000 km3. However, this water makes a very limited contribution
to water resources.

Lakes and reservoirs

There are 145 large lakes across the globe with an area of at least
100 km2, holding some 168,000 km3 of water (Korzun, 1974). This
is estimated to be about 95 percent of the total volume of all the
world's lakes, which number some 15 million, giving a total volume
of lake water of 176,400 km?3 (see table 4.1). Of this total, about
91,000 km3 is freshwater and 85,400 km3 is saline. However, these
figures should be treated with caution, as the hydrology of about
40 percent of the world's large lakes has not been studied and their
volumes are approximations (Shiklomanov, forthcoming). Most of the
world's lakes are situated in the Northern Hemisphere and located
in glaciated areas: for example, Lakes Superior, Huron, Michigan,
Erie and Ontario in the United States lie behind moraines left by the
receding ice. Some lakes are found in large tectonic depressions
(Baikal in the Russian Federation, Victoria and Nyassa in eastern
Africa), others in valleys blocked by landslides (Teletskoye in the
Altai Mountains, Russian Federation). There are also some lakes of
volcanic origin, some created by wind action and those resulting
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from the collapse of particular strata. The world's major lakes
include the Caspian Sea, which contains some 91 percent of the
world's inland saline waters and Lake Baikal, which represents
27 percent of the world's lake freshwater.

According to the World Commission on Dams (WCD, 2000)
there was a world total of 47,655 large dams in 1998 and an
estimated 800,000 smaller ones (Hoeg, 2000). A large dam by the
definition of the International Commission on Large Dams (ICOLD)
has a height of more than 15 metres, or has a dam of above
5 metres holding a reservoir volume of more than 3 million cubic
metres (Mm3). These include some dams that have been
constructed to increase the capacity of existing lakes, for example
the Owen Falls Dam on the Nile below Lake Victoria. Dams have
been built across river valleys to create reservoirs and some create
cascades of reservoirs, for example, on the Nile and Colorado.
Reservoirs have been constructed alongside rivers and are filled by
pumping. Together these dams hold back a large volume of water
and contribute a significant amount of storage globally (see table
4.6).

The first dams were constructed some 5,000 years ago, but the
commissioning of large dams peaked between the 1960s and the
1980s particularly in China, the United States, the former USSR and
India. However, some 300 dams over 60 metres high were listed as
under construction in 1999, and authorities are claiming that many
more will be needed in the future to meet the burgeoning demand
for water. Cosgrove and Rijsberman (2000) maintain that a further
150 km3 of storage will be required by 2025 to support irrigation
alone and 200 km3 more to replace the current overconsumption of
groundwater. Of course, reservoirs are also built to satisfy various
needs: flood control, drinking water supply, recreation and so on.

Vorosmarty et al. (1997) estimated that there are 633 large
reservoirs with capacities of over 0.5 km3 storing a total volume of

Table 4.6: The world's largest reservoirs

nearly 5,000 km3. It is considered that this represents 60 percent of
the total global capacity which can then be calculated as a figure in
excess of 8,000 km3. These large reservoirs regulate about

40 percent of the earth's total runoff, increasing residence times by
nearly fifty days and retaining about 30 percent of the sediment
transported by the rivers where they are located. These reservoirs
also cause increased evaporation - since they create a larger total
surface area exposed to evaporation - representing some 200 km?3 a
year, according to Cosgrove and Rijbersman (2000).

River flows

Although the volume of water in rivers and streams is very small by
comparison with those in the other components of the world water
balance (see table 4.1), in many parts of the world this water
constitutes the most accessible and important resource.

Map 4.4 shows how the pattern of river flows reflects the
global distribution of precipitation, with zones of large flow in the
tropics and middle latitudes and small flows over much of the
remainder. In fact about 40 percent of the total runoff enters the
world's oceans between 10° N and 10° S. But not all rivers reach
the ocean; there are a number of areas of inland drainage which
are not connected to it including: the Caspian Sea basin, most of
middle and central Asia, the Arabian Peninsula, much of north Africa
and central Australia. Together they cover about 30 million km?

(20 percent of the total land area), but they produce only 2.3 percent
(about 1,000 km3 per year) of the runoff (UNESCO, 1993). In these
areas, groundwater is particularly important, although it is very difficult
to assess its contribution to the resource. In one study for Africa, FAO
(1995) estimated the renewable groundwater resource to be 188 km?3/year
for the continent as a whole, or 5 percent of the volume of runoff.
There is also the water lost by evaporation from the large rivers that
cross these arid and semi-arid areas and from the reservoirs and

Reservoir Continent Country Basin
Owen Falls Africa Uganda, Kenya, Victoria-Nile
(Lake Victoria) United Republic of Tanzania

Bratskoye Asia Russian Federation Angara
Nasser Africa Egypt Nile

Kariba Africa Zambia, Zimbabwe Zambezi
Volta Africa Ghana Volta

Daniel Johnson North America Canada Manicouagan
Guri South America Venezuela Caroni
Krasnoyarskoye Asia Russian Federation Yenisey
Vadi-Tartar Asia Iraq Tigris

WAC Bennett North America Canada Peace

Source: Shiklomanov, forthcoming.

Year of filling Dam height (m) Full volume (km?3)
1954 31 204
1967 106 169
1970 95 169
1959 100 160
1965 70 148
1968 214 141
1986 162 136
1967 100 73

1956-1976 - 72
1967 183 7




<
O
>~
()
—
eV}
e
=
Ic)
—
-
e
(1°)
=
(D]
=
|_

84 / A LOOK AT THE WORLD'S FRESHWATER RESOURCES

Map 4.4: Long-term average runoff on a global grid
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The enormous variation in climate around the Earth leads to great variability in the streamflow, which is in line with the rainfall. This map shows similar patterns to map 4.1.

Source: Map prepared for the World Water Assessment Programme (WWAP) by the Centre for Environmental Research, University of Kassel, based on Water Gap Version 2.1.D, 2002.

swamps associated with them, for example from the Indus (Pakistan),
the Niger (West Africa), the Nile (eastern Africa) and the Colorado
(Argentina). About 1,100 km3 of runoff per year is lost in this way
(Shiklomanov, forthcoming). For the large number of rivers with a
groundwater component, this is included in the determination of flow,
even though some groundwater flows to the oceans directly.

The world's largest river, the Amazon in Latin America, contributes
some 16 percent of the global total annual runoff, while the five
largest river systems (Amazon, Ganges with the Brahmaputra in India,
Congo in Central Africa, Yangtze in China and Orinoco in Venezuela)
together account for 27 percent (see table 4.7).

These figures are derived from the forthcoming study by
Shiklomanov who collected and analysed flow records from the world
hydrological network divided between twenty-six homogeneous and
comparable regions covering the globe (Shiklomanov, 1998a). The
2,500 most suitable records were selected from this network and
adjusted to the period 1921 to 1985. This adjustment was necessary
because although a few of the records were for longer periods of
observation, many were for shorter periods, many records had gaps and
some had to be estimated from precipitation totals. From this study, the
average total flow per year from the land surface to the ocean was
estimated to be 42,800 km? with slight variations from year to year.

There are groups of wet years and dry years, but no trend over the
sixty-five-year period. In terms of water resources the variability from
one vyear to the next is very important but this variability is masked by
the averaged data. This distorted view pertains particularly to arid and
semi-arid regions, where the coefficient of variation (C,) of annual
discharges is in excess of 0.7 and where the driest years can experience
a discharge of less than 10 percent of the long-term average. For wet
regions (with average annual rainfall greater than 1,000 mm), annual
variability is benign and the coefficients of variation are smaller (typically
between 0.15 and 0.3) and the driest year is rarely less than 40 percent
of the long-term average. So, where river flows are lowest around the
world, the year-to-year variability is highest. Smaller rivers show greater
annual variability than larger rivers. Runoff is unevenly distributed
through the year for most regions of the globe with 60 to 70 percent
occurring in the spring and early summer and 2 to 10 percent in the
three driest months. For example, in Russia and Canada between 55
to 70 percent of the runoff occurs between May and August, while
47 to 65 percent of the runoff in India and China is between July and
September. Floods contribute a large proportion of the flows during
these periods when they transport the major part of the annual load
of sediment and of materials in solution (see table 4.8). A number of
severe floods have occurred in recent years, for example those on the
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Table 4.7: The largest rivers in the world by mean annual discharge with their loads

Suspended Dissolved
Mean annual Maximum Minimum solids solids

Basin area discharge discharge discharge Runoff Volume (million (million
River (km?) (m¥/sec) (m¥/sec) (m¥/sec) (mm/year) (km®) tons/year) tons/year)
Amazon 4,640,300 155,432 176,067 133,267 3,653 4,901 275 1,200
(South America)
Congo 3,475,000 40,250 54,963 32,873 1,056 1,296 4 43
(Central Africa)
Orinoco 836,000 31,061 37,593 21,540 1,172 980 32 150
(Venezuela)
Yangtze 1,705,383 25,032 28,882 21,377 463 789 247 478
(China)
Brahmaputra 636,130 19,674 21,753 18,147 975 620 61 540
(India)
Yenisei 2,440,000 17,847 20,966 15,543 231 563 68 13
(Russian Federation)
Lena 2,430,000 16,622 19,978 13,234 216 524 49 18
(Russian Federation)
Parana 1,950,000 16,595 54,500 4,092 265 516
(Argentina)
Mississippi 3.923,799 14,703 20,420 10,202 118 464 125 210
(United States)
0Ob 2,949,998 12,504 17,812 8,791 134 394

(Russian Federation)

The world's largest river, the Amazon, contributes by itself some 16 percent of the global total annual stream water flow, and the Amazon and the other four largest river systems (Congo, Orinaco,

Yangtze, Brahmaputra) combined account for 27 percent.

Sources: GRDC, 1996; Berner and Berner, 1987.

Oder (Germany) in July 1997, those generated by the supercyclone in
Orissa (India) in October 1999 and those from cyclone Eline, which
affected Mozambique and neighbouring countries in February 2000
(Cornford, 2001).

Water quality

The quality of natural water in rivers, lakes and reservoirs and below
the ground surface depends on a number of interrelated factors.
These factors include geology, climate, topography, biological
processes and land use, together with the time the water has been in
residence. However, over the last 200 years human activities have

developed to such an extent that there are now few examples of
natural water bodies. This is largely due to urban and industrial
development and intensification of agricultural practices, combined
with the transport of the waste products from these activities by
surface water and groundwater and by the atmosphere. The scale and
intensity of this pollution varies considerably. Table 4.8 shows some
of the chemical determinants of the world's average rivers, both
natural and polluted.

There are global problems such as heavy metals, regional problems
like acid rain and much more localized ones - groundwater
contamination, for example. In many places groundwater has become

Table 4.8: The chemical composition of average river water (concentration in milligrams/litre)

Calcium Magnesium Sodium Potassium

(Ca**) (Mg*+*) (Na*) (K*)
Actual 14.7 37 1.2 1.4
Natural 134 3.4 52 1.3

Silicon Total
Chlorine Sulphate Bicarbonate dioxide Dissolved
(Cl) (S0,) (HCO,) (Si0,) Solids (TDS)
8.3 11.5 53.0 10.4 110.1
5.8 8.3 52.0 10.4 996

The difference shown in this table between the natural and the actual chemical composition of river water highlights the importance of the water pollution all over the world.

Source: Meybeck, 1979.
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2 Table 4.9: The world's major water quality issues
O
5 Issue scale Water bodies polluted Sector affected Time lag between cause and effect Effects extent
lG_J Organic pollution rivers ++ aguatic environment <1 year local to district
-+ lakes +
" groundwater +
; Pathogens rivers++ health ++ <1 year local
— lakes +
E groundwater +
= Salinization groundwater ++ most uses 1-10 years district to region
-+ rivers + aquatic environment
('ZU health
Nitrate rivers + health >10 years district to region
(<)) lakes +
I-E groundwater ++
Heavy metals all bodies health <10 >10 years local to global
aquatic environment
ocean fluxes
Organics all bodies health 1to 10 years local to global

aquatic environment
ocean fluxes

Acidification rivers ++ health >10 years district to region
lakes ++ aquatic environment
groundwater +
Eutrophication lakes ++ aquatic environment >10 years local
rivers + most uses
ocean fluxes
Sediment load rivers + aquatic environment 1-10 years regional
(increase and decrease) lakes most uses
ocean fluxes
Diversions, dams rivers ++ aquatic environment 1-10 years district to region
lakes + most uses

groundwater ++

+ Serious issue on a global scale
++ Very serious issue on a global scale

Pollutants of many kinds eventually find their way into water bodies at all levels. Although it may take some years for problems to become evident, poor water quality affects both human health and ecosystem
health.

Source: WHO/UNEP, 1991.

contaminated as a result of leakage from storage tanks, mine tailings
and accidental spillages (Herbert and Kovar, 1998). This contamination
highlights the dimension of time; because groundwater systems are
almost impossible to cleanse and many contaminants are persistent
and remain a hazard for long periods even at low concentrations.
There are also parts of the world where naturally occurring trace
elements are present in groundwater, the most prevalent being arsenic
and fluoride. These cause serious health effects. Indeed, health is an
important factor in many of the world's major water quality problems
listed by WHO/UNEP (1991) (see table 4.9).

Arsenic is widely distributed throughout the earth's crust: it
occurs in groundwater through the dissolution of minerals and ores.
Long-term exposure to arsenic via drinking water causes cancer of

the skin, lungs, urinary bladder and kidney, as well as other effects on
skin such as pigmentation changes and thickening. Cancer is a late
expression of this exposure and usually takes more than ten years to
develop. A recent study (BGS and DPHE, 2001) suggests that
Bangladesh is grappling with the largest mass 'poisoning’ in history,
potentially affecting between 35 and 77 million of the country's
130 million inhabitants. Similar problems with excessive
concentrations of arsenic in drinking water occur in @ number of
other countries. Excessive amounts of fluoride in drinking water can
also be toxic. Discoloration of teeth occurs worldwide, but crippling
skeletal effects caused by long-term ingestion of large amounts are
prominent in at least eight countries, including China where 30 million
people suffer from chronic fluorosis. The preferred remedy is to find
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a supply of drinking water with safe levels of arsenic and fluoride
but removal of the concentrations may be the only solution.

Organic material from domestic sewage, municipal waste and
agro-industrial effluent is the most widespread pollutant globally
(UNEP, 1991). It is discharged untreated into rivers, lakes and
aquifers, particularly in the more densely populated parts of Asia,
Africa and South America and to a varying extent around certain
urban centres over the remainder of the world. Its volume has risen
over the last hundred years and this rise is likely to continue into the
future as the pace of development accelerates. It contains faecal
materials, some infected by pathogens, which lead to increased rates
of morbidity and mortality among populations using the water.

This organic material also has high concentrations of nutrients,
particularly nitrogen and phosphorus, which cause eutrophication of
lakes and reservoirs, promoting abnormal plant growth and depleting
oxygen. Nitrogen levels have also risen because of the increased use
of nitrogenous fertilizers in agriculture, in both developed and
developing countries. There is concern because nitrate concentrations
in large numbers of sources of surface water and groundwater exceed
the WHO guideline of 10 milligrams per litre. In many parts of the
world trends in many heavy metal concentrations in river water have
risen due to leaching from waste dumps, mine drainage and melting,
to the extent that they can reach five to ten times the natural
background level (Meybeck, 1998). Concentrations of organic
micropollutants from the use of pesticides, industrial solvents and like
materials have also increased. There is anxiety about the health
effects of these and other pollutants, but the consequences of
exposure to these substances is often not clear.

For the developed world, acidification of surface water was a
serious problem in the 1960s and 1970s, particularly in Scandinavia,
western and central Europe and in the north-east of North America,
but since then sulphur emissions have decreased and the acid rain
problem has diminished. The main impact was on aquatic life which
generally cannot survive with pH levels below 5, but there are also
health problems because higher acidity raises concentrations of
metals in drinking water. Acidification is likely to continue in
countries and regions with increasing industrialization, such as India
and China.

For the developing world, increasing salinity is a serious form of
water pollution. Poor drainage, fine grain size and high evaporation
rates tend to concentrate salts in the soils of irrigated areas in arid
and semi-arid regions. Salinity affects large areas, some to a limited
extent, others more severely. In some cases natural salinity is
mobilized from the landscape by the clearance of vegetation for
agriculture and the increased infiltration this may cause.
Shiklomanov (forthcoming) estimates that some 30 percent of the
world's irrigated area suffers from salinity problems and remediation
is seen to be very costly (Foster et al., 2000).

Most rivers carry sediment in the form of suspended load and
bed load, in some cases the latter is charged with metals and other
toxic materials (see map 4.5). This sediment load is adjusted to the
flow regime of the river over time, and changes to this regime
accompanied by increases or decreases in the load can cause
problems downstream. These include the progressive reduction of
reservoir volumes by siltation, the scouring of river channels and
the deposition of sediment in them, threatening flood protection
measures, fisheries and other forms of aquatic life. River diversions,
including dams, can produce some of these effects on sediment, but
in addition they may alter the chemical and biological characteristics
of rivers, to the detriment of native species. The world total of
suspended sediment transported to the oceans is reported to be as
high as 51.1 billion tons per year (Walling and Webb, 1996).

Despite regional and global efforts to improve the situation
since the 1970s, knowledge of water quality is still incomplete,
particularly for toxic substances and heavy metals (Meybeck, 1998).
In addition, there appear to be no estimates of the world total
volume of polluted surface water and groundwater, nor the severity
of this pollution. Shiklomanov (forthcoming) provides estimates of
the volume of wastewater produced by each continent, which
together gave a global total in excess of 1,500 km3 for 1995. Then
there is the contention that each litre of wastewater pollutes at
least 8 litres of freshwater, so that on this basis some 12,000 km3
of the globe's water resources is not available for use. If this figure
keeps pace with population growth, then with an anticipated
population of 9 billion by 2050, the world's water resources would
be reduced by some 18,000 km?3.

Human impacts on water resources

Preceding paragraphs have discussed various aspects of the
influence of human activities on the hydrological cycle and on water
resources. In turn there are also those aspects of land use which
influence the hydrological cycle. Wetlands, for example, can have
profound effects, many beneficial to humankind, including flood
storage, low flow maintenance, nutrient cycling and pollutant
trapping (Acreman, 2000). This view forms a key component of the
policies stemming from the Convention on Wetlands (Davis, 1993)
and those of many national initiatives, some concerned with the
economic value of wetlands (Laurans et al., 1996).

Studies of the hydrological impacts of changing land use have a
long and well documented history (Swanson et al., 1987; Blackie et
al., 1980; Rodda, 1976; Sopper and Lull, 1967). The techniques
comprising the paired basin approach were developed in Switzerland
in the 1890s, with subsequent research following in Japan and the
United States between 1910 and 1930. Similar basins, usually small
and contiguous with the same land use, were instrumented in order
to measure their water balances to quantify the effects of change,
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Map 4.5: Sediment load by basin
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Changes in sediment yield reflect changes in basin conditions, including climate, soils, erosion rates, vegetation, topography and land use. It is influenced strongly by human actions,
such as in the construction of dams and levees (see high sediment load in China and the Amazon basin, where large dams have been implemented), forest harvesting and farming

in drainage basins.

Source: Syvitski and Morehead, 1999.

particularly with respect to runoff. After a calibration period, land
use was altered in one basin and the differences in the hydrological
behaviour of the pair were quantified during the ensuing period.
Clear-cutting of forest, the effects of fire, different cropping
practices, grazing and afforestation were among the changes
studied. Coweeta in the United States, Valdai in Russia and
Jonkershoek in South Africa were among those locations where
these experiments were launched in the 1920s and 1930s.

A large number of studies of this type were started in different
parts of the world in the 1950s and 1960s and the majority
contributed to the programme on representative and experimental
basins, which formed a prominent part of the International
Hydrological Decade (IHD, 1965-74) of UNESCO. Research practice
was strengthened (Toebes and Ouryvaev, 1970) and results
compared (IAHS/UNESCO, 1970) and as time went on, greater
interest was given to water quality matters. The results from many
representative and experimental basins were harnessed to the
FRIEND Programme, to gain better knowledge of the effects of
human activities on the hydrological cycle on a regional scale and to
upgrade the assessment of water resources. The European Network
of Experimental and Representative Basins (ERB), which was

launched in 1986, developed a study of methods of hydrological
basin comparison (Robinson, 1993). Maksimovic (1996) provided a
review of methods for investigating urban hydrology. At the start of
the twenty-first century with the IHP broadened towards the social,
political and environmental dimensions of water and water
resources, it is fitting that the Hydrology, Environment, Life and
Policy Programme (HELP) is returning to a network of selected river
basins across the world as the basis for their study.

There are some global overviews of the results from these
various studies of representative and experimental basins, for
example in Falkenmark and Chapman (1989), but few recent
publications. One reason may be that conditions vary to such an
extent that the conclusions from one set of basin studies may not
hold in another set sited in a different climatic zone. There is also
the problem that there are many results for temperate latitudes and
relatively few for other regions of the globe, despite increased
attention to key regions such as the humid tropics (Bonell et al.,
1993). Nevertheless, Ellis (1999) summarized the findings of fifty-
two studies mainly concerned with the impact of urban areas on the
hydrological cycle. He concluded that:
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= infiltration and recharge to aquifer systems are reduced and
surface runoff is increased in both volume and rate due to
growth in the impermeable surface areas leading to increased
downstream flooding;

= declining water levels and land subsidence may occur due to
groundwater mining;

= pollutant loads to water courses and surface water bodies
increase from surface runoff and sewage outfalls especially
during storms in urban areas;

= leakage to groundwater occurs from old and poorly maintained
sewers;

= extensive soil and groundwater are contaminated by industrial
leakages, spills of hazardous industrial chemicals and poorly
planned solid and liquid waste disposal practices;

= increased artificial surface water infiltration and recharge from
source control devices lead to poor groundwater quality; and

= habitats and the diversity of species are reduced in receiving waters.

Hibbert (1967) surveyed the results from thirty-nine studies, mainly
in the United States, on the effects of altering the forest cover on
basin water yield. He showed, in general, that reduction in forest
area increases yield and that reforestation decreases yield. The
increase was a maximum in the first year of complete felling, with
an upper limit equivalent to a depth of 4.5 mm a year for each
percent reduction in forest cover. As the forest regrows, the
increased streamflow declines in proportion to the rate of forest
recovery. Dunne and Leopold (1978) reached similar conclusions
from these and other findings and added that the effect of reducing
forest cover may be far less important in arid regions. Results from
ninety-four paired basin studies in different parts of the world were
reported by Bosch and Hewlett (1982). They found that for pine
and eucalyptus forest there was an average of 40 mm change in
yield per 10 percent change in cover, while the corresponding
figures for hardwood and scrub were 25 and 10 percent. Later
research has generally agreed with these results, but the emphasis
has switched from relatively simple studies of water quantity to
those of the processes involved (Kirby et al., 1991), including basin
hydrobiogeochemistry, in attempts to understand the mechanisms in
operation. But it seems that the further the functioning of a basin
is unravelled, the more complex and detailed the processes appear
and the greater the number of questions and uncertainties
generated (Neal, 1997).

Desalinated water resources

With population growth and concerns about water scarcity growing,
several countries, especially in the Near East region, are developing
desalination plants to convert saline water (e.g. sea-water, brackish
water or treated wastewater) into freshwater.

The deterioration of existing groundwater resources, combined
with the dramatic decline in costs, has given new impetus to this
old technology, once considered an expensive luxury. The global
market for desalination currently stands at about USS$35 billion
annually, and could double over the next fifteen years.

The process of desalting has a great deal to contribute to
relatively small-scale plants providing high-cost water for domestic
consumption in water-deficient regions. For irrigation, however,
costs do constitute a major constraint. Therefore, except in extreme
situations, desalinated seawater has not been used for irrigation,
and the contribution of desalinated seawater on a global scale to
total resource availability is very small.

In 2002 there were about 12,500 desalination plants around the
world in 120 countries. They produce some 14 million m3/day of
freshwater, which is less than 1 percent of total world consumption.
The most important users are in the Near East (about 70 percent of
worldwide capacity) - mainly Saudi Arabia, Kuwait, the United Arab
Emirates, Qatar and Bahrain - and North Africa (6 percent), mainly
Libya and Algeria. Among industrialized countries, the United States
(6.5 percent) is a big user (in California and parts of Florida). Most
of the other countries have less than 1 percent of worldwide
capacity. It is expected that the demand for desalinated seawater will
increase in those countries that already apply this option, and will
also appear in other regions and countries as their less expensive
supply alternatives become exhausted. However, safe disposal of
generally toxic chemical by-product of desalination is still a concern.

Among the various desalination processes, the following are the
most interesting for large-scale water production: Reverse Osmosis
(RO), Multi-Effect Distillation (MED) and Multi-stage Flash Distillation
(MSF). The latter is used mainly in the oil producing countries of the
Middle East. Currently, RO offers the most favourable prospects, as it
requires less energy and investment than other technologies. A lot of
energy is needed to desalinate water, although the form and amount
of energy input depends on the process used. For RO, for example,
about 6 kilowatts per hour (kWh) of electricity is required for each m3
of drinking water produced. For distillation processes such as MED
and MSF, the energy input is mainly in the form of heat (70°C to
130°C hot water or steam). For MED, specific heat consumption is in
the range of 25-200 KWh/m3 and for MSF, 80-150 kWh/m?3.

Gulf States such as Saudi Arabia, the United Arab Emirates and
Kuwait use dual-purpose power and desalination plants on a grand
scale. Jordan, Israel and the Palestinian Authority are increasingly
seeing a viable and economic solution to ensuring future water
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supplies in desalted water. The North African sea resort of Tunis is
investigating this alternative to major water transport schemes.
Despite the costs, desalination plants are currently underway in
Italy, Spain, Cyprus, Malta, South Africa, Algeria, Morocco, the
Canary Islands, the Republic of Korea and the Philippines. In western
America, where drought and water shortages are common
occurrences, cities such as Santa Barbara in California are investing
alongside water utilities to supplement their drinking water supply
with desalinated water.

The Regional Dimension’

An examination of the state of freshwater resources at the
continental level reveals clear disparities that a global examination
can hide, since it is based on averages. In order to get an unbiased
view of the global state of freshwater resources, it is therefore
important to address this regional dimension of the overall picture.
In turn, this regional and global appreciation is not complete
without being informed by data from the local level, such as those
provided in the case studies section of this report.

Africa

The African continent occupies an area of 30.1 million km? spanning the
equator. It has a rapidly growing population of well over 700 million,
many living in some of the world's least developed countries. The
hydrological network is also the world's least developed with sparse
coverage and short fragmentary records, except for the Nile Basin and
in certain countries in the north and south of the continent. Most of
Africa is composed of hard Precambrian rocks forming a platform with
some mountainous areas, mainly on the fringes of the continent and
where the rift valley crosses east Africa. The climate is much more
varied than the relief with the hottest of deserts and the most humid
of jungles - the amount and distribution of precipitation in space and
time being paramount. Annual totals vary from 20 mm a year over
much of the vastness of the Sahara to 5,000 mm towards the mouth
of the Niger (see map 4.2 showing mean annual precipitation). With
large amounts of solar radiation and high temperatures, African
evaporation rates are high. The deserts that cover about one third of
the continent in the north and south have little surface water but large
volumes of groundwater. The Congo (central Africa) is the world's
second largest river and the Nile the longest (6,670 km), but the
Orange (South Africa), Zambesi (southern Africa), Niger and Senegal
(West Africa) rivers are also important. The average annual flow from
Africa for the 1921-1985 period was about 4,000 km3. Many of the

2. This section draws heavily on Shiklomanov (forthcoming) and on the expertise of the
UNESCO Regional Hydrology Advisers.

rivers have a considerable hydropower potential that is already
exploited by certain dams and power plants such as those at Kariba
(Zambia) and Aswan (Egypt). These schemes have aided development
but some have serious hydroecological and social effects. Parts of the
large areas under irrigation suffer from high water tables and
increased salinity. Over the past ten years, Africa has experienced
nearly one-third of all water-related disaster events (in this case,
floods and droughts) that have occurred worldwide, with nearly 135
million people affected (80 percent by drought).

Asia
The Asian continent has an area of 43.5 million km? occupying one
third of the land surface of the globe and supports a population of
3,445 million people. It is a continent of great contrasts - contrasts
in relief, climate, water resources, population density and standard
of living, for example. There are also contrasts in the hydrological
network: countries fringing the Pacific and Indian Oceans, such as
Japan and Malaysia, have networks with high levels of capability and
they contrast with those towards the centre of the continent where
networks are generally deficient. Asia's geology and relief are very
complicated and the climate is extremely varied, the monsoon
dominating the south and east. Climatic differences are intensified
by high mountain chains and plateaux, disrupting the pattern of
precipitation that, in general, decreases from south to north and
from east to west (see map 4.2 on mean annual precipitation).
High rates of evaporation occur across the southern half of the
continent with areas of desert in the west and centre. Some of the
world's largest rivers drain Asia to the Arctic, Pacific and Indian
Oceans (see table 4.7): the Ganges and the Brahmaputra (India);
Yangtze (China); Yenisey, Lena, Ob, Amur (Russian Federation); and
Mekong (South-East Asia) for example, but there are large areas
draining to the Aral and Caspian Seas and further areas of inland
drainage in western China. The mean annual runoff from Asia for the
period 1921 to 1985 is estimated to be 13,500 km3, about half of
which originated in South-East Asia, in contrast to the Arabian
Peninsula with an estimated 7 km3. There are large aquifers and many
lakes in Asia, such as Lake Baikal in the Russian Federation. China,
India, Russia and Pakistan have a large number of reservoirs, primarily
used for irrigation. The continent faces serious flood problems and
sedimentation problems, particularly in China, as well as pollution of
surface water and groundwater in densely populated areas. However,
the water problems of the basin of the Aral Sea are the most acute.

Europe

Occupying an area of 10.46 million km2, Europe is one of the world's
most densely populated and developed regions. It has a dense
hydrological network containing a number of stations with 200 years
or more of records. This network is best developed in the west and
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least in the east of the continent. Precipitation, in general, increases
westwards to the Atlantic rim from about 400 mm in Russia and
Poland to over 4,000 mm a year in Norway and Scotland (see map 4.2
on mean annual precipitation). It also increases with altitude such as
in the Alps. However, parts of the south, Spain and Italy, for example,
receive low rainfall amounts and experience high rates of evaporation
that cause water resource problems. Although there are some large
rivers, such as the Volga (250 km3), the Danube (225 km3) and the
Rhine (86 km3), the majority are relatively small, many with steep
courses. The mean annual runoff from Europe, for the period of 1921
to 1985, is estimated at 2,900 km3 per year, most from northern
Europe and least from the southern part of eastern Europe. The
number of lakes and reservoirs is large and there are extensive
aquifers. Over the last 200 years, industry, energy generation,
agriculture and urban development have changed the pattern of runoff
from the continent and altered its quality characteristics. Many rivers
and lakes were badly polluted by discharges of untreated sewage,
mine wastes and agricultural effluents.

Latin America and the Caribbean
South America has an area of 17.9 million km? and a population of
less than 400 million, about 6 percent of the world total, but produces
about 26 percent of the world's water resources. It has a modern
hydrological network with 6,000 or so stations, some with records
longer than fifty years. Precipitation averages over South America are
about 1,600 mm a year, with a mean of about 2,400 mm across the
Amazon basin. Totals can be as low as 20 mm a year in the Atacama
Desert and over 4,000 mm in the Andes in southern Chile. Evaporation
rates are high across much of the continent, and with the variability of
the precipitation in certain areas, such as north-east Brazil, drought
can be a frequent problem. The Amazon is the world's largest river,
but the Rio de la Plata, Orinoco, San Francisco and Paranaiba rivers are
also very important. The average runoff from South America for the
1921-1985 period was calculated to be about 12,000 km? per year.
There are large and productive aquifers, lakes and reservoirs, but the
high density of population in certain areas and the untreated sewage
resulting causes water pollution problems and there are similar
problems due to agricultural effluents and mine wastes in some parts.
Central America has a surface area of 807,000 km? and a
population of 35 million. Various factors have put substantial
pressure on the water resources, in spite of their abundance. The
annual per capita water availability exceeds 3,000 m3/year, but
only 42 percent of the rural population and 87 percent of the
urban population have access to drinking water. Two thirds of the
population live in areas with drainage to the Pacific ocean, while
30 percent of its water discharges into this water body. The other
third of the population is located in the Caribbean basin, which
generates 70 percent of the ‘isthmus’ water. This uneven

distribution puts stress on the region's water resources.

The Caribbean has a surface area of 269,000 km2. Countries
differ in size, population and economic conditions. The temperature
varies between 24°C in February and 31°C in August, also
presenting a wide rainfall variation throughout the region, from
500 mm/year in the Netherlands Antilles to 7,700 mm/year in the
Dominican Republic.

The region has sufficient water but the availability of safe water
is becoming a major socio-economic issue. Population growth has
notably increased water demand. Water quality is a generalized
issue in the region due to the degradation caused by agricultural
toxic substances and the mismanagement of solid waste as well as
mining and industrial activities.

North America

North America, including its adjacent islands to the north and south,
has an area of 24.25 million km? and a population of some

450 million, more than half living in the highly developed United
States and Canada. These countries have the most advanced
hydrological networks of the world, with routine use made of radar
and satellite data. The relatively simple structure of the continent, with
high mountains in the western third and vast plains extending to the
east towards lower mountains, allows the arctic and the tropics to
influence the climate through their weather extremes - the hurricanes,
for example, which track across the south. Precipitation roughly follows
the same pattern as the relief. Along the Pacific rim rainfall can reach
3,000 mm and more at higher altitudes; considerable variations occur
within the western mountains and plateaux, while annual totals of
between 500 and 1,500 mm occur eastwards. To the south there are
very dry areas shared by Mexico and the United States. The north is
dominated by the Great Lakes and a large number of others, while
there are many reservoirs and extensive aquifers over much of the
continent. The Mississippi-Missouri is the principal river system
followed by the St. Lawrence, Mackenzie, Columbia and Colorado.
These rivers and the multitude of smaller ones carried an annual
average of runoff of about 7,900 km? to the surrounding seas over
the period from 1921 to 1985. Throughout the nineteenth and
twentieth centuries, human activities considerably changed the natural
pattern of runoff in the majority of drainage basins and the position of
the water table in many aquifers. The flow in most rivers is regulated,
while numerous abstractions and discharges are made for a variety of
different purposes. Large interbasin transfers take place in Canada to
assist power generation. Agriculture, particularly irrigated agriculture in
the west, causes resource problems and pollution arises from industry
and mine wastes. There have been serious flood problems in the
Mississippi basin in recent years and there are recurring floods in
countries fringing the Caribbean in the wake of hurricanes.
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Oceania

Australia is the smallest continent with an area of 7.6 million km?
and a population approaching 20 million. However, the islands of
Tasmania and New Guinea, those of New Zealand and those
comprising the remainder of Oceania add a further 1.27 million km?
and some 10 million additional people. Australia and New Zealand
are developed countries with advanced hydrological networks but
they are less advanced over the rest of the region. Australia is a
large ancient plateau, raised along its eastern fringe, but the
structure and geology of much of the remainder of Oceania is more
varied and recent. Australia is the driest continent with a mean
annual precipitation of 200 to 300 mm over much of the country,
with totals rising to 1,200 mm and more along the eastern fringe
and to 1,000 mm in the south-west corner. By way of contrast,
many of the islands have much higher rainfalls: for example along
the west coast of New Zealand's South Island 5,000 mm a vyear is
recorded. Evaporation rates are high over Australia and over the rest
of the region. The rivers of Oceania are short and fast-flowing and
produce an average annual runoff of about 2,000 km3. The average
runoff from Australia is only some 350 km3 a year: except for the
Murray Darling, most of the rivers are short and drain the eastern
coast. There are considerable quantities of groundwater, but there
are problems of salinity, some induced by irrigation. There are
relatively few lakes in Australia and many of them are ephemeral.

Conclusions

The natural water cycle is spatially and temporally complex. Humans
require a stable water supply and have developed water engineering
strategies dating back several thousands of years. Anthropogenic
control of continental runoff is now global in scope. Increasingly,
humans are a significant actor in the global hydrological cycle, defining
the nature of both the physics and chemistry of hydrosystems. Runoff
distortion through water engineering and land management will
complicate our ability to identify climate change impacts on water
systems and, hence, seriously affect water supplies. Pressure on inland
water systems is likely to increase, together with population growth,
economic development and potential climate change. Critical
challenges lie ahead in coping with progressive water shortages, water
pollution and our slow movement forward in providing universal
supplies of clean water and sanitation. The situation is paradoxical:
although we have succeeded in meeting certain challenges, the
solutions have, in most cases, also created new problems.

Significant progress has been made in establishing the nature
of water in its interaction with the biotic and abiotic environment.
Eco-hydrology, dealing with ecologically sound water management
and the functioning of ecosystems, is rapidly becoming a very active

discipline. The results gained from understanding the basic
hydrological processes have played a considerable part to date in
the successful harnessing of water resources to the needs of
humankind, reducing risks from extremes and so on. Our modelling
capability has significantly improved with the rapid advances in
computing and GIS technologies. As a result, estimates of climate
change impacts on water resources are improving.

However, there are still many uncontrolled or unknown
elements that hinder understanding, such as the following.

= Variability in space and time:

o On the surface and on large spatial scales, there are huge
contrasts between the very dry deserts and the rain forests;
on smaller spatial scales, contrasts exist between one side of
a mountain range and the other, e.g. the south and north
flanks of the Himalayan mountains. There is variability too in
the availability of groundwater, some areas having ready
access to plentiful supplies, other areas being almost devoid
of easily accessible and renewable groundwater resources.

o On time scales from hours to decades, there is often high
variability, from high-intensity precipitation events of short
duration, through marked differences between seasons in
precipitation to interannual and interdecadal variation. The
evidence is that all these types of variability are becoming
more intense as climate changes.

= Llack of adequate database and data collection in various parts of
the world is now well established since Agenda 21. In spite of
progress in some national water data infrastructure, our ability to
describe status and trends of global water resources is declining.
We still do not know the behaviour of some of the hydrological
parameters in the humid tropics, highlands and flatlands, so the
need for research and capacity-building is both relevant and
important.
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Global Precipitation Climatology Centre (GPCC)
http://www.dwd.de/research/gpcc/

Global precipitation analyses for investigation of the earth's climate.

United Nations Educational, Scientific and Cultural Organization (UNESCO): International Hydrological Programme (IHP)

http://www.unesco.org/water/ihp/

UNESCO intergovernmental scientific programme in water resources.

United Nations Environment Programme (UNEP): Freshwater Portal

http://freshwater.unep.net
Information on key issues of the water situation.

United Nations Environment Programme (UNEP): Global Environment Monitoring System (GEMS/WATER)
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A multifaceted water science programme oriented towards understanding freshwater quality issues throughout the world. Major activities

include monitoring, assessment and capacity-building.

3. These sites were last accessed on 19 December 2002.
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World Meteorological Organization (WMO): Global Runoff Data Centre (GRDC)
http://www.bafg.de/grdc.htm
Collection and dissemination of river discharge data on a global scale.

World Meteorological Organization (WMO): Hydrology and Water resources Programme
http://www.wmo.ch/web/homs/
Collection and analysis of hydrological data as a basis for assessing and managing freshwater resources.

World Meteorological Organization (WMO): World Climate research Programme (WCRP)
http://www.wmo.ch/web/wcrp/wcrp-home. html
Studies of the global atmosphere, oceans, sea and land ice, and the land surface which together constitute the earth's physical climate system.

World Meteorological Organization (WMO): World Hydrological Observing System (WHYCOS)
http://www.wmo.ch/web/homs/projects/whycos.html
Global network of national hydrological observatories.

World Water Assessment Programme / United Nations Educational, Scientific and Cultural Organization
(WWAP/UNESCO): Water Portal

http://www.unesco.org/water/

A new initiative for accessing and sharing water data and information from all over the world.
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It is in the context of a global water crisis,
informed by the intricate nature of the water
cycle, that we begin our assessment of the
challenge areas. Just as our definitions of what
constitute basic needs have expanded to
encompass a fuller understanding of human
development and the natural environment, so
must our evaluation reflect these changing
expectations.

This section explores the ways in which we
use water and the increasing demands we are
placing on the resource. Signs of stress and
strain are apparent across every sector: health,
ecosystems, cities, food, industry and energy.
As the following chapters show, with
population growth and continuing pollution,
these pressures are likely to increase. Our only
hope is to learn to accommodate the
competing uses and users in an equitable and

responsible manner.
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Arabic proverb

N WEALTHIER PARTS OF THE WORLD, the connection between

water, hygiene and health is taken for granted. But for the less

fortunate majority, access to clean and adequate water is a daily
struggle. This chapter describes why water supply and sanitation are
essential for meeting basic needs, yet also underlines the terrible costs
to society if broader conditions of physical, mental and social well-
being are not factored into the health and human development
equation as well. The importance of promoting and protecting health
has risen to the top of the political agenda and much progress has been
made. However, millions are still deprived of a basic human right and

huge challenges remain in fulfilling the numerous promises made.
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Every day, diarrhoeal diseases cause an estimated 5,483 deaths, mostly among children under five. The World Health
Organization (WHO) global estimate of the number of deaths from infectious diarrhoeas in the year 2001 amounts
to 2 million for all age groups, with a heavy toll among children under five: an estimated 1.4 million deaths.

Similar WHO estimates indicate that malaria kills over a million
people every year, and a large percentage of them are under five as
well, mainly in Africa south of the Sahara. Worldwide, over 2 billion
people are infected with schistosomes and soil-transmitted
helminths and 300 million of these suffer serious illness as a result.
In Bangladesh alone, some 35 million people are exposed, on a daily
basis, to elevated levels of arsenic in their drinking water, which will
ultimately threaten their health and shorten their life expectancy.

These absolute numbers are dramatic in their own right. They
stand out against a much larger cluster of water-associated ill-
health; for example, certain malignant tumours with a suspected
link to long-term exposure to pollutants in water, for which the
fractional attribution to specific determinants still needs to be firmly
established. The cluster of ill-health is even more insidious in its
impact on the economics of countries and on livelihoods at the
household level. Water-associated diseases hit the poor in a
disproportionate way and this burden of ill-health maintains the
vicious cycle in which poverty leads to more ill-health, and more ill-
health implies further impoverishment.

Water, sanitation and hygiene are three intertwined determinants
of the water/ill-health/poverty spectrum, with hygiene to be
considered in its broadest sense, including environmental as well as
personal hygiene. The associated burden of disease is not only felt in
the world today, it also affects the potential of future generations. The
most important category of personal hygiene-related diseases affecting
school-age children is intestinal helminth infections. These parasites
consume nutrients, aggravate malnutrition, retard children's physical
development and result in poor school attendance and performance.
The outlook is bleak. Helminth infections destroy the well-being and
learning potential of millions of children. Each year 19.5 million people
are infected with roundworm and whipworm alone, with the highest
rate of infection among school-age children. Schistosomiasis (bilharzia)
is also a young people's disease; an estimated 118.9 million children
under fifteen years are infected.

The full picture of water-associated ill-health is complex for a
number of reasons. As stated, the burden of several disease groups
can only partly be attributed to water determinants. This holds true
even for diseases whose link to water at first sight may seem
obvious and exclusive. Infectious diarrhoeas for example, are in part
food-borne. For the part that is water-borne, there may be
numerous exposure routes, operating in combinations that are often

location specific and may change over time. These multiple
transmission pathways may be synergistically or antagonistically
linked. Where water plays an essential role in the ecology of
diseases, it may be hard to pinpoint the relative importance of
aquatic components of the local ecosystem. And, when it comes to
disease prevention and control, there are methodological obstacles
to a cost-effectiveness analysis of health sector versus water
management interventions that will satisfy all parties concerned.

The diseases and conditions of ill-health directly associated with
water, sanitation and hygiene include infectious diarrhoea (which, in
turn, includes cholera [see box 5.1], salmonellosis, shigellosis,

Cholera, caused by a variety of strains of the bacterium Vibrio
cholerae, remains a global threat and a challenge to countries
where access to safe drinking water and basic sanitation
cannot be ensured for all. In 2001, fifty-eight countries from all
regions of the world officially reported to the WHO a total of
184,311 cases and 27,728 deaths. Compared to the year 2000
the case fatality rate (CFR) dropped from 3.6 to 1.48 percent.
This drop can be attributed almost entirely to the extremely low
CFR of 0.22 percent in the cholera outbreak in South Africa
which accounted for 58 percent of the global total of reported
cases. Leaving aside the South African outbreak, the CFR
diminished only slightly to 3.21 percent from 3.9 percent in
2000. With a total of 173,359 cases, Africa accounted for

94 percent of the global total of cholera cases. Case numbers
reported from Asia remained stable (around 10,000), while an
important decline was observed in the Americas.

Despite efforts by many countries to contain the spread
of cholera, the disease is once more on the rise worldwide.
Officially notified cases do not reflect the overall burden of
the disease, because of underreporting, trade-related
sanctions and other limitations in the surveillance and
reporting system.

Source: WHO, 2002c.
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amoebiasis and a number of other protozoal and viral infections),
typhoid and paratyphoid fevers, acute hepatitis A, acute hepatitis E
and F, fluorosis, arsenicosis, legionellosis, methaemoglobinaemia,
schistosomiasis, trachoma, intestinal helminth infections (including
ascariasis, trichuriasis and hookworm infection), dracunculiasis,
scabies, dengue, the filariases (including lymphatic filariasis and
onchocerciasis), malaria, Japanese encephalitis, West Nile virus
infection, yellow fever and impetigo.

Yet there are also indications of water quality, quantity and/or
hygiene links to conditions as diverse as ischemic heart disease or
malignant bladder tumours. Unintentional drowning is @ major cause
of death in the category of accidents and injuries, and that same
category also includes the permanent skeletal damage caused to
women from carrying heavy loads of water over long distances day
after day.

An extensive debate took place in the 1980s on the issues
surrounding the economic impact of ill-health, the ways in which
the health sector should let economics influence decision-making
and the use of its limited resources for interventions, and the
transfer of hidden costs to the health sector resulting from
development projects with adverse health impacts. This health-
economics debate led to the development of a number of new
indicators linking the costs of interventions to health outcomes in
terms of quality of life and well-being, while striving for greater
equity. The 1993 World Development Report, with the theme
Investing in Health (World Bank, 1993) formally introduced a new
indicator of population health, the Disability-Adjusted Life Year
(DALY).

The DALY is a summary measure of population health. One DALY
represents a lost year of healthy life and is used to estimate the
gap between the current health of a population and an ideal
situation where everyone in that population would live into old age
in full health. For each disease DALYs are calculated, on a
population scale, as the sum of years lost due to premature
mortality (YLL) and the healthy years lost due to disability (YLD) for
incident cases of the ill-health condition (WHO, 2002e).

Within the context of the health sector, DALYs are used to estimate
the burden caused by specific diseases, injuries and risk factors.
Burden of disease estimates are used as a decision-making criterion to
choose between the deployment of such disparate interventions as, for
example, a measles vaccination campaign and indoor residual spraying
for malaria control. Now that the effect of interventions can be
expressed in fully comparable units it has become possible to establish
the relative cost-effectiveness of each intervention. The WHO reports
on the status of world health every year with global burden of disease
estimates as the main statistics.

The mortality and burden of disease estimates for the year 2001
for some water-associated infectious diseases and for drowning are
presented in table 5.1. The causes of death have been estimated
based on data from national vital registration systems that capture
about 17 million deaths annually. In addition, information from sample
registration systems, population laboratories and epidemiological
analyses of specific conditions has been used to improve the
estimates. These figures illustrate how the extended debilitating
nature of some diseases reflects in the burden they cause (e.g.
lymphatic filariasis); they also indicate where major reductions in
disease burden can be achieved beyond a strict reduction in mortality.

The definition of health as contained in the 1948 Constitution of
WHO has withstood the ravages of time: 'Health is a complete state
of physical, mental and social well-being, and not merely the
absence of disease and infirmity." Certainly, having one's basic
needs in terms of water met and being able to rely on a sustainable
livelihood are crucial elements of social well-being, and contribute
substantially to physical and mental well-being as well. From here
on, however, the issue becomes more complex. Water and health
are intricately linked. A workable public health perspective of all
water issues requires a clear definition of the nature and magnitude
of the links between the two.

There are basically two types of links, which facilitate the
elucidation of cause-effect relationships between water management
issues and impacts on health: water as the conveyance medium of
pathogens (disease-causing organisms), and water providing the
habitat for vectors and intermediate hosts of pathogens (for species
that produce or maintain pathogens). Water plays a conveyance role
for micro-organisms, chemical pollutants and sources of radiological
risks. The importance of this role for health relates mainly to drinking
water, but also indirectly to water applied to food crops and
livestock, and through aerosols generated by air conditioning
systems. This role alters to a health-promoting mechanism when
water is used for purposes of hygiene: from this perspective,
quantity is a more important determining factor than quality.

Aquatic ecosystems serve as breeding habitats for insect vectors
of diseases and for snails that serve as intermediate hosts in the
transmission cycle of certain parasitic diseases. These ecosystems
can be permanent, with wetland areas as the most obvious
example, or seasonal, linked to local weather patterns.

Lack of adequate sanitation is the most critical determinant of
contamination of drinking water with micro-organisms. Pollution
from urban and industrial waste and runoff of agrochemicals is by
and large responsible for chemical contamination, although naturally
occurring anorganic pollutants (fluor and arsenic) may also
contribute substantially. Wastewater use in agricultural production




104 / CHALLENGES TO LIFE AND WELL-BEING

Table 5.1: Some water-associated diseases by cause and sex, estimates for 2001

Deaths (in thousands) Burden of disease (in thousands)
Both sexes Males Females Both sexes Males Females
number % number % number % number % number % number %
Total burden of 1,467,183 100 768,064 100 699,119 100
disease (000s of DALYs)
Total deaths (000s) 56,552 100 29,626 100 26,926 100
Communicable 18,374 325 9,529 322 8,846 329 615,737 420 304,269 396 311.468 446
diseases, maternal
and perinatal
conditions and
nutritional
deficiencies overall
Infectious and 10,937 19.3 5.875 19.8 5,063 18.8 359,377 24.5 184,997 241 174,380 24.9
parasitic diseases
altogether
Diarrhoeal diseases 2,001 3B 1,035 3B 966 36 62,451 43 31,633 4.1 30,818 44
Malaria 1,123 20 532 18 591 22 42,280 29 20,024 26 22,256 32
Schistosomiasis 15 0.0 " 0.0 ® 0.0 1,760 0.1 1,081 0.1 678 0.1
Lymphatic filariasis 0 0.0 0 0.0 0 0.0 5,644 0.4 4,316 0.6 1,327 02
Onchocerciasis 0 0.0 0 0.0 0 0.0 987 0.1 571 0.1 416 0.1
Dengue 21 0.0 10 0.0 11 0.0 653 0.0 287 0.0 365 0.0
Japanese encephalitis 15 0.0 8 0.0 8 0.0 767 0.1 367 0.0 400 0.1
Trachoma 0 0.0 0 0.0 0 0.0 3,997 0.3 1,082 0.1 2,915 0.4
Intestinal nematode 12 0.0 6 0.0 ® 0.0 4,706 0.3 2410 0.3 2,296 0.3
infections
Ascariasis 4 0.0 2 0.0 2 0.0 1,181 0.1 604 0.1 577 0.1
Trichuriasis 2 0.0 1 0.0 1 0.0 1,649 0.1 849 0.1 800 0.1
Hookworm infection 4 0.0 2 0.0 2 0.0 1,825 0.1 932 0.1 893 0.1
Unintentional injuries 3,508 6.2 2,251 76 1,256 47 129,853 8.9 82,378 10.7 47,475 6.8
overall
Drowning 402 0.7 276 1.0 126 0.5 11,778 0.8 8,150 1.1 3,628 0.5

The burden of disease is calculated through an indicator of population health, the DALY: a DALY represents a lost year of healthy life and is the unit used to estimate the gap between the current
health of a population and an ideal situation in which everyone in that population would live into old age in full health. This table shows the total deaths and burden of disease caused by
communicable diseases, maternal and perinatal conditions and nutritional deficiencies, non-communicable diseases and injuries related to water.

Source: WHO, 2002e.

systems carries specific risks of contamination, both with pathogenic
organisms (e.g. intestinal helminths) and chemicals (e.g. heavy
metals) through concentration and amplification. More sophisticated
water conveyance and treatment systems may become the source of
pathogens that are released into the environment as aerosols, as is
the case for Legionella ssp (Legionnaire's disease) in association
with air conditioning.

A number of diseases caused by bacteria or parasites, for
example, trachoma and intestinal helminth infections, will proliferate
because of lack of sufficient quantities of water for basic hygiene.
These are traditionally referred to as the water-washed (as opposed
to the water-borne) diseases. Behavioural changes, such as hand-
washing and regular bathing, will only be effective if the required

minimum amounts of water are available, but evidence-based
standards and norms are still lacking.

A range of aquatic ecosystems supports the breeding of a great
number of species that play a role in the transmission of diseases;
these species are known as vectors. Biological diversity is a main
feature of vectors and the diseases they transmit, making it
necessary to consider epidemiological situations in the specific local
context in which they occur. In different parts of the world the
accepted knowledge bases related to the diversity of all these
water-related organisms vary a great deal. Frequently, our potential
to deal with these health problems in a sustainable way is limited by
the lack of sufficient knowledge of local pathogen and vector
ecologies. New knowledge continues to be generated, however,
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particularly at the molecular genetics level, together with new
opportunities for improving public health.

The significance of this collective knowledge base linking water
and health lies in the options provided on effective ways to prevent
ill-health and disease, and to promote the health status of
communities. Access to a supply of safe drinking water, combined
with sanitation that prevents contaminants from reaching sources of
drinking water, and hygiene behaviour such as hand-washing and
proper food handling, supported by sufficient quantities of water,
are the main tools in the fight against gastrointestinal infections.
Water management practices that reduce the environment's
receptivity to the propagation of disease vectors and intermediate
hosts can, in specific settings, be the main contributor to reducing
transmission risks of such diseases as malaria and schistosomiasis.
In places where transmission levels are intense, such practices at
least add sustainability and resilience to medical approaches
delivered by the health services. All measures when combined, i.e.
the supply of safe drinking water and adequate sanitation, improved
hygiene behaviour and environmental management aimed at disease
vectors, translate into a considerable reduction of the costs of the
delivery of health services incurred to governments, and the costs
incurred to households, directly and indirectly, as a result of ill-
health or, worse, death of family members.

A recent analysis based on health statistics for the year 2000 (Priss
et al., 2002) shows that globally between 1,085,000 and 2,187,000
deaths due to diarrhoeal diseases can be attributed to the 'water,
sanitation and hygiene' risk factor, 90 percent of them among
children under five. In terms of burden of disease, the attributable
fraction ranges between 37,923,000 and 76,340,000 DALYs, a
burden that can be up to 240 times higher in developing countries
compared to industrialized countries.

This analysis tackles the various complexities in a consistent
way, starting by mapping out the transmission pathways of faecal-
oral diseases (see figure 5.1). It then continues by offsetting the
fourteen regions distinguished in the WHO burden of disease
statistics against six globally important exposure scenarios,
indicating population percentages for each combination. The
fourteen regions consist of the six WHO regions (Africa, the
Americas, Eastern Mediterranean, Europe, South-East Asia, Western
Pacific), subdivided on the basis of child and adult mortality levels
as criteria. The six exposure scenarios were constructed using the
WHO/UNICEF Joint Monitoring Programme's (JMP) database as
shown in table 5.2.

Rather than following an attribution procedure based on experts,
the analysis assessed exposure risks as derived from literature-based
intervention reports, to arrive at relative risks for the different
scenarios. The standard burden of disease methodology was applied,
but to account for uncertainty a sensitivity analysis was included
based on the assumptions for the most critical transition, namely
from scenario IV to scenario Il. By applying two different values to
the relative risks comparing these scenarios, so-called minimal and
realistic estimates were obtained (as reflected in the overall ranges
presented earlier for the global figures).

To the global estimates for the number of deaths and burden of
disease due to water/sanitation/hygiene-attributed infectious
diarrhoeas were added the estimates of a number of other water-
associated diseases (schistosomiasis, trachoma and intestinal
helminth infections). The grand total of this first and incomplete
estimate of water-, sanitation- and hygiene-associated ill-health
amounted to 2,213,000 deaths and 82,196,000 DALYs per year.

In addition to the major methodological improvements achieved
through this analysis, it also:

confirms, with a stronger evidence base than before, that water,
sanitation and hygiene are key determinants of health, with
substantial mortality and morbidity occurring as a result of the
lack of access to water and sanitation and of inadequate
hygiene behaviour;

underlines how diseases related to water, sanitation and hygiene
disproportionately affect the poor; and

Figure 5.1: Transmission pathways of faecal-oral diseases
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Most of the transmission pathways of faecal-oral diseases are related to water.

Source: Priiss et al., 2002.
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Table 5.2: Six scenarios of exposure to environmental faecal-oral pathogens

Environmental faecal-

Scenario Description oral pathogen load

VI No improved water supply and no basic sanitation in a country that is not extensively covered by those services, Very high
and where water supply is not routinely controlled

Vb Improved water supply and no basic sanitation in a country that is not extensively covered by those services, Very high
and where water supply is not routinely controlled

Va Basic sanitation but no improved water supply in a country that is not extensively covered by those services, High
and where water supply is not routinely controlled

v Improved water supply and basic sanitation in a country that is not extensively covered by those services, High
and where water supply is not routinely controlled

lllc IV and improved access to drinking water (generally piped to household) High

lllb IV and improved personal hygiene High

llla IV and drinking water disinfected at point of use High

Il Regulated water supply and full sanitation coverage, with partial treatment for sewage, corresponding to a Medium to low
situation typically occurring in developed countries

| Ideal situation, corresponding to the absence of transmission of diarrhoeal diseases through water, sanitation Low

and hygiene

This figure shows how the risks of human contamination from faecal-oral diseases vary according to different levels of provision for water, sanitation and hygiene. An obvious link is to be observed

between health gains and improved service levels.

Source: Based on table 2 and figure 2 in Priiss et al., 2002, pp. 539-40.

illustrates the high potential for disease reduction by simple
methods such as safe drinking water storage and disinfection at
the household level.

The paucity of data from the field continues to be a constraint, as
illustrated in the box on cholera earlier.

WHO is currently embarking on analyses to clarify the
attributable fraction of the burden of disease to ecosystem
components of water resource development projects, for malaria,
schistosomiasis, filariasis and Japanese encephalitis.

Chemical water quality parameters are partly responsible for the
ill-health related to drinking water supply. These chemicals include the
inorganic compounds fluor, arsenic, cadmium and uranium which may
occur naturally in aquifers used for drinking water withdrawals.
Because of the arsenic crisis in Bangladesh (35 million people exposed
through drinking water supply boreholes) attention has recently been
focused on this compound, but it is estimated that the health impact
of naturally occurring fluor is more widespread. The health condition
resulting from exposure to fluor over and above a certain threshold is
known as fluorosis and affects the skeletal tissues. The heavier
elements cadmium and uranium cause kidney damage with resorption
of minerals from the bone as a secondary effect.

Industrial waste and agricultural runoff are the major sources of
organic pollution, and the impact of exposure to these compounds
and their residues may be characterized as one or more of the
following: mutagenic, carcinogenic, teratogenic, toxic to the embryo
or causing reproductive toxicity; details are provided in the

Guidelines for Drinking Water Quality (WHO, 1996). Of growing
concern are the endocrine disrupting chemicals (EDCs), exposure to
which may modulate the endocrine system. While drinking water is a
potential source of human exposure to EDCs, it is not considered a
major exposure pathway unless unusual contamination has occurred
(WHO, 2002d).

Two characteristics distinguish the water-related vector-borne
diseases from the water-borne diseases: their transmission mode and
the nature of their association with water. Insects, essentially
bloodsucking species, play a key role in the transmission of diseases
such as malaria, filariasis and various infections of a viral etiology
(e.g. yellow fever, West Nile virus, Japanese encephalitis and
dengue). This role is not simply a mechanical one of taking
pathogens from an infected to a not-infected person. Usually, the
vector itself provides conditions required for the development of part
of a parasite lifecycle. Aquatic and amphibious snails that serve as
intermediate hosts for the Schistosoma parasites equally provide a
crucial habitat for the development of their infective larvae, but they
do not actually play an active role in the transmission from one
person to another. In the case of schistosomiasis (bilharzia),
transmission is a passive process initiated by the contamination of
water with excreta containing parasite eggs, and ending with the
penetration by the infective larvae (cercariae) of the skin of people
in contact with that water. From a disease control perspective,
however, the term vector is used generously to include all species
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(true vectors, intermediate hosts and rodent reservoirs of pathogens)
whose elimination will interrupt disease transmission.

These diseases are linked to water through the ecological
requirements of the vector species. Mosquito vectors all have an aquatic
larval stage. The distribution of the diseases reflects the differences
between genera and individual species. Lymphatic filariasis and malaria
provide an example. The Culex mosquitoes transmitting filariasis breed
in organically polluted water and distribution of the disease is therefore
linked to the urban environment, particularly where open sewers and
treatment ponds provide the required breeding habitat. On the other
hand, Anopheline species of mosquitoes transmitting malaria generally
require standing or slowly running clean freshwater, a habitat often not
available in cities. In fact, in many African cities a downward gradient in
malaria transmission intensity can be seen when moving from the
outskirts to the city centre, considered to reflect the increasing
pollution of water collections.

Malaria is a life-threatening parasitic disease transmitted from one
person to another through the bite of female Anopheles
mosquitoes. The disease exerts its heaviest toll in Africa south of
the Sahara, where about 90 percent of the annual global rate of
over 1 million deaths from malaria occur. It is the leading cause of
deaths in young children.

In 2001, the estimated global burden of malaria amounted to
42.3 million DALYs out of 359.4 million DALYs for all infectious and
parasitic diseases, and 1,467.2 million DALYs for the overall global
burden of disease. The malaria burden constitutes 10 percent of
Africa's overall disease burden. Malaria causes at least 396.8 million
cases of acute illness each year. Pregnant women are the main
adult risk group in most endemic areas of the world. As one of the
major public health problems in tropical countries, malaria
contributes substantially to the erosion of development
achievements and hampers poverty alleviation efforts in the world's
poorest countries. It has been claimed that the disease has reduced
economic growth in African countries by 1.3 percent each year over
the past thirty years (Sachs and Malaney, 2002).

There are some 422 species of Anopheles mosquitoes in the
world, but only seventy are vectors of malaria under natural
conditions and of these some forty are of major public health
importance. A wide range of aquatic ecologies provides the context
for malaria transmission, including shaded and sunny pools and
streams, rooftop drinking water tanks (in south Asia), rainwater
pools of a certain duration, mangroves and brackish water lagoons,
and the canals, ditches, night storage tanks and other components
of irrigation schemes and hydraulic infrastructure.

There is no vaccine available to protect against infection with
the Plasmodium parasites causing malaria. Parasite resistance

against prophylactic and curative drugs is a permanent concern, as
is poor people’s access to drugs and health services constrained by
many factors. Insecticide-impregnated mosquito nets are effective as
a means of personal protection, particularly for children under five,
but only where mosquito biting patterns overlap with the use of
nets. Chemical vector control is faced with insecticide resistance as
well as increasing regulations concerning the use of insecticides.
The 2001 Stockholm Convention on Persistent Organic Pollutants
restricts production and use of DDT, with an exemption for the
reportable application of this pesticide in disease vector control,
while it aims to promote the development and testing of
alternatives to manage vector populations (UNEP, 2001).

Depending on the species, malaria vector mosquitoes can rely
on a range of aquatic ecologies to propagate. The example below
(box 5.2 illustrates the impact of one type of water resource
development in the Ethiopian highlands.

Schistosomiasis, also known as bilharzia, is a disease caused by
parasitic flatworms called trematodes of the genus Schistosoma for
which aquatic (Africa and the Americas) or amphibious (western
Pacific) snails serve as intermediate hosts. An estimated 246.7
million people worldwide are infected, and of these, 20 million
suffer severe consequences of the infection, while 120 million suffer
milder symptoms. An estimated 80 percent of transmission takes
place in Africa south of the Sahara.

The estimated global burden of schistosomiasis was established
as 1.8 million DALYs in 2001, but the parameters and assumptions
used to arrive at this estimate are currently under review.

Recent studies in Ethiopia using community-based
incidence surveys revealed a 7.3-fold increase of malaria
incidence associated with the presence of microdams. The
study sites were all at altitudes where malaria transmission
is seasonal (in association with the rains). The increase
was more pronounced for dams below 1,900 metres of
altitude, and less above that altitude. In addition,
observed trends in incidence suggest that dams increase
the established pattern of transmission throughout the
year, which leads to greatly increased levels of malaria at
the end of the transmission season.

Source: Ghebreyesus et al., 1999.




108 / CHALLENGES TO LIFE AND WELL-BEING

There is no vaccine against schistosomes, which infect mainly
children and adolescents, as well as those in frequent and close
touch with contaminated water for occupational reasons, such as
irrigation farmers. There is, however, an effective drug, Praziquantl,
whose price has come down considerably in recent years.
Nevertheless use of the drug has not succeeded in breaking
through the cycle of water contamination and reinfection. The
remaining prevalence of infection following various rounds of mass
drug treatment reflects the state of sanitation facilities, hygiene
behaviour and environmental receptivity. Without addressing these
determinants through improved irrigation water management, for
example, the economic feasibility of maintaining results of mass
drug treatment campaigns is low.

Lymphatic filariasis is @ mosquito-borne parasitic worm infection,
which in its most dramatic form is expressed in the symptoms of
elephantiasis, the accumulation of lymph, usually in the legs. It is
not a killer disease, but causes severe debilitation and social stigma.
So while the number of deaths from filariasis is close to zero, the
burden of disease value is relatively high, globally estimated at

5.6 million DALYs in 2001. Urban populations in Africa and south
and South-East Asia are most affected, although some rural cottage
industries also provide conditions that favour the Culex vectors: in
Sri Lanka, coconut husk pits, where coconut shells are left to rot to
harvest the fibre, are notorious breeding places and communities
engaging in this practice tend to have high infection rates.

International efforts are underway to eliminate filariasis as a
global public health problem. These have become possible thanks to
greatly improved diagnostic techniques and dramatic advances in
treatment methods - both for controlling the spread of this
infection and for alleviating its symptoms. Partnerships with the
pharmaceutical industry ensure that drugs are available wherever
they are needed.

Improvements in urban water management will provide a solid
basis for the progress that is being made through these health sector
efforts. The improvements should focus on the infrastructure for
sewage and stormwater drainage and for collection of wastewater
before its treatment and possible reuse. Two parasite species cause
lymphatic filariasis and the one of lesser public health importance
(Brughia malayi) is transmitted by mosquitoes of the genus Mansonia
whose breeding is associated with aquatic weeds. Proper management
of reservoirs, i.e. the harvesting or elimination of aquatic weeds, meets
dual objectives: reduced evapotranspiration from the reservoir and an
effective interruption of transmission of this parasite.

Arboviral infections are acute and have high mortality rates; infection
outbreaks occur in a cyclical way, and as a result, burden of disease
estimates vary greatly from one year to another. In 2001, the
estimate of the burden of two arboviral diseases (dengue and
Japanese encephalitis) combined amounted to about 1.4 million
DALYs.

The association with water is disease-specific. The distribution of
Japanese encephalitis is from east to south Asia, with a strong link to
flooded rice ecosystems, where the main vectors of the Culex
tritaeniorrhynchus/gelidus group breed. The Aedes vectors of
dengue breed in small, domestic collections of water (flower vases,
dumped car tyres and standing water in solid waste dumps). The
water management practices to prevent arbovirus transmission and
outbreaks of arboviral diseases are similarly disease- and site-
specific. In some countries, for example India, the provision of
drinking water supplies in rural areas has contributed to increased
dengue risks. In instances where there is an unreliable supply, people
tend to collect water when it is available and store it in their house.
Such domestic water storage may become a prime source of Aedes
mosquitoes.

Water supply, sanitation and hygiene improvements have a long
history as public health interventions, and the rationale for their
promotion has mainly relied on the substantial reductions in
morbidity and mortality they can achieve, especially in the
developing world. Yet the Global Water Supply and Sanitation 2000
Assessment (WHO/UNICEF, 2000) shows that 1.1 billion people lack
access to improved water supply and 2.4 billion to improved
sanitation. In the vicious poverty-ill-health cycle, inadequate water
supply and sanitation are both the underlying cause and the
outcome: invariably, those who lack adequate and affordable water
supplies are the poorest in society. If improved water supply and
basic sanitation were extended to the present-day ‘unserved', it is
estimated that the burden of infectious diarrhoeas would be
reduced by some 17 percent; if universal piped, well-regulated
water supply and full sanitation were achieved, this would reduce
the burden by some 70 percent. Improvements such as these would
also lead to reductions in other water-, sanitation- and hygiene-
related diseases, such as schistosomiasis, trachoma and infectious
hepatitis.

The 2000 Assessment established that most of the unserved
populations are in Asia and Africa. In absolute terms, Asia has the
highest number of underserved, but proportionally this group is bigger
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Figure 5.2: Water supply, distribution of unserved populations

Figure 5.3: Sanitation, distribution of unserved populations
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Asia shows the highest number of people unserved by either water supply or sanitation; yet it is important to note that proportionally, this group is bigger in Africa because

of the difference of population size between the two continents.

Source: WHO/UNICEF Joint Monitoring Programme, 2002. Updated in September 2002.

Table 5.3: Africa, Asia, Latin America and the Caribbean: access to water supply and sanitation services by level of services

— evolution during the last decade

Water supply
Access to
improved Access through
water supply household
facilities connections
(%) (%)
Africa 1990 59 17
2000 64 24
Asia 1990 73 43
2000 81 49
Latin America 1990 82 60
and the Caribbean 2000 87 66
Total 1990 72 4
2000 79 47

Sanitation

Access to

improved Access through

sanitation house connections

Not served facilities to sewer systems Not served

(%) (%) (%) (%)
41 59 " 41
36 60 13 40
27 29 13 Al
19 47 18 53
18 72 42 28
13 78 49 22
28 38 16 62
21 52 20 48

This table shows a global improving trend of people having access to water supply and sanitation during the last decade. Asia has made the most visible progress, yet 53 percent of its population
still does not have access to water and sanitation. The African trend is more worrying, since it shows no clear progress, especially concerning water and sanitation.

Source: WWHO/UNICEF Joint Monitoring Programme, 2002. Updated in September 2002.
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in Africa. The regional breakdown is presented in figures 5.2 and 5.3.
Levels of service are an important parameter to consider,
because of their relevance for health. In Latin America and the
Caribbean, an estimated 66 percent of the population has access to
piped water through household connections, while these figures are
only 49 percent and 24 percent for Asia and Africa, respectively.
With regard to sanitation linked to a sewage system, these
proportions are 66 percent for Latin America and the Caribbean,
18 percent for Asia and 13 percent for Africa. Table 5.3 reviews the
trend over the last decade in these coverage figures and compares
them with figures for access to improved water sources and
sanitation and no access at all.

One of the goals set by the United Nations (UN) Millennium
Declaration, adopted by all UN member states in September 2000, is
to ensure environmental sustainability. Significantly, one of three
key targets defined to achieve this goal is to halve, by 2015, the
proportion of people without sustainable access to safe drinking
water. This target was originally a Vision 21 recommendation and
was as such adopted by the Ministerial Conference of the Second
World Water Forum in The Hague (WSSCC, 2000). The accompanying
indicator (proportion of population with sustainable access to an
improved water source) is one of the indicators that will continue to
be covered by JMP. Moreover, the next target in the Millennium
Declaration (‘by 2020 to have achieved a significant improvement in
the lives of at least 100 million slum dwellers') uses as one of its
indicators the proportion of people with access to improved
sanitation, another JMP-covered statistic.

Taking into account the projected growth of the world population,
these targets imply that an additional 1.5 billion people will require
access to some form of improved water supply by 2015 and, adapting
the sanitation target to similar terms for rural and urban dwellers
combined, about 1.9 billion people are required to gain access to
improved sanitation. The information on actual and target global
water supply and sanitation coverage, overall and broken down for
rural and urban settings, is presented in figures 5.4 and 5.5.

While there has been massive investment in the extension of
drinking water supplies since 1980, poor progress in the management
of human excreta has become the limiting factor when it comes to
realizing the full potential of the health benefits. Attitudes, cultural
beliefs and taboos with respect to human excreta are among the
challenges to be faced when proposing possible sanitation solutions
to a community. Education to successfully improve the sanitation
conditions should be participatory and should link the value of excreta
(faeces and urine) to ecology and health protection.

At the 2002 World Summit for Sustainable Development
(WSSD), the UN Millennium Development Goal for access to drinking
water was reconfirmed. In addition, the Summit set the target for

access to sanitation, i.e. halving, by 2015, the proportion of people
who do not have access to basic sanitation, with the following
elaboration on action needed:

develop and implement efficient household sanitation systems;
improve sanitation in public institutions, especially schools;
promote safe hygiene practices;

promote education and outreach focused on children, as agents
of behavioural changes;

promote affordable and socially and culturally acceptable
technologies and practices;

develop innovative financing and partnership mechanisms; and
integrate sanitation into water resources management strategies.

The coverage target most likely to be achieved by 2015 is that of
rural water supply. Rural populations are projected to decline in
number, and existing levels of rural water supply coverage are
relatively high compared to rural sanitation coverage. Urban
services, on the other hand, face the greatest challenge: more than
a billion additional people will need access to both water supply and
sanitation over the next fifteen years in order to meet the targets.
Even to maintain the year 2000 proportional level of coverage in
urban areas until 2015 will require an estimated 953 million people
to gain access to water supply and an additional 838 million to
sanitation; an effort equivalent to water supply and sanitation
infrastructure development for a population three times the size of
that of North America. All these projections are made on the
assumption that existing services will be sustained. This may be
overly optimistic as water supply and sanitation services continue to
face major constraints, including limited financial resources,
insufficient cost recovery of services provided and inadequate
operation and maintenance capacity.

Extrapolating past experience into future trends, offset against
the 2015 targets, resulted in the following conclusions:

Meeting the 2015 target of halving the fraction of the population
without sustainable access to drinking water globally means
providing services for an additional 100 million people each year
(274,000/day) from 2000 to 2015. By comparison, during the
decade of the 1990s an estimated total of only 901 million
people gained access to water supply. With the exception of
Africa south of Sahara, all regions will have achieved or will be
close to achieving this target, provided the level of investment of
the 1990s is maintained over the period 2000-2015.

The challenge for sanitation is more daunting: the pace that
allowed about 1 billion people to gain access to improved
sanitation during the 1990s, will need to be accelerated to allow
for sanitation provision of 125 million people each year
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Figure 5.4: Actual and target supply coverage

Figure 5.5: Actual and target sanitation coverage
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Taking into account the projected growth of the world population, Millennium targets
imply that an additional 1.5 billion people will require access to some form of
improved water supply by 2015, in other words 100 million people each year (or
274,000 people each day).

Source: WHO/UNICEF Joint Monitoring Programme, 2002. Updated in September 2002.
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The 2002 World Summit for Sustainable Development (WSSD) set the target of
halving, by 2015, the proportion of people who do not have access to basic
sanitation. Given the projected growth of the world population, this target implies
that an additional 1.9 billion people will require access to improved sanitation by 2015
(in other words 125 million people each year, or 342,000 people each day).

Source: WHO/UNICEF Joint Monitoring Programme, 2002. Updated in September 2002.
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(342,000/day) until 2015. Again, it is expected that all regions
with the exception of Africa south of the Sahara will have
reached or will be close to reaching this target by 2015,
provided the current level of investment is maintained.

In absolute terms, the investment needs of Asia outstrip those of
Africa, Latin America and the Caribbean combined.

Putting aside the overriding constraints imposed by the lack of
sufficient resources, the challenges faced in achieving the stated
goals circle around the issues of institutional strengthening and
financial and economic arrangements for drinking water supply, and
those of demand management and marketing for sanitation
extension. Institution-building, either with a traditional public sector
orientation or through more innovative public-private partnerships,
is critical both to attract initial investments as well as to ensure the
long-term sustainability of infrastructure and services once they
have been established.

The extension of basic sanitation is mainly a household concern,
as sophisticated piped sewage systems require an unrealistic level of
investment to meet the needs of the poor. Unlike water supply,
sanitation suffers from a lack of natural demand, and to overcome
this, a marketing approach has been proposed, backed up by
effective health and hygiene education, geared to the capabilities of
often illiterate community groups. WHO has developed and
promoted a methodology to change community hygiene behaviour
and to improve water supply and sanitation facilities, the so-called
PHAST (Participatory Hygiene and Sanitation Transformation)
methodology (Sawyer et al., 1998). It aims to enable community
workers to assist communities in improving hygiene behaviours,
preventing diarrhoeal diseases and encourages community
management of water and sanitation facilities. Critical steps in this
process include demonstrating the relationship between sanitation
and health, increasing the self-esteem of community members and
empowering the community to plan environmental improvements
and to own and operate water and sanitation facilities.

Recently, hygiene has made a comeback based on the rapidly
expanding evidence that relatively small changes in hygiene
behaviour will have large impacts in protecting individuals at the
household level. While access to improved water sources and basic
sanitation are crucial preconditions to hygiene behavioural change,
access alone will not bring about these changes automatically. As
such, the water-sanitation-hygiene conglomerate may be a public
good when it comes to enabling infrastructure, but in its
implementation it operates at the household level. The household
focus is critical in the extension of sanitation coverage and this
extension will often be achieved through community action without
direct involvement of the formal service providers.

The sustainability of established water supply and sanitation
systems can be broken down into two aspects: functional
sustainability relates to the conditions upon which systems can
continue to operate, with resources and capacities as the key
constraints. Environmental sustainability takes into account, from a
cross-generational perspective, both the environmental and health
impacts of systems' operation and the impact of outside changes on
the long-term viability of the system. In connection to the latter,
there are worrying trends both in terms of water quantity (receding
groundwater levels in different parts of the world) and quality
(increased pollution levels and the further discovery of natural
contaminants such as fluor and arsenic).

For the International Decade for Drinking Water Supply and
Sanitation (IDWSSD), WHO was mandated by the UN system to
monitor progress in water supply and sanitation coverage. The WHO
monitoring relied exclusively on data and information provided by
governments of its member states. These data were based on criteria
that varied from one country to another and within individual
countries over time. The data were frequently inaccurate and the
information derived from them inconsistent and not representative of
the situation on the ground. The statistics reflected the biases and
sometimes interests of the agencies responsible for the supply of
drinking water, not the real or perceived needs of the users.

Following the Decade, WHO and UNICEF decided to combine
their experience and resources in the JMP. Since then, four
assessments have been carried out. The objective of this endeavour
has been broadened from a simple monitoring task to a capacity-
building effort, with countries improving their institutional and
human-resource capacities to plan and manage monitoring, through
their active participation in the programme. The first three reports
of the JMP (published in 1991, 1993 and 1996) still followed the
conventional approach: coverage data linked to reporting on
progress in national monitoring capacities. The Global Water Supply
and Sanitation 2000 Assessment, presented in JMP's fourth report
(WHO/UNICEF, 2000), marked a departure from the earlier
methodology in several ways.

The 2000 Assessment used broader and better verifiable data
sources, including information from national surveys, linked to a
more comprehensive analysis beyond strict coverage. Specifically, it
differed from previous assessments in three important ways.

The assessment covers the entire world through presentation of
data from six regions: Africa, Asia, Europe, Latin America and the
Caribbean, North America and Oceania as defined by the United
Nations Population Division; previous assessments were limited to
developing countries.
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Household survey data have been used extensively to estimate
coverage figures. Assessment questionnaires were sent to all
WHO representations in member states, and local WHO and
UNICEF staff worked jointly with relevant national agencies to
complete the questionnaires, following detailed instructions. A
first step in this task was the preparation of an inventory of
existing population-based datasets on access to water supply
and sanitation, which could include national census reports,
Demographic Health Surveys (DHS) and UNICEF's Multiple
Indicator Cluster Surveys (MICS).

The JMP report presents a more comprehensive package of
information beyond strict coverage. This includes general planning
and management, with a focus on target setting, investment
patterns and trends, financial aspects, including urban water
services' tariffs and costs, quality of services and constraints.

Any assessment will need to apply clearly defined criteria in order to
achieve consistency and comparability over time and between
locations. The definitions below applied to the criteria used in the
2000 Assessment.

‘Access to water supply and sanitation’ was defined in terms of
types of technology and service afforded. For water supply,
access included house connections, public standpipes, boreholes
with hand pumps, protected dug wells, protected springs and
rainwater collections. Allowance was made for other, locally
defined technologies.

‘Reasonable access’ was defined as the availability of at least
20 litres per person per day from a source within 1 kilometre of
the user's dwelling. Tanker trucks, bottled water and other
source types not giving reasonable access to water for domestic
hygiene purposes were not included.

‘Sanitation” was defined to include connection to a sewer or
septic tank system, pour-flush latrine, simple pit or ventilated
improved pit latrine, again with allowance for acceptable local
technologies. The excreta disposal system was considered
adequate if it was private or shared (but not public) and if it
hygienically separated human excreta from human contact.

By introducing the concept of ‘improved’ technologies, an attempt is
made to establish a simple classification reflecting a high likelihood
that water supply and safe sanitation are adequate. Ongoing studies
aim to strengthen the evidence base for the designation criteria. The
designation ‘improved' versus ‘non-improved' was applied to water
supply and sanitation technologies as shown in table 5.4.

Table 5.4: Improved versus non-improved water supply and sanitation

Improved Non-improved

Water supply  Household connection
Public standpipe
Borehole
Protected dug well
Protected spring water
Rainwater collection

Unprotected well
Unprotected spring
Vendor-provided water
Bottled water'
Tanker-truck provided

Connection to a public sewer  Service or bucket latrines?
Connection to a septic system  Public latrines

Pour-flush latrine Latrines with an open pit
Simple pit latrine

Ventilated improved pit latrine

Sanitation

1 Considered as non-improved’ because of quantity rather than quality of supplied water.
Z Latrines from where excreta are manually removed.

Source: \WHO, 2002. Prepared for the World Water Assessment Programme (WWAP).

A number of caveats need attention when considering the JMP
assessment results. Access to improved water and sanitation does not
imply that the level of service or quality is ‘safe’ or ‘adequate’,
terminology previously used. It merely indicates the likelihood that it
is safe or adequate. Coverage figures have not been discounted for
intermittence or poor quality of the water supplies. Instructions
stated, however, that piped systems should not be considered as
functioning unless they were operating at over 50 percent of capacity
on a daily basis; hand pumps should not be considered as functioning
unless they were operating at least 70 percent of the time, with a lag
between breakdown and repair not exceeding two weeks. These
aspects were taken into consideration only when estimating coverage
for countries where national surveys had not been conducted. In most
cases, however, national survey data were available.

Monitoring the state of water supply, sanitation and hygiene
behaviour remains critical to ensure progress and an accelerated
coverage, together with greater and more active household
participation. Several new developments in the concepts of monitoring
have been noted (Shordt, 2000) and the four most important are:

More groups and stakeholders have been brought into the
process of data collection, analysis, interpretation and use;

There is an increased emphasis on monitoring behavioural change;
With the development of participatory appraisal and qualitative
research techniques, a wider range of strategies and

measurement tools to support the strategies, has emerged;

There is increased emphasis on the timely use of monitoring and
evaluation results.
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The relative importance of water in adequate quantities, as compared
to water quality, sanitation and hygiene, has been the subject of
debate for many vears, yet so far, no international norms for
minimum domestic water quantities have been formally proposed.
International targets, including the Millennium Development Goals,
tend to omit this aspect. Domestic water is defined as water used for
all usual household purposes including consumption, bathing and
cooking, yet it must be borne in mind when interpreting and
applying minimum values for water quantity, that some of these uses
occur at home, while others (for example, laundry and bathing)
occur away from the home. Some household-level use may also go
beyond the conventional concept of what is domestic, and enter in
the productive sphere: horticulture, livestock watering, construction
and wholesale preparation of food and beverages. These home
products may be essential for the livelihood of poor households.

It has been suggested that poor hygiene may, in part, be traced
back to lack of water in sufficient quantity (Cairncross and Feachem,
1993), but reviews of numerous studies on various different single
and multiple water and sanitation interventions have been
inconclusive on the relative contribution of water quantity, and have
sometimes detected contradictory results. Early studies seem to
suggest that increased water quantity has an edge over water
quality in its effectiveness to reduce diarrhoeal disease incidence, but
later studies contradict this and in fact seem to indicate that neither
quality nor quantity improvements result in significant health gains

without concomitant sanitation improvement. From the variability and
inconsistencies observed, the most tenable conclusion is that all
interventions potentially have a significant impact and that the scale
and relative impact of a single intervention depends strongly on the
exposure route that is predominant under local conditions at a
specific point in time. The complex exposure routes of most faecal-
oral infections (see figure 5.1) make it hard to predict which
intervention, whether single or a combination of measures, will be
most effective. For some infections, however, the exposure pathway
is simple. This is the case of the Guinea worm infection (see box 5.3)
for which the exposure pathway is singular (although biologically
complex) and has permitted the success of the Guinea worm
eradication programme. In this case, however, interrupting
transmission is not a matter of quantity but of quality.

There is evidence that the public health gains derived from use
of increased volumes of water typically occur in two major
increments. The first increment occurs when the total lack of basic
access is overcome, leading to the availability of volumes adequate
to support basic personal hygiene. A further significant health gain
occurs when water supply becomes available at the household level
(Howard and Bartram, in prep.). Some studies indicate that the
health gains of increased water quantities are greater for some age
groups than for others. Studies from India suggest that water
quality is more critical for the health of children under three, while
water quantity becomes a crucial health determinant above the age of

Guinea worm (Dracunculus medinensis) is a parasitic
worm that causes an infection called dracunculiasis or
Guinea worm disease. The disease eradication efforts of
the past decade or so dramatically demonstrate the power
of water supply interventions.

Water is fundamental in the dracunculiasis transmission
cycle. People get the infection from drinking water with
infected intermediate hosts of the genus Cyclops. The
larvae develop into long parasitic worms that lodge in the
joints, particularly the knees, where they cause a blister.
From the blister, eggs are released, develop into larvae and
complete the cycle in the Cyclops intermediate host.

Dracunculiasis is a disabling disease with a seasonal
pattern, often peaking at times in the agricultural year
when labour is in maximum demand. For this reason
dracunculiasis is also known as the ‘empty granary’ disease.

The unique ecology of the Drancunculus parasite
make the provision of an improved water supply a

singular, critical intervention to interrupt transmission. The
evidence for the impact of improved water supplies on
dracunculiasis is clear in, for example, India, where it was
responsible for a 80 to 98 percent reduction in annual
incidence (adapted from Cairncross et al., 2002).

The Guinea worm eradication campaign started in 1989
and it is lead primarily by WHO, UNICEF and the Carter
Center. Before the beginning of the campaign more than
three million cases were estimated worldwide (Watts,
1987). Since then, WHO has certified 151 countries as
Guinea worm disease-free and five more are in pre-
certification phase. Among the certified countries, India
and Pakistan achieved interruption of transmission after the
beginning of the global eradication campaign in the 1980s.
Nowadays only thirteen nations still have the disease and
reported a total of 60,000 cases in 2001 (WHO, 2002a).

Sources: Cairncross et al., 2002; Watts, 1987; WHO, 2002a.
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Trachoma is an eye infection caused by Chlamydia
trachomatis which can lead to blindness after repeated
reinfections. It spreads easily from one family member to
another by ocular and respiratory secretions. Flies can also
transmit the infection. WHO estimates that roughly
146 million people presently suffer from trachoma and
associated infections, primarily among the poorest rural
communities in developing countries. Roughly 6 million
people are blind or severely visually disabled because of
trachoma, making it one of the leading causes of
preventable blindness worldwide. Central to controlling
trachoma is easy access to sufficient quantities of water,
facilitating the frequent washing of children's faces and
improved environmental hygiene.

The WHO Global Alliance for the Elimination of
Trachoma by 2020 has adopted the ‘SAFE' strategy,

three. A reduction in the time required to collect water may translate
not only into greater net water availability but also into more time for
mothers to engage in childcare activities, including feeding and
hygiene. Studies by Prost and Négrel (1989) point out that a twenty-
fold reduction in time used for water collection resulted in thirty times
more water used for child hygiene. The impact of such a considerable
increase on diarrhoeal disease is hard to quantify, but it certainly plays
a key role in the reduction of trachoma (see box 5.4).

Management decisions on water resources and water services will all
potentially have an impact on human health, yet they are made by
actors in many different public sectors as well as in the private sector,
often with little awareness of the nature and magnitude of these
implications. In many countries, institutional arrangements and other
mechanisms for intersectoral coordination are rudimentary at best. As
a result, considerable opportunities are lost to protect and promote
health in the management process. As long as water policies and
programmes remain fragmented, it will continue to be a challenge to
address water-associated health issues in a cross-cutting way.

The World Water Assessment Programme (WWAP) Secretariat
took note of these concerns; as a result, irrigation water
management for health, for example, is covered in chapter 8, while
ample coverage of urban water supply and sanitation can be found
in chapter 7.

consisting of four components: Surgery, Antibiotic
treatment, promotion of Facial cleanliness and the
initiation of Environmental changes. Recent reviews have
emphasized the importance of the F and E components of
the 'SAFE' strategy, concluding that improved personal and
community hygiene has great potential for a sustainable
reduction of trachoma transmission. They also concluded
that there is likely to be a long-term beneficial effect of a
combination of improved water supplies, provision of
latrines, facial hygiene promotion and control of eye-
seeking flies. Trachoma is a just one example of a number
of human eye and skin infections that can be reduced
through improvements in water supply, sanitation and
hygiene promotion.

Sources: Priiss and Mariotti, 2000 and Emerson et al., 2000.

For drinking water supply services, water quality management is
critical. A wide range of both chemical and microbial constituents of
drinking water can cause adverse human health effects. The
detection of these constituents in both raw water and water
delivered to consumers is often slow, complex and costly, which
limits early warning capability and affordability. Reliance on water
quality determination alone is insufficient to protect public health.

The most effective and protective means of consistently assuring
a supply of acceptably safe drinking water is the application of a
preventive ‘quality assurance’ framework. A preventive framework,
developed to manage drinking water quality, works in an iterative
cycle encompassing assessment of public health concerns, risk
assessment, establishing health-based water quality targets and risk
management. Feeding into this cycle are the determination of
environmental exposure levels and the estimation of what
constitutes a tolerable risk (Davison et al., 2002).

Drinking water quality management may be established through
a combination of protection of water sources, control of treatment
processes and management of the distribution and handling of
water. It has five key components:

water quality targets based on critical evaluation of health concerns;
system assessment to determine whether the water supply chain

(up to the point of consumption) as a whole can deliver water of
a quality that meets the above targets;
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monitoring of the control points in the supply chain that are of
particular importance in securing drinking water safety;

management plans documenting the system assessment and
monitoring; and describing actions to be taken under normal and
incident conditions. This includes documentation and
communication; and

a system of independent surveillance that verifies that the above
are operating properly.

It is important that water quality targets, defined by the relevant
national health authority, be realistic under local operating
conditions and set to protect and improve public health. Formal
water supply agencies have a basic responsibility to provide safe
water and would be expected to develop and implement
management plans to address points 2 through 4 above.

The management plans, or Water Safety Plans (WSPs), developed
by water suppliers, should address all aspects of the water supply
and focus on the control of water production, treatment and delivery
of drinking water. The control of microbial and chemical quality of
drinking water requires the development of WSPs which, when
implemented, provide the basis for process control to ensure that
pathogen and chemical loads are acceptable. Implicit within this
process is the acceptance that a tolerable disease burden has been
defined at national and local levels and that water quality targets,
which have been established to improve public health, are
achievable.

Water resource development projects offer a range of options
for water management practices that will contribute to a reduction
of risks to human health. The earliest possible opportunity in the
planning of water resource development needs to be seized to
initiate the process of Health Impact Assessment (HIA).

HIA is a combination of procedures, methods and tools by which
a policy, programme or project may be judged as to its potential
effects on the health of a population, and the distribution of those
effects within the population. It presents evidence, infers changes
and recommends actions to safeguard, mitigate and enhance human
health with the ultimate goal of providing decision-makers with
sound information on the health implications of any given policy or
project. By their nature, water resource development projects imply
changes in landscape and in demography, which will in turn have an
impact on both environmental and social health determinants.

There is an imperative need to integrate HIA into the
formulation and planning of water resource development policies,
and into the planning of water resource development programmes
and projects, because it:

improves the quality of development outcomes through decision-
making and recommendations that help minimize negative health
impacts and make maximum use of health opportunities;

addresses the determinants of health in an integrated way rather
than concentrating on single risk factors. While vertical disease
control programmes tend to ignore environment and
development links, HIA provides a logical platform for the
process of decentralization and integration of health services;

is conducive to intersectoral cooperation: systematic assessments
of health effects are needed to inform decision-makers in the
various sectors responsible for water resource management of
their responsibility for the impact of their actions on health; and

keeps additional, and usually more costly, burdens on the health
sector limited to @ minimum. Therefore taking human health into
consideration at the planning stage makes good economic sense,
by eliminating the transfer of hidden costs of water resource
development to the health sector.

The key principles of HIA (equity, democracy, sustainability and
ethical use of evidence) ensure full compatibility with more
established Environmental Impact Assessment (EIA) practices.
Routinely, EIAs tend to assess health issues only superficially and
recommend health-sector-confined measures. When they do
consider the health impacts of water resource development, EIAs
usually focus on physical aspects of the environment and on
pollution-related health hazards or communicable diseases, but
often fail to address social determinants of health, including
poverty, cultural alienation and community disruption.

The creation of a separate and parallel procedure for HIA is
desirable. There should be effective links to EIA procedures and the
assessments should draw on information collected for the feasibility
study on development of water resources. Local conditions will
dictate a specific balance between integration and maintaining a
separate profile for health in the overall impact-assessment picture.
As an example, a proposed small-scale irrigation and medium-size
dam project in the northern part of Zimbabwe was submitted to a
HIA. The results clearly showed potential threats to health such as
increased incidence of malaria and schistosomiasis and of
increasing sexually transmitted infections due to an influx of
migrant workers, but it also indicated improved nutrition through
greater agricultural output. The cost of enhancing the positive and
mitigating the negative was estimated at about 1.8 percent of the
total project cost - not too high a price for health.

National authorities cannot use such instruments as HIA to their
full potential until there is a body of trained personnel, and this is
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clearly lacking throughout the world at the present time. A favourable
policy climate is essential for this body of trained personnel to function
properly, with special attention to policies in all water-associated
sectors, conducive to intersectoral cooperation. Health sector personnel
will benefit from training in impact assessment procedures and
methods, and will be better placed to appreciate the concerns of the
other sectors responsible for water projects. The health sector structure
also needs renewal to allow for a better response to the needs incurred
by HIA, i.e. contributing to terms of reference, HIA appraisal, monitoring
health determinants and of compliance with recommended measures. In
turn, water resources and water user sectors should work towards
developing an understanding of the association between their decisions
and human health. Where lacking, all groups should develop skills in
intersectoral communication, collaboration and community participation.
A course manual on developing such skills in support of HIA will be
published in 2003 (Bos et al., 2003).

Water management practice options to protect or promote
health range from canal lining in irrigation schemes to specially
designed reservoir management programmes in dam projects. Dams
often illustrate these issues in a clear, admittedly sometimes
extreme way. The following best practice list was compiled as part of
WHO's input into the work of the World Commission on Dams.

There are a number of fully or partially validated options that
can mitigate the adverse effects of dam construction on human
health. Examples of such health safeguards relating to operational
water management include (WHO, 2000):

Design options
Multiple depth off-takes that allow the release of first flush
inflows that may contain high levels of contaminants and
nutrients, and allow a high level of control of fluctuation in
reservoir water level (which can be advantageous in the
control of disease vectors such as snails and mosquitoes).

Double spillways in areas where onchocerciasis (river
blindness) is endemic. Spillways have been shown to provide
an appropriate habitat for the breeding of blackflies
(Simulium ssp.), the vectors of the Onchocerca parasite; their
alternate use will prevent such breeding.

At all potential sites, ensuring careful examination of reservoir
bathymetry so as to avoid dam sites that have extensive
shallow areas conducive to insect and snail breeding. While
shallow margins can never be totally avoided, catchment
topographies that give rise to large reservoirs of low average
depth (and therefore large wetted perimeters) should be
avoided. Such reservoirs will also be undesirable from an
evaporative-loss point of view.

Provision of simple infrastructure (jetties, for example) at
critical places along the reservoir shore to reduce water contact
for specific target groups (fishermen, women, children).

A greater than standard diameter of off-takes will allow the rapid
draw-down of reservoirs, allowing a rapid drop in shoreline water
levels, stranding and killing mosquito vectors (provided no pool
formation occurs) and intermediate host snails of schistosomiasis.
This will also allow an artificial flood downstream that will flush
out any vector breeding places in rock pools.

Careful settlement planning that ensures that, wherever
possible, and in balance with other planning and social
needs, population settlement occurs away from areas of
impounded and slow-flowing water. This will minimize human
exposure to disease-carrying vectors.

Adequate planning for, and design of, community water
supply and sanitation, including careful management of
sewage and waste. This will reduce the rate of reservoir
eutrophication and the occurrence and severity of toxic
cyanobacterial blooms, as well as reducing water pollution
generally.

Reservoir options
In-reservoir management to prevent eutrophication and
excessive growth of problematic organisms such as toxic
cyanobacteria and aquatic weeds. The development of massive
blooms of toxic cyanobacteria is an area of increasing concern,
especially in poorer countries where drinking water treatment
may be less common or absent, and where exposure to toxic
blooms may go unmanaged or unreported (see box 5.5).

Well-formulated dam environmental management plans that
will support sustainable fisheries practices, sustain
populations of natural predators of disease vectors and
minimize excessive growth of aquatic weeds.

Catchment management to minimize negative impacts on the
impoundment, including those from population growth and
agricultural development in the upper catchment.

Adequate in-flow forecasting for disaster prevention in case of
increased settlement on the downstream floodplain and heavy
livelihood dependence on new agricultural production system.

Water release regimes that minimize impacts on downstream
ecology and productivity especially in regions where there is
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In tropical, subtropical and arid regions of the world it is
inevitable that new dams will become eutrophied
(nutrient-enriched) rather quickly, often within the first
few years of filling and operation. Eutrophication brings
with it problems of excessive aquatic weed growth or
‘blooms’ of toxic cyanobacteria (a type of microscopic
algae). Arid zones of the world are particularly at risk,
where the artificial impoundment of water in hot climate
creates the perfect ecological environment for the growth
of toxic cyanobacteria. Added to this natural climatic effect
is the enhanced rate of nutrient input that accompanies
the growth of towns and the development of agriculture
in the catchment around a dam, often with inadequate
effluent collection and treatment facilities.

Blooms of freshwater algae and cyanobacteria have
always occurred in eutrophied waterways, but the toxicity
of these organisms has only been elucidated in recent
years. There are several types of cyanobacterial toxins
found throughout the world, all of which are potentially
lethal to humans and animals if consumed in sufficient
quantities. Additionally, some cyanobacterial toxins can
promote liver cancer during chronic low-level exposure,

a significant nutritional reliance on traditional production
methods such as recession agriculture.

Sensitive management of flood plains and water resources to
ensure wetland conservation, while at the same time
minimizing excessive propagation of water-borne and water-
related vector-borne diseases. As with irrigated agricultural
production systems, natural seasonal wetting and drying cycles
will be an important management tool. Conventional irrigation
and drainage practices often lead to permanent inundation and
wetting of previously ephemeral wetlands. The outcome of this
is both degradation of the wetland and increased health risks.

Design and management options in irrigation schemes
Minimizing low flow zones in artificial channel networks to
eliminate habitats for the propagation of disease vectors.

Concrete lining of irrigation canals to reduce seepage and
prevent pools of standing water where mosquito vectors
propagate. This also has water-saving benefits for irrigation.

and most cyanobacteria can cause a range of
gastrointestinal and allergenic illnesses in humans exposed
to toxins in drinking water, food or during swimming. A
norm for drinking water concentrations for the common
cyanobacterial toxin microcystin has recently been
developed by WHO.

The most severe and well-documented case of human
poisoning due to cyanobacterial toxins occurred in the
Brazilian city of Curaru in 1996. Inadequately treated
water from a local reservoir was used for patients in a
local kidney dialysis clinic. As a consequence, more than
fifty people died due to direct exposure of the
cyanobacterial toxin to their blood stream during dialysis.
Elsewhere in South America, in 1988, more than eighty
deaths and 2,000 illnesses due to severe gastro-enteritis
have also been directly linked with toxic cyanobacteria in a
newly constructed dam. In China, a high incidence of
primary liver cancer has been linked to the presence of
cyanobacterial toxins in drinking water.

Source: Chorus and Bartram, 1999.

Management of irrigated cropping systems to maintain
wetting and drying cycles (while ensuring efficiency in water
use), crop diversification and synchronization of cropping
patterns. Regular wetting and drying of flooded rice fields
provides an important tool to control water-associated vector-
borne diseases such as malaria and Japanese encephalitis. In
particular, there should be no advocacy of excessive multiple
cropping within a single production year, and synchronization
of cropping cycles is recommended.

Management plans for irrigated areas that minimize long-term
salination and water logging and therefore impact on food
security and scheme viability.

In order to allow informed decision-making on interventions
aimed at disease prevention and control, it is crucial to carry out
a sound economic evaluation of the various options available in
specific settings. This will permit the selection of an option or
combination of options ensuring maximum health benefits within
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the constraints of a limited budget, or the achievement of
defined goals at the lowest possible costs. The evaluation method
of choice is cost-effectiveness analysis, with the reduction in
burden of disease as the effectiveness indicator. Even within the
confines of the health sector, analysing the cost-effectiveness of
various interventions, such as case detection and treatment,
vaccination when a vaccine is available, disease-vector control
and health education, is not an easy matter. Expanding the scope
of the economic evaluation to include water supply, water
management and sanitation measures adds further complexities.

The effectiveness indicator for health outcomes (reduction of the
burden of disease expressed in DALYs) is not only fairly new and
therefore relatively unknown outside of the health sector, but it
is an indicator that, ultimately, does not express the health gains
in monetary terms. This is @ weak point when integrating health
economics into the economic evaluation of water resource
development and management, which operate at the cost-
benefit level with outcomes expressed in monetary units.

In accordance with the main purpose of water supply, water
management and sanitation measures, different types of benefits
will be considered as ‘externalities’. A straightforward example is
the lining of irrigation canals. If canal-lining is done with the
purpose of saving water for agricultural production the health
benefits (reduced malaria transmission risks because of a
reduction in mosquito breeding potential) will be externalities in
the economic evaluation of water-saving options. If the purpose
is reducing malaria transmission risks, then the water-saving
benefits to the agricultural production system will be considered
externalities. Since these benefits can be expressed in monetary
terms, one possible way of including them into the calculation is
by deducting them from the cost of the measures.

Many health sector interventions are of the recurrent type, while
a substantial part of water and sanitation measures require a
capital investment in infrastructure development. As a result, the
economic evaluation of water and sanitation measures strictly for
public health purposes will be disadvantaged in comparison to
recurrent medical and other public health interventions whenever
the discount rate is elevated.

WHO is currently supporting modelling studies that apply these
concepts and principles in a cost-effectiveness analysis of drinking
water supply and sanitation options in relation to diarrhoeal diseases
control, estimating the costs, the health benefits and the non-health
benefits of selected interventions for each of the fourteen
subregions considered in WHO's burden of disease estimates.

The definition of types of water supply and sanitation follows
that established for the WHO/UNICEF 2000 Assessment for
improved water sources and improved sanitation. The interventions
reflect steps between the exposure scenarios described in the
beginning of this section and are linked to achieving specific
targets. The six interventions included in the model are:

achieving the Millennium target of halving the proportion of
people who do not have sustainable access to safe drinking
water, with priority given to those who already have access to
improved sanitation (i.e. moving from scenario VI to Vb and from
Va to IV in table 5.2);

halving the proportion of people without access to both
improved water sources and basic sanitation facilities, essentially
giving priority to populations living in scenarios Va and Vb over
those in scenario VI;

achieving disinfection at point-of-use through chlorine treatment
and safe storage vessels combined with limited hygiene education
to people currently without access to improved water sources;

providing improved water supply and basic sanitation to people
currently without access, to reach a total coverage of 98 percent
(moving from scenarios VI, Va and Vb to IV);

providing improved water supply and sanitation plus household
treatment, safe storage and limited hygiene education to people
currently without access, to reach a total coverage of 98 percent
(moving from scenarios VI, Va and Vb to Ill);

providing piped water to houses, with treatment to remove
pathogens, quality monitoring and pollution control as well as
sewage connection with partial treatment of wastewater, to
reach a total coverage of 98 percent (moving from scenarios VI,
Va and Vb, IV to Il);

judging the effectiveness of different interventions depending on
the amount of exposure reduction in the population and the
existing levels of overall morbidity and mortality within a given
WHO subregion; and

judging interventions with the assumption being that they will
run for a period of ten years.

For the cost aspects of the equation, information was collected from
member states through the mechanisms of the WHO/UNICEF JMP.
The analysis of the attributable fraction of burden of disease
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reduction associated with different interventions was presented in
the paragraph on ‘the burden disease concept'. The incremental
analysis of non-health benefits addressed three issues: the avoided
direct expenditures due to a reduced diarrhoeal disease burden,
both for the collective health sector and at the household level, the
avoided days lost, whether affecting formal or informal employment,
other productive activities or school attendance, and reduced
opportunity costs related to the location of water supply and
sanitation facilities.

Preliminary results of this modelling study present the
following picture.

In absolute terms, the first interventions at a global cost of
USS$12.6 billion, with a global gain of 30.2 million DALYs avoided.

Disinfection at point-of-use through chlorine treatment and safe
storage vessels combined with limited hygiene education would
result in 122.2 million DALYs avoided at a relatively low
incremental cost (total cost USS11.4 billion).

Disinfection at point-of-use proved consistently to be the most
cost-effective intervention across all subregions and would be
classified as very cost-effective in all areas where it was evaluated.

Interventions targeted at key behaviours such as improving hand
washing would also provide a highly cost-effective way of
achieving substantial health gains.

In many developing countries, these cost-effectiveness data
warrant a policy shift, towards better household water quality
management (together with improved individual hygiene) to
complement the continued expansion of coverage and upgrading
of services, with a greater emphasis on achieving health gains
associated with access to drinking water at the household level.
As a reticulated water supply piped into individual homes remains
a long-term aim for most developing countries, a focus on low-
cost solutions with a great impact on health per unit of
investment is desirable.

Since the 1970s, the basic needs concept has been a dominating
element in the development debate. It comes as no surprise that
water was first among the issues addressed in the efforts to meet
basic needs and to support a decent minimum standard of living and
an acceptable level of human livelihood. The Mar del Plata
Conference in 1977 focused almost exclusively on the drinking water
supply and sanitation needs of the poor and vulnerable. This
resulted in the designation of the period from 1981 to 1990 as the
International Drinking Water Supply and Sanitation Decade (IDWSSD).

The focus of this period certainly resulted in the mobilization of
considerable additional resources. It also facilitated the accelerated
development of a more functional policy framework for drinking
water supply and sanitation in many countries, and supported
institutional strengthening and the establishment of arrangements
between institutions formerly working without proper coordination.
Great progress was made, certainly more than would ever have been
achieved had the 1980s not been designated as IDWSSD. In the
case of provision of safe drinking water, substantial progress was
made towards the goal of universal coverage. Provision of access to
sanitation, however, only managed to keep pace with population
growth and started trailing access to safe drinking water in an
increasingly disproportionate way.

At the beginning of the 1990s, the concept of water as a basic
need became more differentiated. Sustainable development had
appeared on the scene (WCED, 1987) and water was among the
natural resources that needed to be used wisely to serve the needs
of the present generation without jeopardizing the needs of future
generations. Poverty and excessive consumption patterns were
identified as the key driving forces behind an unsustainable use of
natural resources. Poverty was also increasingly recognized as the
key driving force for ill-health, in a vicious circle where ill-health led
to a further deepening of poverty at the household and community
level. The concept of sustainable livelihoods became complementary
to that of basic needs. It translated into issues such as the judicious
stewardship of water resources as well as personal hygiene and
water security at the household level.

In the basic needs approach it had always been taken for
granted that the promotion and protection of human health was the
implicit goal of the provision of safe water and adequate sanitation.
The results of the IDWSSD and the new concept of sustainable
livelihoods raised new questions about the nature and scope of the
links between water and health. As Integrated Water Resources
Management (IWRM) entered the development arena after the UN
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Conference on Environment and Development (UNCED) in Rio, the
multiple health dimensions of water, for people, for food, for the
environment required a new logical framework. These changes also
took drinking water supply and sanitation out of their subsectoral
confinement and placed them firmly on the broader agenda of
human development, with a key role of the provision of these
services in the fight against poverty.

From a strictly physiological perspective, the basic water need for
each individual human being amounts to an intake of about 5 litres a
day. Unlike food for proper nutrition, the other basic need for survival,
mortality due to an acute lack of water has a low profile, except in
natural disaster events of extreme drought. While an estimated 25,000
people die each day of hunger, records on the number of people dying
from thirst are not apparent. So basic is the need for water, that, as
long as they are physically able, people will leave areas of drought in
search for water to survive, and emergency and humanitarian aid
programmes will always give the provision of drinking water first

priority. The true nature of water as a basic need therefore lies in the
safety of the water available for drinking and other domestic purposes,
and the adequacy of sanitation, considering that human excreta are
the major source of contamination of water intended for domestic
purposes. Beyond that, our knowledge of the health risks associated
with aquatic ecosystems provides a handle on water management
practices to reduce the burden of disease that results from them.

The enjoyment of the highest attainable standard of health is a
fundamental right of every human being, enshrined in the Constitution
of WHO of 1948. The reduction of vulnerability and the impact of ill-
health sit among the several complex linkages between health and
other human rights and steps must be taken to respect, protect and
fulfil human rights (WHO, 2002b). In May 2000, the Committee on
Economic, Social and Cultural Rights, which monitors the covenant of the
same name, adopted a General Comment on the right to health. The
[atter states inter alia: ‘Water is fundamental for life in human dignity. It
is @ pre-requisite to the realization of all other human rights.’

The General Comment on the right to water, adopted by the
Covenant on Economic, Social and Cultural Rights (CESCR) in
November 2002, is a milestone in the history of human
rights. For the first time water is explicitly recognized as a
fundamental human right and the 145 countries which have
ratified the International CESCR will now be compelled to
progressively ensure that everyone has access to safe and
secure drinking water, equitably and without discrimination.
The General Comment states that ‘the human right to
water entitles everyone to sufficient, affordable, physically
accessible, safe and acceptable water for personal and
domestic uses'. It requires governments to adopt national
strategies and plans of action which will allow them to
‘move expeditiously and effectively towards the full
realization of the right to water'. These strategies should be
based on human rights law and principles, cover all aspects
of the right to water and the corresponding obligations of
countries, define clear objectives, set targets or goals to be
achieved and the time-frame for their achievement, and
formulate adequate policies and corresponding indicators.
Generally, governmental obligations towards the right
to drinking water under human rights law broadly fall
under the principles: respect, protect and fulfil. The
obligation to respect the right requires Parties to the

Covenant to refrain from engaging in any conduct that
interferes with the enjoyment of the right, such as
practices which, for example, deny equal access to
adequate drinking water or unlawfully pollute water
through waste from state-owned facilities. Parties are
obligated to protect human rights by preventing third
parties from interfering in any way with the enjoyment of
the right to drinking water. The obligation to fulfil requires
Parties to adopt the necessary measures directed towards
the full realization of the right to drinking water.

The General Comment is important because it provides a
tool for civil society to hold governments accountable for
ensuring equitable access to water. It also provides a
framework to assist governments in establishing effective
policies and strategies that yield real benefits for health
and society. An important aspect of the value it provides is
in focusing attention and activities on those most adversely
affected including the poor and vulnerable.

Before the adoption of the General Comment, the right
to water had been more or less implicitly recognized in the
General Comment on the right to health, 2000, in the
Convention on the Rights of the Child (CRC), 1989, and in
the Convention on the Elimination of All Forms of
Discrimination Against Women (CEDAW), 1979.
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The WHO Programme on Water, Sanitation and Health fully
supports the right to water, which, as indicated above, is inextricably
linked to the right of all humans to attain the highest possible
standard of health. To achieve the goal of ensuring access for all to
an adequate supply of safe drinking water, WHO proposes standards
and regulations for drinking water quality, through its Guidelines for
Drinking Water Quality (WHO, 1997, 1996, 1993). Among the
substantive elements of a rights-based approach to health, paying
attention to those population groups considered most vulnerable in
society is a critical one. In this context, the principle of equity, i.e. the
fact that the distribution of opportunities for well-being is guided by
people’s needs rather than through their social privileges, is
increasingly serving as an important, non-legal generic policy concept.

At the core of WHO's work is the estimation of the burden of
water-related ill-health, which reflects the link between the right to
water and the right to health, and the promotion of safe water
supply and safe water management practices to affirm these rights.
Basic needs, sustainable livelihoods and the human rights approach
will continue to be the guiding principles in water supply and
management. An update on the status of the human right to water
issue is presented in box 5.6.

Integration of health services and decentralization of their operations
has been going on for the past ten years as part of the ongoing public
sector restructuring. The goal is a more efficient health service that is
more responsive to health issues as they arise and better targeted at
the needs of vulnerable groups in society. The integration aims to
reduce the disproportionate costs of so-called vertical programmes
(malaria control programmes are among the examples| that were once
established as time-limited operations, but became entrenched as
singular routine operations within the health sector.

Decentralization also foresees a devolution of planning and
decision-making at the local level, with standard setting, quality control
and expert technical cooperation remaining functions at higher levels. In
many countries, the period of transition is characterized by problems
related to lack of adequate capacities at the local level and resistance
within the system against the change imposed. In some instances, the
actual decentralization is hampered by the fact that major resource
decisions continue to be made at the national level, leaving little room
for local health centres to adjust their programmes to local needs.

This process has a number of implications that are specific to
water-associated diseases. On the one hand, a number of these
diseases were covered by vertical programmes in the past, which used
to have strong epidemiological surveillance components (though
usually at a high price). With integration, it has been observed that
part of this surveillance capacity disappears, and what at first sight
would seem to be a decline in disease incidence often turns out to be

the result of a reduced surveillance effort that captures fewer cases.
With decentralization, the often specialized knowledge related to the
links between water parameters and disease situations may lose its
‘home’. This hampers the development and design of water
management solutions and interventions, and creates a bias towards
more strictly medical interventions. On the positive side, provided
capacity is present or has been built at local level, decentralization
allows for a more detailed epidemiological analysis of local disease
situations and favours the design of local solutions to replace
universal or blanket interventions, such as, for example, spraying of
residual insecticides for interrupting the transmission of malaria. There
will, therefore, be greater opportunities as well for water
management solutions that address local health problems and fit with
the local state of water resources and aquatic environment.

Devolution of operations to the local level may imply
discrepancies between the administrative boundaries and the natural
boundaries of watersheds. At the surveillance stage, such
discrepancies may create wrong impressions about the links between
water-related determinants of health; at the time of implementing
interventions, they may obstruct optimal water management
solutions, because the site where action is needed lies outside of the
jurisdiction of authorities that have to deal with the health problem.
Such problems can be overcome, either by dealing with them at a
higher level of government, such as a provincial government, or by
establishing effective institutional arrangements between the health
authorities and, for instance, river basin authorities.

The health sector is under pressure to control many of the water-
associated diseases. For a number of diseases, prevention through
vaccination campaigns is not an option, simply because a vaccine does
not (vet) exist. This is the case for malaria, dengue and the
gastrointestinal infections. Even the existing cholera vaccine is of too
low an efficacy to contribute significantly to public health efforts.
Insecticides for transmission interruption of vector-borne diseases
become increasingly less effective because of the development of
resistance in important vector species, while legally binding international
instruments such as the Stockholm Convention on Persistent Organic
Pollutants are also limiting use in some cases. As soon as a curative
approach is required, resistance of disease-causing organisms against
antibiotics and drugs becomes a phenomenon of growing importance,
undermining the treatment of bacterial as well as of some parasitic
infections. Even where effective tools are still available, they are often
out of reach of the poor, who either can not afford them or are not
adequately covered by resources-strapped health services.

It is against this backdrop of health sector constraints that the
potential of access to improved water sources and best water
management practice, basic sanitation and improved hygiene
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behaviour must be assessed. Major health gains can be achieved at
the household level through personal protection as indicated earlier.
Farming communities can be informed about the water management
options that both benefit agricultural production and reduce health
risks. Communities can also be mobilized to work towards improved
drinking water facilities, as well as being taught about drinking water
contamination risks at the household level and safe storage of drinking
water from unreliable supplies. Health workers operating at the district
level can verify the promotion of basic sanitation and hygiene
behaviour. In many instances, these local health workers will liaise with
the health sector's environmental health programme, through sanitary
engineers or environmental health inspectors.

The health sector structure is made up of a well-defined core of
health services delivery institutions with a more nebulous margin where
many of the more prevention-oriented programmes reside. These
include environmental health services, which tend to be characterized
by a lack of functional programme structure, poor career opportunities
and a general lack of resources. Yet the functions of environmental
health services are of great health importance in relation to the
regulation of environmental and social health risk factors. A number of
these relate to water resources, water supply and water management.

Strengthening of this programmatic weakness in the health
sector of most developing countries requires a number of important
points to be addressed, including:

the identification and definition of essential environmental
health functions, combining some of the traditional functions,
such as those related to drinking water supply and sanitation,
with new functions, such as those related to health-impact
assessment of water resources development;

the readjustment of the balance between operational functions
and regulatory functions, to ensure that sectors responsible for
water resource development and management decisions are
accountable, within existing public health legislation, for adverse
health impacts of their actions;

from its vantage point on the interface between the health sector
and other sectors, maintaining intersectoral coordination and
cooperation between the health sector core (epidemiological
surveillance and health services delivery) and those responsible for
water resource development and management in other sectors.

regular economic evaluations of the hidden costs transferred to
the health sector because of water resource development that
does not consider health issues, and cost-effectiveness analyses
of water supply and management interventions in comparison
with conventional health sector ones.

We all need 20 to 50 litres of water free from harmful contaminants
each and every day. However, the number of people who do not
benefit from anywhere near this amount is staggeringly high.
Deficiencies in water supply and sanitation coverage significantly
hamper economic opportunities for every one of those people
individually, and decrease the quality of their lives. Two critical
problems face the sector: first, keeping pace with a net population
growth of more than a billion people over the next fifteen years;
and second, closing the coverage and service gap, with an emphasis
on sanitation that lags considerably behind water supply.

Despite the fact that progress has been made during the past
ten years, and despite the fact that the right to water has been
internationally recognized as a human right, one sixth of the world's
population is still without water, and two fifths are without
sanitation.

Even more shocking is the number of deaths, mostly of
children, that are largely preventable through water/hygiene-
related measures, as well as deaths from water-related vector-
borne diseases, such as malaria and schistosomiasis, both of
which are rampant. They result in the loss of millions of life
years every year, and affect the physical, social and economic
well-being of populations. They reinforce the cycle of poverty
and powerlessness that keeps people trapped and unfulfilled as
well as slowing the ability of societies to develop. What can be
done?

On one level the answer is simple. Water management solutions
exist that can make significant inroads in combating both disease
and poverty. We need only apply them. More difficult, however, is
finding the will to do so. Taking an integrated approach can help,
for it then becomes clear how water and sanitation and health all
fit within a broader context of promoting human development. If we
are to meet our goals, we must not rest until the privileges of the
fortunate have been extended to those millions still deprived of
water, sanitation and health.
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Progress since Rio at a glance

Progress since Rio
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Saying of the Karen people

HEALTHY AND UNPOLLUTED NATURAL ENVIRONMENT is

essential to human well-being and sustainable development.

Our rivers and wetlands - and the communities of plants, fish,
birds, insects and wildlife they support - are an integral part of our
lives and provide the resource base that helps us meet a multitude of
needs. But as this chapter shows, the world’s freshwater ecosystems
are under great pressure. We use them as dumping grounds for waste,
we alter their natural flow by building dams, diversions and canals, and
we drain them for agriculture and other uses. How extensive is the
damage? Is it reversible? What are the trends? The chapter reports on
many local and national efforts to clean up and protect our water

resources, but the global picture remains disturbing.
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HROUGHOUT THE WORLD, people’s use of water is exerting pressure on the environment. Many rivers, lakes
and groundwater resources are already dried up and polluted. Drinkable water is increasingly scarce. By the
year 2025, it is predicted that water abstraction will increase by 50 percent in developing countries and 18

percent in developed countries, as population growth and development drive up water demand. Effects on the
world's ecosystems have the potential to dramatically worsen the present situation, and current assessments
suggest that existing practices are not adequate to avert this.

The Dublin Statement, emanating from the International
Conference on Water and the Environment of January 1992,
stressed that a holistic approach was required if water resources
were to be managed effectively. This was among the first
attempts to articulate policy goals in which the specific needs
identified by the water supply sector were integrated with
respect to broader issues relating to sustainability and
environmental conservation. Environmental issues were given
prominence at the United Nations Conference on Environment
and Development (UNCED) held in Rio in 1992 and a number of
targets relating specifically to biodiversity and ecosystem
protection were then incorporated into the Convention on
Biological Diversity (CBD).

Details were laid out in the freshwater Chapter 18 of Agenda
21, which devotes a Programme Area to the Protection of Water
Resources, Water Quality and Aquatic Ecosystems. The chapter
outlines overall direction for holistic freshwater management,
with supporting objectives in the protection of ecosystem
integrity for environmental health, water quality and water
source protection, and of biodiversity protection in its own right.
The Programme Area on Water and Sustainable Food Production
and Rural Development was underpinned by the sustainability of
the environment to support rural livelihoods.

In 1998, the World Water Council set up a commission to
produce a 'Vision' for the world's water, towards the end of a
decade that had seen rapid growth in awareness of freshwater
resources management as a global environmental issue. The
primary contribution on environmental aspects was the World
Vision for Water and Nature (IUCN, 2000), based on the
understanding that the protection of ecosystems must remain
central to sustainable development because environmental
security, social well-being and economic security are intricately
intertwined and fundamentally interdependent. Degradation of
any one will worsen the condition of all three. This requires that
two basic concepts be acknowledged:

= ecosystems have intrinsic values and provide essential goods
and services;

= sustainability of water resources requires participatory
ecosystem-based management.

The Vision is supported by targets defined at the Second World
Water Forum (2000), including:

= setting national strategies for sustainable development in
every country by 2005;

= setting national standards to ensure the health of ecosystems
in all countries by 2005, and implementing programmes to
improve the health of freshwater ecosystems by 2015; and

= implementing programmes to protect surface and
groundwater resources by 2003 with defined standards
achieved by 2010.

These targets and the new ethic of environmental stewardship
provide a framework for assessing progress towards protecting
ecosystems for environmental health, water quality, natural
resources and biodiversity. This chapter offers an overview of the
significance and use of freshwater ecosystems, the nature of the
pressures to which they are subject and ways to measure
ecosystem quality. It assesses the current status of a number of
different ecosystem types and discusses progress towards
effective management.
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Water has the pivotal role in mediating global ecosystem processes,
linking together the atmosphere, lithosphere and biosphere by
moving substances between them and enabling chemical reactions
to take place. Not only is it essential for maintaining living
organisms, but its physical properties allow it to be used by humans
for energy generation, transport and waste disposal, and in a
variety of industrial processes. Access to a sufficient amount of
good-quality water is essential to human health; productive
freshwater ecosystems are crucial to the livelihood of fishers and
other littoral communities; and healthy freshwater systems provide a
range of services to people worldwide.

The term ‘ecosystem’ refers to the communities of plants, animals and
other organisms, and the physical environment of any given place,
these elements being linked by the flow of energy and the circulation
of materials from producers to consumers and decomposers. Because
the term refers primarily to system processes rather than a defined
place, it can be used at a range of spatial scales, so that one may
refer to aquatic - as opposed to terrestrial - ecosystems, or generic
'lake ecosystems' or to an individual lake as ‘an ecosystem'.

The presence of liquid water is one of the defining features of
planet Earth, and water is virtually ubiquitous in the global
environment. This chapter is concerned only with freshwater
ecosystems in the traditional sense, that is surface water including
rivers, streams, lakes, ponds, marshes and other wetlands, together
with the ground or soil water to which they are linked and deeper
aquifers.! These include intrinsically valuable natural or semi-natural
systems, and also increasingly a number of man-made or artificial
aquatic environments. Artificial ecosystems may be very extensive
and retain their own biological value, for example the flooded rice
agro-ecosystems in Asia, or also be important in terms of the
function they provide. In a broader sense, however, almost the entire
terrestrial environment can be considered a ‘freshwater ecosystem’

1. In practice, the terms ‘freshwater ecosystem’ and ‘inland water ecosystem' (or
derivatives) tend to be used interchangeably, although the latter is more inclusive in
covering enclosed saline waters and estuaries. In traditional usage, ‘wetland refers
to areas of waterlogged soil and of land, such as river floodplain, that is seasonally
or permanently covered by relatively shallow water. In the broader usage of the
Ramsar Convention, wetlands are ‘areas of marsh, fen, peatland or water, whether
natural or artificial, permanent or temporary, with water that is static or flowing,
fresh, brackish or salt, including areas of marine water the depth of which at low
tide does not exceed six metres’.

because all known life forms depend on water. Almost all
landscapes and microhabitats interact with water during the
hydrological cycle and in fact, the evaporative part of the
hydrological cycle would constitute by far the greatest ‘use’ of
water.

While surface waters can include biological communities of
considerable complexity, with representatives from many different
phyla, or categories of organisms, species in soil water mainly
comprise fungi and other micro-organisms, and deep aquifers are
sterile or inhabited by a very few kinds of archaea and bacteria.
Cave waters, notably in karst regions, often include specialized
restricted-range species of invertebrates, fish and amphibians. At
higher taxonomic levels, global diversity in freshwaters is lower than
on land or at sea (with only one phylum, Gamophyta, entirely
confined to freshwaters). At the species level, diversity appears to
be high in relation to habitat extent; for example, globally the
number of fish species per unit volume of water is more than 5,000
times greater in freshwaters than in the sea. Terrestrial or
hydrological barriers to dispersal promote endemism in freshwater
species, and many fish and other inland water species are restricted
to individual water systems, such as river basins, lakes and caves, or
to particular stretches of river or lake edge.

For many purposes, the catchment (watershed, basin), defined as
the entire land surface from which water flows downhill to a given
point, is the principal unit of management. While the catchment
approach is desirable, it is not alone sufficient to address all issues
related to inland water ecosystems. The quantity and quality of water
reaching the coast affects estuarine and coastal waters; catchments
can be interconnected by infrastructure; aquifers in which groundwater
occurs may bear little relationship to the surface topography that
determines the geometry of river catchments; and economic and social
factors external to a single catchment can exert significant impacts.

The living and the abiotic components of an ecosystem (organisms,
sediment, water) interact in many ways, engaging in processes that
may be biological, physical, chemical or hydrological in nature
(organic production, nutrient cycling, carbon storage, water
retention, habitat maintenance). Some ecosystem components may
be regarded in economic terms as 'goods’ and the functional results
of ecosystem processes as ‘services'. Humans derive direct and
indirect benefits from both aspects of ecosystems, and from
properties such as ‘biodiversity' that can be attributed to
ecosystems. Several different classifications of these benefits have
been produced as aids to discussion and analysis; one example is
given in table 6.1. Some benefits depend on the presence of
particular individual species. Elements of biodiversity thus underlie
most of the benefits and functions cited.
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Table 6.1: Simplified classification of services provided by water
ecosystems

Production

Water (drinking, irrigation)
Food (fish, rice)*

Raw materials (reeds)*
Energy (hydroelectric)
Species habitat

Genetic resources™

Regulation

Buffering (storm protection, flood control, storage)*

Biogeochemical cycling (oxygen production, carbon storage, methane)*
Waste removal (filter-feeding invertebrates, sediment micro-organisms)*
Climate (local)

Biological control (pest control, pollination)*

Other

Recreation and tourism*
Cultural uses*

Transport

* Ecosystem services include all functional results of ecosystem processes. All items marked with
an asterisk depend on elements of biodiversity, that is, on the presence of species and communities
of organisms, and their ecological attributes.

Source: Modified from IUCN, 2000.

Maintenance of the entire range of goods and services derived
from any ecosystem depends on the continued presence of key
components (e.g. water, key fishery species, sediment communities,
marginal vegetation) and continuation of ecosystem processes (e.g.
water retention, removal of pollutants). In the case of natural
freshwaters - unmodified systems with all components, processes and
attributes essentially intact at all relevant scales are generally of the
greatest intrinsic value and can be considered to have high ecological
integrity. In different terms, this may be taken as broadly equivalent to
good 'ecosystem health' status. In artificial systems, however,
ecosystem integrity is best reflected by the purpose they are designed
to serve and the quality of the specific goods or services derived. While
pristine natural systems may be of greatest value, particularly in terms
of biodiversity and hence their potential use for future human
generations, it is important to note that systems with some degree of
impact are often also of high significance. Highly modified systems may
have their own value (for example the low-intensity grazing marshes of
southern England). Degraded systems may be restorable where this can
be identified as a shared societal goal.

Pressures on Freshwater Ecosystems

A wide range of human uses and transformations of freshwater or
terrestrial environments has the potential to alter, sometimes
irreversibly, the integrity of freshwater ecosystems. Activities and their
potential impacts on ecosystem health are summarized in table 6.2.

It is a familiar observation that human numbers, biomass and
technological capacity have had enormous impacts on the biosphere,
mainly through land conversion, consumptive use of resources and
disposal of waste. Persistence of the human species will, as a
consequence of simple ecological principles, continue to exert such
pressures, leading to a number of challenges:

= potential conflict between the interests of upstream users versus
downstream users, at local, national or international levels; and

= the need to assess and prioritize the range of water uses, in
particular those that can immediately support local human
development (for example. drinking water, irrigated agriculture,
hydroelectric power, fisheries) in relation to those with benefits
that may be realized mainly at larger scales or over longer
periods of time such as flood control, recreation, biodiversity
maintenance. An interesting illustration is the historic approach
of wetland drainage for malaria control (see box 6.1).

Water is a resource that is not permanently transformed by use in
the same way that many other natural resources (e.g. timber,
fisheries, rubber) are. At the global level, essentially the same
amount remains after use as before; although it can be reused, its
quality is likely to decline progressively without processing
through industrial or natural biological systems. Regardless of the
global stock of water, at a local (or catchment) level it is common
for water to be either in very short supply, or in great excess, at
any one time or place, and water uses can be regarded as
consumptive (e.g. irrigation) or non-consumptive (e.g.
hydropower). Some uses of water, for example for irrigation,
power generation or industrial cooling, do not have narrow water
quality requirements. Other uses, of which the single most
important is human drinking water, require water of a certain
quality (in terms of solutes, micro-organism populations, etc.).
Potential conflicts of interest arise when any given stock of water
is used for different purposes and at different times and places
(see chapter 12 on sharing water).

From the water quality and human environmental health
perspectives, control of chemical and biological pollution is of key
significance in protecting ecosystems. Many human activities, from
water supply and sanitation to transport, mining and the chemical
industry, have the potential to pollute water. This pollution may
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Table 6.2: Pressures on freshwater ecosystems

Human activity
Population and consumption

growth

Infrastructure development
(dams, dikes, levees,
diversions)

Land conversion

Overharvesting and exploitation

Introduction of exotic species

Release of pollutants to land,
air or water

Potential impact

Increases water abstraction and acquisition of cultivated land
through wetland drainage. Increases requirement for all other
activities with consequent risks

Loss of integrity alters timing and quantity of river flows,
water temperature, nutrient and sediment transport

and thus delta replenishment, blocks fish migrations
Eliminates key components of aquatic environment, loss of
functions; integrity, habitat and biodiversity, alters runoff
patterns, inhibits natural recharge, fills water bodies with silt
Depletes living resources, ecosystem functions and biodiversity
(groundwater depletion, collapse of fisheries)

Competition from introduced species alters production and
nutrient cycling, and causes loss of biodiversity among

native species

Pollution of water bodies alters chemistry and ecology of
rivers, lakes and wetlands. Greenhouse gas emissions
produce dramatic changes in runoff and rainfall patterns

Function at risk

Virtually all ecosystem functions including habitat, production
and regulation functions

Water quantity and quality, habitats, floodplain fertility, fisheries,
delta economies

Natural flood control, habitats for fisheries and waterfowl,
recreation, water supply, water quantity and quality

Food production, water supply, water quality and water quantity
Food production, wildlife habitat, recreation
Water supply, habitat, water quality, food production. Climate

change may also impact hydropower, dilution capacity, transport,
flood control

A wide range of human uses and transformations of freshwater or terrestrial environments has the potential to alter, sometimes irreversibly, the integrity of freshwater ecosystems.

Source: IUCN, 2000.

With the 1898 discovery that anopheline mosquitoes alone
transmitted the malaria parasite (and, about the same
time, the discovery of other mosquito genera and vector-
borne diseases) a period of disease control activities
started focusing on ‘source reduction’. By eliminating the
aquatic breeding habitats of mosquitoes, their population
densities were reduced and disease transmission
interrupted. Anticipating later integrated rural development
approaches, malariologists, engineers and agronomists
collaborated to reduce the disease burden and promote
agricultural development at the same time. The drainage of
the Pontine Marshes near Rome in the 1930s remains the
most well-known example, though it remains small
compared to what colonial governments achieved in, for
example, India, the Malaysian peninsula and Indonesia. The
advent of residual insecticides put an end to this approach.
From today's perspective, with the high value given to
wetlands, such an approach to disease control is
inconceivable. Yet the conflict of interest between human

health and environmental integrity needs to be assessed
for each specific location. To start with, wetland drainage
would not, generally, be the practice of choice in Africa
south of the Sahara, where the world's main malaria
burden (90 percent) persists. The local vector species is
ecologically too versatile and transmission patterns too
intense to be influenced by reducing the density of
mosquito population alone. In other parts of the world, the
trade-offs between impacts on the environment of limited
drainage (or other interventions in the hydrology) and of
the recurrent use of insecticides as mainstay interventions
will need to be assessed locally. Wetland communities will
need to be protected by specially targeted interventions for
malaria control such as placing mesh screens in house
windows, doors and eaves, and the intensified use of
mosquito nets. Also, in an environment with an increased
malaria risk, access to health services, often already more
difficult in wetland areas, will need to be greatly facilitated
to allow for early detection and treatment.
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arise from point sources, such as discharge pipes, or be more
diffuse in nature, arising for example from agricultural land use.
Pollutants can be classified into a number of classes (table 6.3).

The most frequent sources of pollution are human waste (with
2 million tons a day disposed of in water courses), industrial wastes
and other chemicals including agricultural pesticides and fertilizers.
It has been calculated that humans currently use about 26 percent
of total terrestrial evapotranspiration and 54 percent of accessible
runoff (Postel et al., 1996). By some estimates (Tilman et al.,
2001), the expansion of agricultural demand for food by a wealthier
and 50 percent larger global population could drive the conversion
of an additional billion hectares of unmodified ecosystems to
agriculture by 2050. This could result in nitrogen- and phosphorus-
driven eutrophication of terrestrial, freshwater and near-shore
marine ecosystems being more than doubled, with comparable
increase in pesticide use. An example of current and predicted
emissions of nitrogen and organic pollutants from different sectors
is shown in figure 6.1.

Impacts of water use on quality differ between sectors and are
not symmetrical between uses. Thus, recreational use such as
swimming and fishing upstream will have no impact on downstream
waste disposal; inversely, waste disposal upstream can have an
impact on recreational use downstream. Water conditions, including

Figure 6.1: Emissions of water pollutants by sector

Table 6.3: Types of pollutants affecting freshwater ecosystems

Nutrients such as nitrogen and phosphorus from fertilizers and manures
Faecal and other pathogens from livestock and human waste

Soil particles from farming, upland erosion, forestry, urban areas and
construction and demolition sites

Pesticides, veterinary medicines and biocides from industrial, municipal and
agricultural use

Organic wastes (slurries, silage liquor, surplus crops, sewage sludge and
industrial wastes)

0il and hydrocarbons from vehicle use and maintenance

Chlorinated solvents from industrial areas

Metals, including iron, acidifying pollutants and chemicals from atmospheric
deposition, abandoned mines, industrial processes

Endocrine-disrupting substances (particularly oestrogenic steroids deriving from
human contraceptive pills, linked to feminization of male fish)

sediment load and volume of inflow, may also be affected by land
use decisions applied to terrestrial parts of the catchment basin.
Many uses of aquatic ecosystems (e.g. fisheries, recreation, water
purification, biodiversity maintenance, some forms of flood
reduction) depend on ecosystems that are at or close to natural
conditions. Other uses (e.g. hydropower, irrigation, transport) are
less dependent on ecosystem condition, and often lead to highly
engineered environments.

Mega tons Total % change 1995-2020
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The figures give current and predicted pollutant percentages by sector. In 1995, agriculture was responsible for a more or less equivalent amount of biological oxygen
demand (BOD) in both OECD (Organization for Economic Cooperation and Development) and non-OECD countries; yet this trend is reversing, and agriculture in non-OECD
countries is expected to load two times more BOD in waterways than OECD countries by 2020.

Source: OECD, 2001.
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In addition to considerations of water quality, the integrity and
health of aquatic ecosystems depend on the maintenance of
adequate quantities of water. Increasingly it is clear that the timing
of water availability, for example flow regime and flooding events, is
as important as absolute minimum quantities for most natural
systems. While natural aquatic systems are typically able to
withstand seasonal or annual variation in water supply, and hence
have a degree of resilience to artificial perturbations, sustained
reductions in water quantity can dramatically alter ecological
balances and degrade the system. A major challenge in water
resource management is therefore to identify critical ecosystem
requirements in order to deliver appropriate water quantities for
human social and economic needs, within the temporal and spatial
constraints of environmental protection. This is the first step to
restoring ecosystem health in such circumstances.

Appropriate measures (or indicators) of ecosystem health, whether
direct or indirect, are a prerequisite of holistic water management.
With a key policy focus on environmental protection, measures
must include tools for assessing status or monitoring trends in
terms of public health, water quality, natural resource production
and biodiversity.

To date, much discussion of terrestrial ecosystems has focused
on changes in total area. At a gross level, loss of habitat (for
example the loss of wetland through drainage) provides a useful
general indicator of global trends in freshwater ecosystem
condition, particularly in the context of natural resource provision.
Rivers however are essentially linear systems and area is therefore
inappropriate as an indicator. In addition, it is clear that more
sophisticated measures of overall condition are needed, which are
able to integrate extent and ‘quality’ of freshwater systems to allow
tracking of changes over time. Ecosystem ‘quality’ as discussed
earlier is reflected by the overall state of ecosystem processes
together with the relative value of the individual components and/or
the biodiversity of the system as a whole. A range of indicators and
methodologies have been developed towards this goal. Broadly
speaking, these can be divided into water quality indicators (both
physico-chemical and biological), hydrological information and
biological assessment, including measures of biodiversity. There are
a few other indirect approaches that are of use in specific
situations. These include evidence of change derived from observed
changing patterns of human use of an aquatic ecosystem: for
example, a decline in the number of fishers might indicate decline
in the availability of target fish species.

Monitoring physico-chemical water quality has historically been a key
means of assessing ecosystem health. In providing a direct measure
of the concentration of substances known or believed to affect
humans or other species, water quality provides an essential link
between ecosystem health and environmental health (in its traditional
sense of public health). Water quality monitoring standards have been
effective in comparing sampled water for compliance, and regulating
point and non-point source pollution. Other physico-chemical
variables provide useful indicators of risk to human health, or water
quality issues that might compromise other uses or the needs of a
particular ecosystem component. These indicators include measuring
the amount of faecal coliforms (as an indicator of potential
pathogens from human or animal waste) and biological oxygen
demand (BOD), which indicates organic loading and the capacity of a
river system to purify industrial or other effluents.

Biological water quality indicators have been adopted, for
example, by the United States Environmental Protection Agency (US
EPA), by Environment Australia, by the United Kingdom Environment
Agency and by many other similar national and subnational bodies
(see figure 6.2 for an example of these indicators taken for United
Kingdom rivers). These provide a complementary measure to
chemical water quality and are useful in assessing intermittent
pollution or impacts of unknown contaminants. The procedures used
for analysis can vary significantly, and there is a growing technical
literature on sampling and related statistical issues (Lillie et al.,
2002; Wright et al., 2000; Barbour et al., 1999; TNC, 1999).
Community structure indicators (such as the numbers and kinds of
organisms dwelling adjacent to the bottom sediment) rather than
individual-species indicators, may give greater accuracy and less
uncertainty in detecting water quality change, but may also increase
resources needed for data collection and analysis. Similarly,
composite indices based on a numerical integration of multiple
separate indicators of a range of ecological attributes can, in some
circumstances, strengthen data interpretation and yield a more
robust assessment of overall biological condition. In the United
Kingdom, the River Invertebrate Prediction and Classification Scheme
(RIVPACS) enables biological indices for benthic macro-invertebrates
to be predicted, based on unimpacted sites in rivers of similar
physical and chemical characteristics. Significant differences between
observed and predicted scores can be used to highlight potential
issues and biological classifications of rivers produced (see table
6.4). A similar approach is used in several catchment- and state-level
programmes in the United States, for example, applying protocols
developed by the US EPA (Barbour et al., 1999).
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Figure 6.2: Biological quality of United Kingdom rivers, 1990-2000
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The biological water quality indicators here applied to United Kingdom rivers show that there are a far greater number of rivers classified as ‘very good', and there is a decreasing number
of those classified as 'poor’ or 'bad'. The indicators therefore show the general improvement in water quality in the United Kingdom.

Source: Adapted from Environment Agency, UK, 2002.

Hydrological information

Hydrological information has also been widely used in determining
the condition of ecosystems. River flows, water levels in wetlands,
extent of flooding, storage capacity of aquifers and recharge rates,
lake volumes and rainfall data are hydrological variables that provide
a useful handle on the existing condition and changes in freshwater
ecosystem condition. A long-standing challenge in hydrology, one
which poses a constraint through its persistence, is that
measurements of river flows (or other variables) contain the signal
of humanity's changing impact within long data series. While this is
actually of value in detecting climate change impacts, it hinders our
ability to quantify the ‘natural condition’ of the hydrological cycle.
Much effort is therefore devoted to the 'naturalization’ of data by
operational hydrological services - adjusting observed but
‘unnatural’ river-flow data series (over many years) to a consistent
baseline that is representative of natural conditions. This is a
precursor to many forms of impact assessment.

At the global level, there is a large amount of quantitative
information on hydrological flows, thanks to initiatives such as the
Global Runoff Data Centre (GRDC), and on several variables relevant
to water quality (e.g. the Global Environment Monitoring Systems
Freshwater Programme [GEMS/WATER]). Highly detailed regional and
national data are available in most areas, albeit within the

constraints of the purpose for which the monitoring was originally
established, which was rarely ecological. Hydrological tools and
datasets for water resources assessment are discussed more
generally in chapter 4.

Biological assessment
Although no single direct measure of ecosystem condition is
possible, and it is impractical to routinely assess its various
components (resistance, resilience), biological assessments are
generally held to be potentially indicative of ecosystem condition.
Because organisms have a fundamental and integral role in
ecosystem processes, tracking change in aspects of community
organization is likely to be an efficient, if indirect way, to track
causal changes in a wide range of variables that impact on
ecosystem integrity. In contrast to physico-chemical indicators, these
changes will be integrated temporally over a scale related to the
lifespan of the organisms assessed. Biological criteria can be used
to set the biological quality goal that is reached by implementing
appropriate management of chemical and physical variables.
Many types of biological assessment aim to set a baseline
corresponding to natural or relatively unmodified conditions,
commonly designated as the target condition (e.g. Brink et al.,
1991). The common first step then is to collect data on the
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occurrence of taxa of organisms at a range of reference sites. This
information can be used to characterize the communities present in
relatively unmodified natural water bodies of each kind, primarily in
terms of the spectrum of taxa recorded in a sampling programme
(often families, sometimes other taxonomic units and sometimes
with additional data on abundance). This then defines the
community expected to occur in other systems of the same kind in
comparable regions that have not yet been surveyed. Communities
present in these newly surveyed systems are liable to differ from
what is expected if the ecosystem has been significantly modified in
some way. They are usually less diverse taxonomically (often with an
increased abundance of those species tolerant of changed
conditions or of invasive elements), and this provides a measure of
the degree of degradation in the system. Lowveld rivers of southern
Zimbabwe, long-regulated by upstream reservoirs to supply the
sugar industry, have suffered significant losses of species
characteristic of ephemeral and seasonal rivers, and have been
invaded by species that favour more constant, year-round flow.

A good example of the baseline approach is the Water Framework
Directive (WFD) adopted across the European Union in 2000. The basis
of the WFD is a requirement for member states to develop integrated
management in all ‘river basins' in order to achieve ‘good' or ‘high'
ecological status in all water bodies by 2015. Ecological status is
assessed by a series of measures that collectively may be taken as
indicating a departure from natural or pristine conditions for any given
category of water body (table 6.4). Data are evaluated against a set
of normative definitions of five categories of ecological status. The
categories range from 'high’, representing absence of anthropogenic

Table 6.4: Quality indicators for classifying the ecological status of rivers

Biological elements

composition and abundance of aquatic flora

composition and abundance of benthic invertebrate fauna
composition, abundance and age structure of fish fauna
Hydromorphological elements

hydrological regime

river continuity

morphological conditions

Chemical and physico-chemical elements supporting
biological elements

thermal

oxygenation

salinity

acidification

nutrient status

specific pollutants

Source: Modified from EEC, 2000.

disturbance in all variables, or only very minor alteration, through to
‘bad’, reflecting extensive departure from natural conditions. Identifying
the baseline reference conditions from which this can be defined has
proved to be the key challenge, reflecting the virtual lack of truly
‘pristine’ sites in the developed world.

A constraint of biological assessment methodologies, particularly
in terms of water quality assessment, is that while they have been
shown to work well within the context of a single country, few
attempts have yet been made to integrate the existing range of
national measures into a global indicator system. Standard datasets
do not readily lend themselves to harmonization between countries.
It may be possible, however, to adopt a standard classification by
which to interpret disparate national datasets, and so derive effective
information on trends over time at a continental or even a global
level. The development of the WFD is clearly a step in this direction.

A further constraint with many bioassessment approaches
(particularly water quality indices) is that it is not yet clear how
readily they can be applied to large and complex tropical freshwater
ecosystems. Rather than developing a statistically robust profile of
unmodified biodiversity, the focus in these systems has tended to
be on performing a rapid inventory of biodiversity. A typical example
is the AquaRAP joint initiative by Conservation International and the
Field Museum of Chicago, assessing the biological and conservation
value of tropical freshwater ecosystems.

In all systems, even with the relatively good availability of data
on water quality, there remains a fundamental need for better
information on biodiversity, in particular because biodiversity
underlies so many of the services provided by freshwater
ecosystems. Changes in biodiversity may occur in response to an
enormous range of environmental factors including water quality,
quantity and periodicity, the individual significance of which may be
unclear. While not substituting for water quality information, which
is essential for health-related management goals, biodiversity
measures do have the potential to provide an integrated measure of
overall ecosystem condition.

Such an approach may therefore be the most cost-effective
option where the goal is to develop an integrated water
management system that achieves ecosystem protection. The
methods are relatively straightforward to implement, and can be
repeated systematically in order to provide a strong indicator of
trends in aquatic communities over time. They can also be
supported where appropriate by narrower indicators, e.g. nitrate
level, acidification, amenity value, or the presence or abundance of
introduced species (box 6.2).

There is increasing interest in the links between ecosystem
health and human health. Harvard University, in collaboration with
the World Health Organization (WHO) and the United Nations
Environment Programme (UNEP), is preparing a state-of-our-
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Box 6.2: Non-native species

The 'National Census of River and Waterside' in Japan aims
to provide information relevant to ecosystem condition,
focusing on aquatic species (e.g. fish, molluscs, benthic
organisms, plants) and human water-related activities.
Alien species such as black bass Micropterus salmoides and
other North American fish are included. The data show the
number of reservoirs where the species were recorded

during two survey periods. This evidence suggests that the
distribution of introduced species is increasing in the
country (seven additional reservoirs showed introduced
species during the second survey), and the number of sites
where they occur provides a useful indicator of ecosystem
condition.

1st survey (1991-1995) found not found found not found
2nd survey (1996-2000) found found not found not found
Number of reservoirs 26 0 42

Source: Water Resources Environment Technology Centre (Japan), 2001.

knowledge publication on biodiversity and its implications for human
health. Such links are highly complex with many confounding factors,
but water is @ common theme throughout. So far, it is clear that:

= high levels of biodiversity imply a great deal of diversity in
pathogens and vectors, which in part explains the burdens of
high infectious disease in the tropics; and

= where ecosystem degradation causes loss of biodiversity, more
often than not this habitat simplification works in favour of
species that play a role in the transmission of human disease.

In managing ecosystems, bath ecosystem integrity and the
environmental determinants of human health need to be taken into
account. Local communities must be involved and their health (and the
health of their children) will provide a strong incentive for doing so. The
Primary Health Care approach developed by WHO and the United Nations
Children's Fund (UNICEF) following the 1978 Alma Ata Conference
(Declaration of Alma Ata, 1978) and the Primary Environmental Care
approach championed by the World Conservation Union (IUCN) in the
early 1990s should be integrated to serve as a basis for community
action aimed at improving ecosystem and human health.

Lake Malawi (southern Africa) is an aquatic system that was
originally endowed with a great deal of fish and also freshwater snail
biodiversity. However, loss in fish biodiversity has resulted in the
favouring of certain snail species that play a role in the transmission
of schistosomiasis. The increased health risk has greatly affected the
tourist industry of Malawi and the whole economy has declined. The
Global Environment Facility (GEF) project for Lake Malawi is unique in
that it is the only one combining biodiversity and human health.

Assessment of Current Ecosystem
Condition and Trends

Global condition of freshwater ecosystems

There is a wealth of data on the condition of freshwater ecosystems
around the world ranging from quantitative local and global data to
anecdotal or unstructured qualitative information. A recent attempt to
synthesize available information on freshwater ecosystems worldwide
(Revenga et al., 2000) reviewed data on the extent of human
modification, water quantity, water quality, fisheries and biodiversity
(some twenty-two measures in all), and suggests that at a global
scale the picture is not encouraging. Among the conclusions:

= 60 percent of the world's 227 largest rivers are strongly to
moderately fragmented by dams, diversions and canals, and a
high rate of dam construction in the developing world threatens
the integrity of remaining free-flowing rivers;

= water quality appears to have declined worldwide in almost all
regions with intensive agriculture and large urban/industrial areas;

= historical data for well-studied commercial fisheries show
dramatic declines throughout the twentieth century, mainly from
habitat degradation, invasive species and overharvesting.

Another study aimed at global assessment (Groombridge and Jenkins,
1998) used the terrestrial Wilderness Index (a measure of the spatial
extent of roads, settlements and other human infrastructure) to

estimate the probable degree of anthropogenic disturbance to major
river basins. Because degradation of freshwater ecosystems is highly
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Map 6.1: Relative naturalness of land in major world river basins
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This map shows the area of spaces formed by the forces of nature, and where humankind's imprint is not yet significant. Vast regional and continental disparities can be

noted, corresponding to a large degree to population density disparities.

Source: Map prepared for the World Water Assessment Programme (WWAP) by the Centre for Environmental Research, University of Kassel, Germany, based on data from UNEP-WCMC from 1998.

correlated with impacts on land, the results (see map 6.1) provide a
guide to the possible condition of aquatic systems within each basin.
This measure is indirect and therefore somewhat imprecise because,
for example, pollutants from a point source may significantly impair
water quality while the terrestrial catchment remains relatively
undisturbed (as is the case for parts of the Amazon drainage basin
in South America). Nonetheless, the impact of social and economic
development on the natural state of the environment is clear, and
lack of data for key areas is highlighted.

A more direct indication of current condition can be derived
from the vast amount of global water quality data available. A
global assessment (UNEP, 2002), developed with the participation of
national and regional experts noted inter alia the widespread
occurrence of poor water quality, the diversion of water from
natural aquatic ecosystems, and the emerging problems with
groundwater quality and recharge. Indications of relative water
quality in 122 countries are given in table 6.5.

Pressures are particularly severe in developing countries where
institutional and structural arrangements for the treatment of

municipal, industrial and agricultural are often poor. This is reflected in
increased pollution from industrial organic substances, acidifying
substances from mining and atmospheric emissions, heavy metals from
industry, ammonia, nitrate and phosphate pollution from agriculture,
pesticide residues (again from agriculture), sediments from human-
induced erosion to rivers, lakes and reservoirs and salinization.

In developed countries, waste-treatment facilities have reduced
levels of bacteriological contamination and key issues with regard to
water pollution are persistent substances, including pesticides,
hydrocarbons and endocrine disruptors. In both developed and
developing countries, loss of ecosystem integrity through poor
water quality compromises the use of the resource for drinking
water, food production and other aspects of human health. One of
the most significant forms of river pollution is nutrients, although in
recent years introduction of tertiary treatment of wastewater has
resulted in improved levels of phosphorus and organic matter (but
not in nitrate levels) in many more developed countries.
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-Iq—", Table 6.5: Water quality indicator values in selected countries
c
(1°) Indicator Country Rank Indicator  Country Rank Indicator  Country Rank
E value value value
O 1.85 Finland 1 M Estonia 42 -33 Kazakhstan 83
% 1.45 Canada 2 M Panama 43 -33 China 84
1.53 New Zealand 3 10 Slovakia 44 -33 Libya 85
2 1.42 United Kingdom 4 10 Turkey 45 -35 Papua New Guinea 86
(= 1.32 Japan 5 10 Trinidad and Tobago 46 -.35 Malaysia 87
o 1.31 Norway 6 09 South Africa 47 -.35 Israel 88
g 1.30 Russian Federation 7 .09 Croatia 48 -.36 Honduras 89
o 1.27 Republic of Korea 8 .08 El Salvador 49 -37 Paraguay 90
(=) 1.19 Sweden 9 .06 Fiji 50 -.37 Uzbekistan 91
S 1.13 France 10 .04 Bulgaria 51 -39 Azerbaijan 92
(V) 1.09 Portugal 1 04 Botswana 52 -.40 Gabon 93
E 1.04 United States 12 -01 Venezuela 53 -42 Senegal 94
(aD)] 1.03 Argentina 13 -.02 Lithuania 54 -47 Ukraine 95
i 93 Hungary 14 -04 Jamaica 55 -49 Bhutan 9%
> 91 Philippines 15 -.06 Ecuador 56 -49 Madagascar 97
8 87 Switzerland 16 -.06 Germany 57 -53 Togo 98
(] .86 Ireland 17 -.08 Zimbabwe 58 -54 Tunisia 99
Ll 85 Austria 18 -.08 Peru 59 -59 Thailand 100
oY) 74 Iceland 19 -1 Lebanon 60 -.61 Haiti 101
c 73 Australia 20 -13 Romania 61 -.62 Nigeria 102
'-|: .70 Netherlands 21 -14 Albania 62 -.64 Mozambique 103
g 66 Mali 22 -.15 Egypt 63 -.64 Algeria 104
-+ .64 Brazil 23 -.16 Sri Lanka 64 -.67 Zambia 105
E 63 Slovenia 24 -.18 Saudi Arabia 65 -.69 Mexico 106
(ol .62 Singapore 25 -19 Armenia 66 -70 Benin 107
61 Greece 26 -2 Bolivia 67 -70 Uganda 108
.60 Cuba 27 -2 Cameroon 68 -74 Ethiopia 109
.58 Spain 28 -22 Moldova 69 =77 Indonesia 110
.55 Denmark 29 -22 Tanzania, United Rep. of 70 =77 Malawi 1M1
52 Iran 30 -22 Belarus Al =77 Mauritius 112
47 Italy 31 -23 Macedonia 72 -.78 Rwanda 113
39 Uruguay 32 -23 Viet Nam 73 -.81 Central African Republic 114
.39 Kuwait 38 -24 Mongolia 74 -.95 Burundi 115
37 Poland 34 -.26 Kenya 75 -1.0 Burkina Faso 116
27 Colombia 35 -.28 Dominican Republic 76 -1.04 Niger 117
27 Czech Republic 36 -28 Kyrgyz Republic 77 -.06 Sudan 118
23 Ghana 37 -28 Nepal 78 -1.26 Jordan 119
23 Costa Rica 38 -29 Syria 79 -1.31 India 120
19 Chile 39 -.30 Pakistan 80 -1.36 Morocco 121
18 Bangladesh 40 -.30 Guatemala 81 -2.25 Belgium 122
.15 Latvia 4 -32 Nicaragua 82

Pressures on water quality are particularly severe in developing countries where institutional and structural arrangements for the treatment of municipal, industrial and agricultural are often poor.

Source: Esty and Cornelius, 2002.
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Serious concern for inland water biodiversity at the global level was
raised in the early 1990s (e.g. Moyle and Leidy, 1992), mainly
referring to evidence on the conservation status of fish. Most of the
relatively few reviews that have attempted a global perspective have
appeared only during the past six years (Revenga et al., 2000;
Groombridge and Jenkins, 1998; Revenga et al., 1998; McAllister et
al., 1997; Abramovitz, 1996). These still rely heavily on information
relating to fishes, but draw on many other case studies of groups
where information is available, e.g. for molluscs in United States
waters, and also deal in increasing detail with threat factors and
their sources.

Table 6.6 shows data relating to a sample of the relatively few
countries where the fish fauna is reasonably well-characterized and
assessed. The data of interest relate to the number of species that
have been evaluated under the IUCN categorization system and
determined to be threatened with extinction, and the percent that
this represents of the national freshwater fish fauna. In a
geographically widespread sample of countries, the proportion is
20 percent or greater. At a global level, around 24 percent of
mammals and 12 percent of birds (both of which groups have been

Table 6.6: Numbers of threatened freshwater fish in selected countries

Total Threatened %
species species threatened

United States 822 120 15
Mexico 384 82 21
Australia 216 27 13
South Africa 94 24 26
Croatia 64 22 34
Turkey 174 22 13
Greece 98 19 19
Madagascar iyl 13 32
Canada 177 12 7
Papua New Guinea 195 " 6
Romania 87 " 13
[taly 45 " 24
Bulgaria 72 " 15
Hungary 79 10 13
Spain 50 10 20
Moldova 82 9 "
Portugal 28 9 32
Sri Lanka 90 9 10
Slovakia 62 9 15
Japan 150 9 6

The countries listed here have the greatest number of globally threatened freshwater fish
species, and are ordered by threatened species number. The fish faunas of these twenty
countries have been evaluated completely, or nearly so.

Source: Groombridge and Jenkins, 2002; total species estimates (all approximate) from UNEP-WCMC
database; threatened species data from online Red List http://www.redlist.org (4 March 2002).

comprehensively assessed) are in threatened categories (Hilton-
Taylor, 2000). Only about 10 percent of the world's fish have been
assessed, the great majority of these being from inland waters, but
30 percent of those are listed as threatened. More than 150 turtle
species worldwide are restricted to, or occur in, freshwaters, and
ninety-nine were categorized as threatened in 2000, equivalent to
about 60 percent of all the freshwater forms. Excessive exploitation
rather than habitat degradation alone is an important pressure on
this group. Table 6.7 provides concise information on a small
selection of the more than 3,500 vertebrate and invertebrate
animals associated with freshwater habitats that were assessed as
Critically Endangered (the category for populations at highest risk of
extinction) in 2000.

Some of the most comprehensive national data are from the
United States, where the Nature Conservancy and Natural Heritage
Network released an analysis of the conservation status of more
than 20,000 species in 1997. The four groups with the highest
proportion of species extinct or at risk - freshwater mussels,
crayfish, amphibians and freshwater fish - are all inhabitants of, or
dependent on, inland water habitats (Master et al., 1998) (see
figure 6.3). Similarly, in Australia, four (22 percent) of eighteen
waterbird species assessed are listed as threatened, along with
twenty-seven (13 percent) of the frog species and twenty-two
(about 10 percent) of freshwater fishes.

Many extinctions have taken place in inland waters - at least
thirty-four fish species (six since 1970) and possibly up to eighty,
from the late nineteenth century onward - and inland water
ecosystems have seen probably the largest known multispecies
extinction episodes of the twentieth century. Lake Victoria, shared by
Kenya, the United Republic of Tanzania and Uganda, was until
recently the home of a species population of up to 500
haplochromine cichlid fish (not all yet formally described), as well as
of a number of other fish species. Following introduction of the Nile
perch Lates niloticus - and probably also as a result of heavy fishing
pressure, increased sedimentation and oxygen depletion due to the
increased organic and nutrient loading - about half of the native
species are now believed extinct or nearly so, with little chance of
recovery. In the Maobile Bay drainage basin in the United States, dam
construction has had a catastrophic impact on what was probably the
most diverse freshwater snail fauna in the world (Bogan et al.,
1995). Nine families and about 120 species were known from the
drainage basin. At least thirty-eight species are believed to have
become extinct in the 1930s and 1940s following extensive dam
construction in the basin: the system now has thirty-three major
hydroelectric dams and many smaller impoundments, as well as locks
and flood-control structures. These patterns are likely to have been
repeated at a smaller scale in many other less well-documented parts
of the world.
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Table 6.7: Threatened inland water species: a selection of species assessed by IUCN as Critically Endangered in 2000
Mammals
Baiji Lipotes vexillifer A freshwater dolphin endemic to the Yangtze River, China. The fewer than 200 remaining individuals are
threatened by entanglement in fishing gear, collisions with boats, pollution and hydroelectric schemes.
Birds

Brazilian Merganser Mergus octosetaceus This little-known duck inhabits the shallow, fast-flowing rivers of eastern South America. Occurs in a few widely
scattered populations, threatened by deforestation, hydroelectric development and hunting.

Lake Junin Grebe Podiceps taczanowskii A small grebe restricted to a single lake in west-central Peru. Abundant in the 1960s but down to about 200 birds by
the 1990s. Nests in flooded reed beds, but water level change for hydroelectric plant can cause breeding to fail; also
affected by mining sediments and possibly by El Nifio events.
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Reptiles

Chinese Alligator Alligator sinensis Formerly widespread in the lower Changjiang (China) but declining at a rate of 5% annually because of loss of
natural wetlands and persecution, and now restricted in the wild to a very small part of Anhui Province, where
around 130 individuals persist. Large numbers exist in captivity.

Striped Narrow- Chitra chitra Restricted to the Mae Klong and the Khwae Noi rivers in Thailand. Threatened by collection for food and the

Headed Softshell Turtle domestic pet trade.

Amphibians

Lake Lerma axolotl Ambystoma lermaense  Present in the remnants of Lake Lerma, Mexico. At risk because of the restricted range, within the Lerma-Chapala
system, affected by drainage and declining water quality.

Mount Glorious Taudactylus diurnus Known only from a few mountain rainforest streams in south-east Queensland, Australia. Not found in recent

Torrent Frog searches, possibly extinct. Reason for decline not known.

Fish

Common Sturgeon Acipenser sturio A large anadromous fish previously widespread in large European river basins. Following habitat loss, pollution and
overfishing the species now spawns only in the Gironde-Garonne-Dordogne basin of France and the Rioni basin of Georgia.

Cave Catfish Clarias cavernicola Endemic to Aigamas Cave lake, near Otavi, Namibia. The small population of catfish (<400 individuals) is
threatened by a decrease in water level resulting from the depletion of local aquifers.

Smoky Madtom Notropis baileyi Known mainly from one small population of fish in Citico Greek, a tributary of the Little Tennessee River. At risk
because of its small natural distribution. Restricted to riffle-edge habitats, and vulnerable to flow and quality changes.

Border barb Barbus trevelyani Restricted to Keiskamma and Buffalo systems in the Ciskei and eastern Cape Province, South Africa. Inhabits pools

and riffles of clear rocky streams. Threatened by siltation, invading riparian plants and alien predators (notably trout).

Source: Earlier version in CBD, 2001; species from IUCN Red List of Threatened Species at http://www.redlist.org (March 2002); other information from miscellaneous sources.

Figure 6.3: Proportion of United States species at risk or extinct, by taxonomic grouping
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70 % Imperiled
[0 % Critically imperiled
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B There is a large number of species from all taxa at risk. However,
10 the quantity of critically imperiled species is alarming, and several
taxa have been classified as extinct. There are also a great many
0 species classified as vulnerable. All of these species are affected by
freshwater ecosystems, in terms of their availability and their
&@ quality.

Source: Based on Master et al., 1998.
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Figure 6.4: Living Planet Index 1999: inland waters
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Vertebrates other than fish (water birds, turtles, crocodilians,
amphibians) are disproportionately represented.

1970 1975 1980 1985 1990 1995

The World Wide Fund for Nature (WWF) Living Planet Report
(Loh et al., 2000, 1999, 1998) provides the overall trend in a large
sample of inland water species for which indicators of population
change are available. Some of the species represented had been
assessed as globally threatened while several populations were
actually increasing during the period, sometimes very steeply (many
of these being waterbirds subject to management for hunting). The
sample included a large number of wetland and water margin
species in addition to truly aquatic forms. The method is designed
to represent the average change in the size of sampled populations
from one five-year interval to the next, starting in 1970. The sample
in 1999 represented 194 species of mammals, birds, reptiles and
fish associated with inland waters, and the index suggests a
declining trend over the last three decades of the twentieth century
(figure 6.4).

These global and national data on the status of species provide
a strong indication that inland water biodiversity is widely in decline,
and because in most cases the principal threats arise from habitat
disturbance, rather than excess harvesting or other factors extrinsic
to the ecosystem, this can be taken as evidence of declining
ecosystem condition.

The changing condition of freshwater lakes since 1970 has been
assessed in a semi-quantitative global study using published
information (Groombridge and Jenkins, 1998; Loh et al., 1998). A
baseline was provided by Project Aqua, initiated by the Societas
Internationalis Limnologiae in 1959, which collated and published
information from local specialists on more than 600 water bodies
(Luther and Rzoska, 1971). Many of these lakes were treated in
later information sources relating to the 1980s and 1990s, and in
some ninety-three cases it was possible to make an assessment
that may be taken as indicative of changing conditions. Each lake
was scored according to whether its condition appeared to have

1999 Source: Loh et al., 1999.

deteriorated (or impacts increased), or to have improved or whether
no change was reported. Improvement was reported in a very small

number of lakes, but the overwhelming trend was for deterioration

in condition (see figure 6.5).

The most recent attempt to summarize information on wetland areas
(Finlayson and Davidson, 1999) concluded that the information is
patchy, inconsistent and not adequate to provide a precise picture of
global change. Nevertheless it was reported that around 50 percent
of the world's wetlands present in 1900 had been lost by the late
1990s, with conversion of land to agriculture being the main cause

Figure 6.5: Changes in lake condition, 1960s—1990s
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This figure is based on a sample of ninety-three lakes. Although there has been
improvement of lake water condition in some areas of all regions, the
overwhelming trend illustrated here is deterioration in quality, most notably in
Central and South America where close to 80 percent of sampled lakes deteriorated
in the studied period.

Source: Data collated for Loh et al., 1998.
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Table 6.8: Examples of wetland loss in arid Eurasia

Wetland Attributed causes Immediate effects

Aral Sea

Area reduced from more than 65,000 km? to about Excess water withdrawals from these rivers, primarily ~ Health status of the human population reduced;
28,500 km? in 1998. Total volume has fallen by for cotton irrigation in latter half of twentieth commercial fishery has collapsed; waterlogging and
75 percent, and salinity has greatly increased century salinization have degraded agricultural land

Mesopotamian wetlands

Loss of about 90 percent of the lakes and
marshlands in the lower Mesopotamian wetlands
in the last three decades

Primarily a result of major hydrological engineering
works in southern Iraq (Major Qutfall Drain diverts
water to the head of the Gulf)

Marsh Arab populations have dispersed, and
biodiversity is at great risk; there are likely to be a range
of other hugely significant impacts

Azraq Oasis

Much of the former marshland area lost; but
significant resupply now underway within
GEF-funded UNDP project

Increased groundwater extraction for urban needs in Important wetland staging post for Eurasia-Africa
Jordan (about 2 million m? in 1979 to about 25 million  migrant bird populations have been impacted
m3 in 1993) plus increased agricultural irrigation
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Source: Groombridge and Jenkins, 2002.

of loss. Table 6.8 provides an illustration of losses at three globally
important wetland regions (in the broader sense of the definition).
The wetland areas of Lake Peipsi/Chudskoe are a typical example of
a vulnerable ecosystem under pressure from industrial discharge and
pollution (see box 6.3 and chapter 17).

Rivers

Reviews of information around the world suggest that rivers also
have become significantly degraded. In connection with the new EU
Framework Directive (EEC, 2000), the WWF European Freshwater
Programme collated and analysed data on fifty-five rivers (sixty-nine
river stretches) in sixteen countries (WWF, 2001). Their key findings
are the following:

= fifty out of sixty-nine river stretches in Europe are found to be in
poor ecological condition due to the impacts of canalization,
dams, pollution and altered flow regimes; and

= only five out of fifty-five rivers are considered almost pristine,
and only the upper sections of the fourteen largest rivers in
Europe retain 'good ecological status' as required by the EU WFD.

Similarly a recent review (UNESCAP, 2000) of the state of the
environment in the Asia-Pacific region concluded, for example, that:

= the median count of Escherichia coli or thermo-tolerant coliforms
in rivers of mainland Asia overall is fifty times higher than WHO
guidelines, and higher still in the South-East Asia subregion;

= around half of the rivers have exceedingly high nutrient
concentrations; many water bodies, particularly in South-East
Asia, contain heavy metals in excess of WHO basic water quality
standards; and

= sedimentation and rising salinity are widespread problems.

Levels of suspended solids in rivers in Asia have risen by a factor of
four over the last three decades. Asian rivers also have a BOD some
1.4 times the global average, along with three times as many
bacteria from human waste. They also include rivers that have
twenty times more lead than that in surface waters of the
Organization for Economic Cooperation and Development (OECD)
countries. A report on the state of India's rivers concluded that

India’s rivers, especially the smaller ones, have all turned
into toxic streams. And even the big ones like the Ganga
are far from pure. The assault on India's rivers - from
population growth, agricultural modernisation,
urbanisation and industrialisation - is enormous and
growing by the day.... Most Indian cities get a large part
of their drinking water from rivers. This entire life stands
threatened (CSE, 1999, p. 58).

Such a statement holds true for many other rivers in Asia and
around the world.

In the United States, about 40 percent of streams, lakes and
estuaries that were assessed in 1998 (that is about 32 percent of
the country's waters) were not clean enough to support uses such
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The Lake Peipsi/Chudskoe-Pskovskoe watershed is rich in
wetland areas, which can be regarded as very vulnerable
ecosystems - bogs and marshes occupy about 15 percent
of the lake basin, and wet areas in general are spread
across 35 percent of the territory. There are two main
regions of international importance which are named as
Ramsar sites: the Emajde Suursoo Nature Reserve (Estonia)
and the Remdovsky Reserve (Russian Federation) included in
‘Lake Peipsi lowlands'. These wetlands serve as a resting
place for numerous birds migrating between the breeding
areas in the tundra and northern taiga, and the wintering
places in western Europe. In addition several internationally
Important Bird Areas (IBAs) have been designated along the
lake shore. Moreover, these wetlands contain a number of
birds and plants included in the Russian and Estonian Red
Lists, which are rare and endangered in western Europe.

as fishing and swimming. Leading pollutants in impaired waters
include siltation, bacteria, nutrients and metals. Runoff from
agricultural lands and urban areas are the primary sources of these
pollutants (US EPA, 1998).

In New South Wales (Australia), rivers in highly urbanized
catchments and in catchments where the predominant land use is
cropping, showed the most signs of ecosystem stress - over half
the sites are rated fair or good, but nearly half are rated poor or
very poor (New South Wales EPA, 2000).

The previous section paints a bleak picture of the current state of
freshwater ecosystems and points to a general trend of degradation
at the global level. Ideally, environmental protection should not only
be coordinated with economic and social development, but should
also be a tool for enhancing them. The absence of global monitoring
of such actions limits the extent of conclusions that can be drawn on
progress towards key objectives, or uptake of policy or practice-
based measures targeted at environmental protection in all countries.
However, at national, regional and local levels, there are also quite a
number of positive actions in motion for protecting ecosystems.

This section describes some examples of management tools,
which provide clear evidence that considerable progress is being

One of the main problems for this region is wastewater,
which affects water quality and thereby threatens these
Ramsar sites through the deteriorating quality of habitat for
the endangered species.

The emerging need for an action plan has caused growing
concern also on the international level. The Danish
Environmental Protection Agency and Danish Cooperation for
Environment in eastern Europe are at present financing the
project aimed at developing and implementing a management
plan for the designated Ramsar site, Lake Pskovskoe in the
Russian Federation.1

1. You can refer to the map in chapter 17.

Source: Ministry of the Environment of Estonia and Ministry of Natural Resources
of the Russian Federation, 2002. Prepared for the World Water Assessment Programme
(WWAP).

made in many countries around the world. While these tools are not
directly linked to any single objective arising from ecosystem
protection, they each contribute through a multidimensional
approach to the environment's protection and to its contribution to
development. Ecosystem degradation is not an inevitable
consequence of development, and consistent improvements in local
ecosystem protection should eventually be reflected in global
changes. The examples are taken mainly from among fifty-nine
country reports recently submitted to the Commission for
Sustainable Development (CSD). At this time, assessing progress in
ecosystem protection relies on individual measures taken in national
examples.

The primary group of management measures incorporates national
environmental policies, legislation and strategies as a tool for
environmental protection. These may set standards and overall
targets, or invest in environmental institutions with regulatory and
enforcement powers. Promotion of integrated land and water
management is revealed as a key concept and has been furthered
through legislation and the use of holistic (district/basin/national
level) environmental action plans.

In Barbados, policy for integrated land and water management is
contained in the Environmental Management and Land Use Planning
for Sustainable Development project plans currently being finalized
and a draft policy framework for Water Resources Development and
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Management. Ghana's National Strategy incorporated in the
Environment Action Plan adopted in 1991 aims to protect water and
the general environment. This was supported by the Environmental
Protection Agency Act passed in 1994, which conferred regulatory and
enforcement powers on the EPA. In response, the EPA has provided
guidelines for developments that affect the environment (a framework
for Environmental Impact Assessment [EIA]). A wide regulatory
framework has been developed in Hungary, including the Water Act of
1995 with other general provisions under the Act on Environmental
Protection (1995). At the end of 1999, the National Assembly of
Slovenia adopted the National Environmental Action Plan (NEAP),
which defines objectives and basic guidelines in protection and use of
waters as a public resource. The NEAP pays special attention to
specific problems of the littoral, rural areas and karst regions, in
accordance with principles of preserving biodiversity. Another main
strategic goal identified in Slovenia's NEAP is the construction of
water supply networks in water-deficient areas. Bringing action to a
lower level, the government of Malawi has initiated a Programme of
District Environmental Action Plans, emphasizing participatory planning
and action. At a local level, the Local Health Inspection Boards of
Iceland conduct on-site measurements of water supplies and enforce
health regulations and standards.

International cooperation

International cooperation is an important requirement for countries
that rely on water from shared groundwater or surface water
systems. There are many examples of cooperative sharing,
addressed in more detail in chapter 12 on sharing water. The
Lithuanian example provided here illustrates the complexity of
agreements required by some countries. Lithuania participates in the
1974 Helsinki Convention on the Protection of the Marine
Environment of the Baltic Sea Area and the 1992 UN Economic
Commission for Europe (UNECE) Convention on Protection and Use
of Transboundary Watercourses and International Lakes. The
Lithuanian Government has signed bilateral intergovernmental
cooperation agreements in the field of environmental protection
with the government of Flanders, Latvia, the Russian Federation and
Sweden. The Ministry of the Environment has signed bilateral
agreements with related ministries and other institutions of Austria,
Belarus, Denmark, Finland, the Netherlands, Poland, Slovakia and
United States. A trilateral agreement was also signed between the
governments of the Republic of Estonia, Latvia and Lithuania.

Environmental education

Environmental education is essential in achieving goals such as
reduction in water usage and also for the successful implementation
of participatory approaches to environmental management. In Saudi
Arabia, the Ministry of Agriculture and Water has undertaken a huge

range of education activities aimed at all levels of society and
sectors. These include:

= publication and distribution of booklets, bulletins and posters;

= education of farmers on optimal agricultural methods such as
drip irrigation;

= rationalization of water consumption through television and
radio programmes;

= contracts with advertising companies for awareness campaigns
on water saving based on billboards along most major roads; and

= recruitment of a specialized work force.

The government of Poland has introduced a number of education
campaigns geared towards sustainable water usage and minimization
of waste, including the 'Save Water Campaign' promoting economical
and rational water consumption, the ‘Blue Thumb' - a nationwide
programme on caring for resources, and ‘Now Vistula Time' for the
conservation of the natural course of the River Vistula.

Reporting

Reporting at a national level on environmental quality and changes is
a prerequisite for monitoring trends at a more global level. Many
countries now have the institutions and programmes in place to
provide regular reports. In Austria, the Ministry of Agriculture,
Forestry, Environment and Water Management is charged with
delivering to Parliament at least triennial, published reports on the
status of water protection in Austria. South Africa has begun
publication of a regular national report on the state of the nation's
water. The government of Barbados is testing the monitoring of
indicators for sustainable development. Management and protection
of aquatic resources in Peru is the responsibility of the General
Directorate of Environmental Health (DIGESA), which is part of the
Ministry of Health. DIGESA maintains databases/registers and reports
on water quality throughout the country.

Flow maintenance

Mechanisms used to maintain required water quantities and
periodicity include abstraction management, based on controlled
abstraction in the interests of downstream abstractors, dilution of
pollution, ecological river-flow objectives and water levels for river
transport, floodplain/wetland needs and aesthetic values. Reservoir
compensation flows are a further measure whereby downstream
flows are maintained (but at lower flow volumes) by deliberate and
scheduled release of water from storage.

In the United Kingdom, an urgent action programme was
introduced to deal with over forty cases in which excessive
abstraction has resulted in unacceptably low flows in rivers. Under
the European Community Habitats Directive, all abstraction
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authorizations are being reviewed in the context of their impact on
internationally important sites. A review of reservoir compensation
flows has also been carried out as part of a shift from historically
constant releases to varied releases that better match seasonal
ecological requirements. The new National Water Act of South Africa
embraces strong abstraction management regulations and requires
authorizations for water use activities. The Act provides for
coordination and joint decision-making across government
departments in terms of water use activities. The Department of
Water Affairs has focused on the wide set of streamflow reduction
activities and has taken steps to require abstraction permits for the
consumptive water use of commercial forestry.

EIA has been widely adopted and frameworks are now in place in
the majority of countries, with regard to major developments. There
is a trend towards more Strategic Impact Assessments (at the policy
level) and towards giving certain aspects (such as health) a higher
profile within the EIA framework. In Thailand, all large dams and
reservoirs will go through EIA studies and public hearing processes.
A compulsory procedure is in place for EIA in Kazakhstan.

Site-based measures typically involve designating protected areas and
regulating access or use so as to maintain particular habitat elements,
with or without steps to regulate water quality and flow
characteristics. At the international level, various tools have been
developed to protect ecosystems (see box 6.5). The 1971 Convention
on Wetlands of International Importance is dedicated specifically to
inland waters and coastal wetlands. More than half of all Ramsar sites
occur in western Europe and these comprise around 20 percent of the
total area of all Ramsar sites globally. Many wetlands, with their often
abundant and highly conspicuous avifauna, have been designated as
protected areas under this Convention: notable examples include the
Moremi Game Reserve in the Okavango Delta (Botswana), Camargue
National Reserve (France), Keoladeo (Bharatpur) National Park (India),
Dofiana National Park (Spain) and Everglades National Park (United
States). The effectiveness of such measures is determined in part by
the type of water bodies involved. Lake Titicaca (shared by Peru and
Bolivia) provides an interesting example of a transboundary Ramsar
site (see box 6.4 and chapter 21).

With awareness of the problems facing many aquatic ecosystems
now far greater than a decade ago, there are increasing efforts to

The world's highest navigable freshwater lake, at 3,810
metres above sea level, straddles the frontier between
Peru and Bolivia in the Andean mountains. The site
includes a whole system of freshwater permanent lakes,
brackish lakes, rivers, marshes and peatlands. The
adjoining Lakes Poop6 and Uru Uru are also designated as
protected sites under the Ramsar Convention. The sites
harbour many endemic and endangered fauna and flora,
such as species of birds, vicuna and pumas, many kinds of
rare flamingos, the cactus Opuntia and Trichocereus and
the world's largest frog. Algae and floating vegetation are
abundant and the dominant emergent species is the 'totora’
Schoenoplectus totora, which can reach up to 7 metres.
When the 'totora’ drifts away from the shore, it forms
islands that are used by some members of the local Uru
community to live on. The Lake region is home to two pre-
Hispanic cultures, the Aymaras and the Urus. The
indigenous populations live on subsistence agriculture and
fishing, and continue to practice a lifestyle that is true to

traditional values and resistant to change. Poverty is
endemic and like most wetland areas, the freshwater
ecosystem is vulnerable to increasing pollution from
nearby cities, untreated waste and mining activities.

There are several important initiatives to save this
unique lake. Peru and Bolivia, through the ‘Proyecto
Especial Binacional Lago Titicaca', are implementing the
‘Plan Director Global Binacional' for conservation, flood
prevention and use of resources. They are carrying out
research, environmental management and monitoring,
public use, environmental education and fisheries
development programmes, including the regulation of
water use for agriculture and human consumption. There
are also efforts on behalf of soil restoration and recovery
of traditional agriculture techniques that are valuable for
ecosystem conservation.

Source: Prepared for the World Water Assessment Programme (WWAP)
by A. Clayson, 2002.
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% Box 6.5: International instruments for protecting ecosystems

[=%

o The notion of a coordinated, international effort to protect the Environment and Development (UNCED) in 1992 is thus
% the ecosystems of the world probably dates back to the a framework convention that does not set specific targets
w 1960s with the beginnings of the environmental or obligations. To become effective it requires

= movement. UNESCO's Programme on Man and the implementation at the national level. For this, the CBD
(@) Biosphere (MAB) in the 1970s specifically initiated a World countries have adopted the ‘ecosystem approach’ based on

g Network of Biosphere Reserves with the aim of conserving twelve principles, themselves founded on the application of
o representative examples of ecosystems based on scientific methodologies focused on levels of biological
o community participation, rational use of natural resources organization, and on the recognition that humans, with

q; and voluntary scientific cooperation. A zonation pattern is their cultural diversity, are an integral part of many
= proposed to accommodate the multiple functions of ecosystems.

[<h) biosphere reserves. In practice, this means that in fact there is a healthy

"J', The Convention on Wetlands of International convergence of concepts underlying international efforts
a" Importance (Ramsar Convention) was launched in 1971 in to protect ecosystems with special emphasis on water
(@) recognition that wetland ecosystems need special resources. This general agreement makes it easier for

Lﬁ protective measures due to the multiplicity and magnitude countries to contribute to these efforts.

BN of pressures bearing upon them to meet the needs of the Today, the UNESCO/MAB Biosphere Reserves, serve as
c expanding world population: this convention enshrined the ‘living laboratories’ for testing and demonstrating the

'-5 idea of 'wise use' of wetlands areas, again underlining the ecosystem approach. This type of land and waterscape
(eF) need for a balanced approach to nature protection, management calls for new forms of institutional

"5 combining rural development, the maintenance of wetland cooperation and links between different levels of economic

E goods and services and also socio-economic and cultural and political decision-making. Today, of the 409 biosphere

features. The biosphere reserves of the MAB Programme reserves and the 1,107 Ramsar sites, fifty-nine sites in

and the sites designated under the Wetlands Convention thirty-six countries carry both international designations,

thus have many features in common. thus signalling their significance at the international level
The protection of biodiversity in general, of which and conferring added protection. A joint work plan

ecosystems are a part, was initially a primary motive for between the Convention on Wetlands and the

preparing a Convention on Biological Diversity (CBD) in the UNESCO/MAB Programme makes it easier to pool resources

late 1980s. However, the convention negotiations expanded and streamline national reporting. Such a streamlining of

their scope to encompass the aims of the sustainable use international effort is of mutual benefit to all parties,

of natural resources and the fair and equitable sharing of whether at the international, national or local level.

benefits arising out of the utilization of genetic resources.

The CBD, first signed at the United Nations Conference on Source: UNESCO/MAB, 2002. Prepared for the World Water Assessment

Programme (WWAP).

define priorities on the basis of biodiversity and other criteria (e.g. programmes are underway to prepare national reports on status. In
Duker and Borre, 2001; Groombridge and Jenkins, 1998). For the Philippines, the Ramsar Convention came into force in 1994.
example, at global level, WWF has selected fifty-three key

freshwater eco-regions as a guide to prioritizing conservation Water quality standards

investment and action (Olson and Dinerstein, 1998). These eco- The concept of water quality standards as a tool for ecosystem
regions are catchment-based and take into account biogeographic protection encompasses a number of different principles as well as a
region, water body type, biological diversity and representativeness. wide variety of operational tools. In the United States, the Clean Water

Since Iran adopted the Ramsar Convention in 1995, a number of Action Plan (1998) is a collaborative intersectoral initiative to build a
wetlands have been designated under the Ramsar Convention and new framework for watershed protection. It focuses on achieving
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cleaner water by strengthening public health protection, targeting
watershed protection efforts at high priority areas and providing
communities with new resources to control polluted runoff and
enhance natural resource stewardship. States also regulate water
quality through federal programmes such as the National Pollutant
Discharge Elimination System and the Non-point Source Programme. In
the United Kingdom, implementation and compliance monitoring for
European Community Directives provide a comprehensive framework of
water quality standards. These include the Urban Waste Water Directive
and Surface Water Abstraction Directive. In Syria, water pollution from
unregulated discharges of industry, agriculture and public sewage are
not yet fully controlled but basic water quality parameters are
continuously monitored and a database/network for seven basins has
been established. The Iranian Department of the Environment has
standard limits for all toxic and hazardous substances from effluents
from different sectors to maintain water quality standards.

The United States Department of Agriculture's Natural Resources
Conservation Services programme focuses on upland watershed
protection and on improving water management on farms, in rural
areas and in small communities through voluntary efforts backed in
large part by financial incentives. To safeguard water resources in
Israel, the state of available resource is continuously monitored by
the Hydrological Service Department of the Water Commission and
reports are used to influence the planning process. A water
resources conservation map restricting land use in critical areas to
activities that are not harmful to water resources has been
produced and is used in land use planning.

Species level initiatives may include regulating persecution and
hunting, or developing integrated recovery plans for species at risk
of extinction. Such approaches are more often concerned with larger
vertebrates, such as birds of water margins and other wetlands,
than with other elements of inland water ecosystems. The Wetlands
Working Group of Namibia was formed in 1997 and prioritizes taxa
and wetlands for research attention, reflecting the importance of
the Okavango wetlands. The government of Norway has expanded
its National Protection Plan and has proposed a plan for protection
of the most important salmon rivers and fjords.

Economic factors tend to carry much weight in environmental
decision-making. Where a costs/benefit approach to planning is
taken, it is important that a comprehensive economic analysis also
be undertaken, aiming in particular to attach value to environmental
benefits that may not be routinely valued, and to take into account

costs that would otherwise be externalized (see box 6.6). This
approach appears of special importance in the case of freshwater
ecosystems because these systems are assets that underpin such a
wide range of human activities (e.g. Swanson et al., 1999).
Examples presented here include the use of environmental
economics in the broader sense as a range of measures that are used
in protecting ecosystems for specific aims. This includes pricing
structures, incentives, fines, cost-benefit analysis and the polluter pays
principle. The water-pricing policy of Singapore is based on cost
recovery and support of water conservation objectives (see box 7.1).
Measures include fiscal incentives and monetary penalties to discourage
wasteful use. The water tariff structure comprises domestic and
industrial/commercial categories and a water conservation tax
(percentage of water charges) is imposed. The household tariff is a flat
rate, up to 40 m3 per month at which point a higher charge is imposed.
Policy in Saudi Arabia treats water as an economic commodity and
pricing has been updated so that unit price increases with consumption.
In Thailand, the command and control approach, which is based on the
polluter pays principle, has been complemented by economic incentives
such as taxes and low interest loans from environmental funds. In
Belgium, the Flemish Environment Holding Company was created
(51 percent public, 49 percent private) to promote investments in the
environment sector. Through its daughter AQUAFIN, supra-municipal
infrastructure is being developed. In 1996 the government of Denmark
adopted a tax on wastewater for discharges of nitrogen, phosphorous
and organic substances and this has been complemented with
additional investment in treatment plants.

An early partial analysis of a tropical wetland system
(Barbier et al., 1991) calculated that agricultural, fuel-
wood and fishery benefits of unmodified wetland
amounted to about US$32.00 per 1,000 m3 of water used,
whereas the equivalent value of crops grown under
irrigation in the region was about USS0.15. Similarly, a
cost/benefit analysis was made of the economic
consequences of maintaining four dams on the Snake
River (north-west United States) or removing them and
restoring the river and its salmon run. It was calculated
that the restoration option would save a minimum of
US$86.6 million annually compared with the costs of
maintaining the dams.

Source: Oregon Natural Resources Council (ONRC, n.d.).
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Restoration of degraded systems

Increasing recognition of deterioration in a range of ecosystems has
led to a growth of interest in the science and practice of ecological
restoration. The main aim is to re-establish the key characteristics of
an ecosystem, such as composition, structure and function, which
were present prior to degradation.

Many restoration projects have now been initiated in different
parts of the world, focusing on a variety of ecosystem types, including
freshwaters. Many projects are being undertaken by non-governmental
organizations (NGOs), often as community-based initiatives. It is widely
anticipated that restoration will become a central activity in
environmental management in the future. Such efforts are being
supported by development of national and international policies - for
example, they are explicitly recommended in Article 8f of the UN
Convention on Biological Diversity, which states that parties should
‘rehabilitate and restore degraded ecosystems and promote the
recovery of threatened species, through the development and
implementation of plans or other management strategies'.

Depending on the nature of the disturbance, even heavily
modified waters can in some circumstances recover if the source of
impact is removed. This applies to river systems in particular,
perhaps because of their dynamic nature, with inherent hydrological
variability, and the consequent need for flexibility and colonization
ability among their biological communities (see box 6.7).

The term ‘restoration” may be applied to a range of measures that
differ greatly in spatial scale and complexity. Most schemes to date

Box 6.7: The ‘Green Corridor': floodplain
restoration along the Danube Valley

More than 80 percent of wetlands along the Danube River
have been destroyed since the start of the twentieth
century. Working with Romania, Bulgaria, Moldova and the
Ukraine, WWF is developing a series of projects to
maintain existing wetland protected areas, create new
ones and reconnect the remnant marshlands and other
wetlands. This is the largest international wetland
restoration and protection initiative in Europe, and is
intended to restore the Danube’s natural capacities for
pollution reduction, flood retention and nature
conservation for the benefit of local people and
ecosystems of the Danube River and Black Sea.

Source: WWF at http://www.panda.org/livingwaters/danube/index.cfm.

have involved enhancement of water quality, often by controlling
point source pollution in rivers or lakes, or enhancing geomorphic or
habitat conditions along a river reach. In principle, a series of small-
scale projects could be coordinated in order to meet restoration goals
within an entire catchment, but this would require a wider scientific
base and wider participation than anything yet achieved.

Some recent interest has focused on the physical removal of
dams and related engineering structures. In some cases it has been
shown that there is a greater long-term economic benefit to be
gained from removing a dam and restoring fishery and amenity
values, than from maintaining the dam, particularly where fish
passage must be provided. However, several high-profile cases show
that agreeing on and implementing a plan for dam removal can be
contentious. A significant number of dams have recently been
removed or are likely to be removed soon. Most such events have
occurred in developed countries, mainly in North America and
Europe (see box 6.8), and most of the dams have been small run-
of-river impoundments (not hydroelectric). This phenomenon has
become so important that the actual removals may have outpaced
growth of the scientific understanding needed to manage the
consequent ecological changes.

There is a large and increasingly accessible literature available
on restoration of rivers (e.g. Nijland and Cals, 2001} and wetlands
(Interagency Workgroup on Wetland Restoration, n.d.). Several works
are in ‘toolkit’ form in order to assist locally based initiatives
(Environment Agency, 2001).

Box 6.8: The Edwards dam

The Edwards hydroelectric dam on the Kennebec River,
Maine (United States), was removed in 1999 following a
ruling by the Federal Energy Regulatory Commission that
the environmental benefits of removal outweighed the
economic benefits of continued operation and
maintenance. It had been in place for more than 160
years. A year after removal, migratory fishes including
Atlantic salmon Salmo salar and alewife Alosa
pseudoharengus had returned to reaches above the dam
site. In addition, water quality had improved, and both the
biodiversity of aquatic invertebrates and recreational use
of the river increased.

Source: Natural Resources Council of Maine.
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Table 6.9: Review of National Reports submitted to the Convention on Biological Diversity (CBD)

Number of CBD

Question Response Party countries
Has your country included inland water biological diversity considerations in its work with organizations, No 4
institutions and conventions affecting or working with inland water? Yes 66
Has your country reviewed the programme of work specified in annex 1 to the decision (Decision IV/4), No 20
and identified priorities for national action in implementing the programme? Under review 29
Yes "
Is your country supporting and/or participating in the River Basin Initiative? No 35
Yes 34
Is your country gathering information on the status of inland water biological diversity? No 9
Ongoing 56
Completed 5
Has your country developed national and/or sectoral plans for the conservation and sustainable use of No 15
inland water ecosystems? Yes 54

Source: Seventy-two second National Reports submitted; data retrieved 24 June 2002 from second National Report Analyser at http://www.biodiv.org/reports/nr-02.asp (values have been rounded in two cases where 0.5 was

assigned when a country made two responses to a question).

In Ukraine, @ number of programmes are designed to restore
and protect ecosystems, including the National Programme of
Ecological Improvement of Quality of Drinking Water (1999), the
Nationwide programme of Protection and Reproduction of the Azoz
and Black Seas Environment, the Programme of Development of
Water-supply and Sewer Facilities. Incentives for Private Land
Stewardship in the United States have resulted in installation of
about 1,159,000 km of protective buffers. Also USS1 billion has
been allocated to remove sensitive lands from agricultural
production and to encourage use of conservation practices.
Technical guidance on restoration methods has been produced and
demonstrated in twelve showcase watersheds. Against the
background of a policy of 'no net loss of wetlands', a strategy has
been implemented to achieve a net increase of 100,000 wetland
acres per year by 2005. The Rawal Lake has been selected for
special attention by the government of Pakistan, following
identification of unsustainable practices such as construction of
septic tanks/latrines in adjacent settlements. Three restoration
programmes have been recommended including the development of
a scheme to collect and recycle waste for use in irrigation.

It is noted above that Chapter 18 of Agenda 21, arising from UNCED in
1992, set out key objectives for protection and integrated management
of freshwater resources. Progress towards those objectives made after
five years was formally reviewed by the UN CSD (1997). As illustrated,
this review provided numerous examples of successes and promising
changes in technical cooperation, participatory planning, and water
quality monitoring, but noted inter alia the continuing global concern
over deteriorating water quality, the incomplete knowledge of the

pathways and impacts of pollutants, lack of appropriate legislation and
financing, and the urgency of remedial action.

Reporting obligations under the 1992 CBD enable a partial
assessment to be made of recent national initiatives. Although only a
minority of CBD Parties (seventy-two out of a total 183) have
submitted second National Reports to the CBD, a review of these
suggests that significant progress has been made in certain aspects
of biodiversity conservation and use in inland waters (see table 6.9).

Most of the seventy-two countries submitting reports indicate
that they are gathering information on inland water biodiversity;
similarly, most have reportedly developed national plans for
conservation and sustainable use of inland water ecosystems, and
have implemented relevant capacity-building measures. This suggests
that a number of countries have already made some progress towards
the strategic planning and target-setting discussed at The Hague. It is
not yet possible to assess to what extent these measures have
influenced the condition of ecosystems in these countries.

In addition to general measures for the conservation and
sustainable use of genes, species and ecosystems, the CBD has
established a thematic work programme on inland water biodiversity,
and much effort has been devoted to developing this work,
identifying obstacles and priorities, and establishing cooperation
among relevant initiatives and organizations. The programme is being
developed in cooperation with the Ramsar Convention, and now
includes a catchment-focused River Basin Initiative.

However, while several developed countries are implementing
some form of assessment and monitoring programme and
undertaking remedial work, less-developed countries are less able to
place these activities among their highest priorities. Protecting
inland water ecosystems is therefore likely to remain problematic in
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areas where both population growth and the likelihood of
agricultural expansion are highest.

In recent years, an extension of the holistic approach implied by
Integrated Water Resources Management (IWRM) has emerged in
which ecosystems themselves have become the subject of
conservation efforts. Instead of restricting efforts to individual
species and aquatic sites, planning has now to expand in scope:

= geographically, to a scale appropriate to the size of catchment
basins; and

= conceptually, aiming to maintain ecosystem processes and the
components of these systems, including human communities
(the 'ecosystems approach’, e.g. Reynolds, 1993).

In practice, reconciling the many different concerned interests and
coordinating actions has proved difficult and is likely to remain so in
many situations. Maintaining biodiversity and conserving inland
water capture fisheries (other than some lucrative sports fisheries),
for example, have not ranked highly among these competing
interests, and it has thus proven difficult to impose catchment-wide
regulations or remedial measures for their benefit.

Although it is difficult to assess the outcome of all these
processes, in terms of beneficial effects on ecosystem condition
(and results cannot yet be expected in many instances), the
evidence reviewed above demonstrates the improving trend in
certain variables that is apparent in some countries, and the
determination of others to reverse recent decline in condition.
However, such cases relate mainly to OECD and other developed
countries, and the overall global situation remains very hard to
evaluate.

Conclusions

Protection of ecosystems must remain central to sustainable
development because environmental security, social well-being and
economic security are intricately intertwined and fundamentally
interdependent. Degradation of any one worsens the condition of all
three. We protect our ecosystems and their creatures for their inherent
values and because of the benefits they yield to waste disposal,
environmental health, natural resource production, and as water sources.
Pressures on ecosystems are reasonably well understood, and a number
of practical tools exist that allow the condition of ecosystems to be
assessed and monitored. These clearly show that freshwater ecosystems
have been hit much harder than land or sea ecosystems. In effect, a
majority of the world's largest rivers are substantially fragmented by
dams, diversion and canals, and many fall far below accepted ecological
quality guidelines. This is not only true for rivers, but also for lakes, the
global condition of which is steadily deteriorating, and for wetlands,
which are frequently converted to agricultural lands.

In many places, water quality has deteriorated dramatically,
particularly in regions with intensive agriculture and large
urban/industrial areas. Pollution from bacteria, human waste, high
concentrations of nutrients, sedimentation and rising salinity, is an
ever-growing problem throughout the world. Freshwater biodiversity
has been severely affected by this decline in water quality, among
other issues, and many species have become extinct.

Although there is evidence of local - and sometimes national -
improvement as well as action plans that are being implemented, these
are not yet stemming the global deterioration of ecosystem conditions.
The future sum of the local gains will need to add up to much more if
they are to have effect - and they must also counter the inevitable
future population growth pressures from improvements in health, food,
energy and industry. Thus, protecting ecosystems implies reconciling the
many different water interests, through some kind of a global approach
like that claimed by IWRM. If this is not done, the economic and social
development targets to which the international community is committed
will be jeopardized.
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United Nations Convention on Biological Diversity (UNCBD)
http://www.biodiv.org
Promotes nature and human well-being, focusing on the importance of biological diversity for the health of people and the planet.

United Nations Environment Programme (UNEP): Freshwater Portal
http://freshwater.unep.net/
Information on the key issues of the global water situation. A section dedicated to water and ecosystems.

United Nations Environment Programme (UNEP): Global Environment Monitoring (GEMS/WATER)
http://www.cciw.ca/gems/
A multifaceted water science programme oriented towards understanding freshwater quality issues throughout the world.

World Resources Institute (WRI): EarthTrends
http://earthtrends.wri.org/
Environmental Information Portal. Among the issues featured: coastal and marine ecosystems, water resources and freshwater
ecosystems, human health and well-being, biodiversity and protected areas.

World Wide Fund for Nature (WWF): The Living Planet
http://www.panda.org/livingplanet/
The Living Planet Report is WWF's periodic update on the state of the world's ecosystems and the human pressures on them through
the consumption of renewable natural resources.

2. The sites were last accessed on 19 December 2002.
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J. Baudrillard, Cool Memories

ITIES SHARE MANY SIMILARITIES WITH NATURAL ECOSYSTEMS.

They are dynamic, generating and recycling energy and waste, and

responding to the interrelated cycles of needs, uses and demands of
the institutions and people who live their lives within an urban
environment. Cities are the future. The great migrations of people from
rural to urban areas all over the world are proof of their power to attract
and dazzle with their promise of a better life. Yet in this chapter we learn
that half the urban population in Africa, Asia and Latin America suffers one
or more diseases associated with inadequate water and sanitation. The
World Health Organization (WHO) has recognized that when infrastructure
and services are lacking, cities are among the planet's most threatening
environments. Among the urban population of low-income countries, one
child in six dies before the age of five. Gathering reliable data about water
and sanitation in cities is extremely tricky, but indications are that targets
are far from being met and enormous work remains to be done. Better
management of resources in and around cities is therefore a major

challenge the world over.
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With over 60 percent of the world's population (nearly 5 billion people) expected to be living in urban areas by 2030
(compared with less than 15 percent in 1990 and 48 percent in 2002), cities are rising to the top of the policy agenda.

The Challenge of Water and Cities

One of the most significant urban changes has been the growth of
cities to unprecedented sizes. The average size of the world's 100
largest cities grew from around 0.2 million in 1800 to 0.7 million in
1900 to 6.2 million in 2000 (Satterthwaite, 2002). By 2000 there
were 388 cities with 1 million or more inhabitants (UN, 2002). Only
in the late twentieth century did 'megacities’ of 10 or more million
inhabitants develop, with sixteen cities becoming ‘megacities’ in
2000, concentrating some 4 percent of the world's population (see
table 7.2). Map 7.1 shows that the majority of these megacities lie
within regions experiencing mild to severe water stress. Meeting the
water needs of fast-growing cities can be extremely challenging.

Map 7.1: Water stress in regions around megacities

Although rapid urban change is often viewed as an uncontrolled
flood of people, there is an economic logic underpinning global urban
trends. Most of the world's urban population and most of its largest
cities are concentrated in the world's largest economies
(Satterthwaite, 2002). In addition, the nations that urbanized most
quickly over the last forty years are generally the countries with the
greatest economic expansion (UN-Habitat, 1996). Table 7.1 highlights
the fast urban growth in the less developed countries: while the most
developed regions still have a much higher percentage of their
population living in urban areas, the 2015 projection shows the
beginning of a reversing trend, with half of the population of the less

Rio de Janiero
Z'__l Sao Paulo

Buenos Aires

0-02 02-04 |morethan0a

low water stress medium water stress severe water stress

In 2000, the majority of the sixteen megacities were found along the coasts, within regions experiencing mild to severe water stress; this is particularly true for the cities
located on the Asian continent. ‘Water stress' is @ measure of the amount of pressure put on water resources and aquatic ecosystems by the users of these resources,
including the various municipalities, industries, power plants and agricultural users that line the world's rivers. The map uses a conventional measure of water stress, the
ratio of total annual water withdrawals divided by the estimated total water availability. This map is based on estimated water withdrawals for 1995, and water availability

during the ‘climate normal’ period (1961-1990).

Sources: Map prepared for the World Water Assessment Programme (WWAP) by the Centre for Environmental Research, University of Kassel, 2002. For the water stress calculation: data from WaterGAP

Version 2.1.D; Cosgrove and Rijsberman, 2000; Raskin et al., 1997. For the megacities: UN, 2002.
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Table 7.1: Distribution of urban population in more and less developed regions in 1975, 2000 and 2015

Development Area of residence and size class of

group urban settlement (number of inhabitants) 1975
World Urban area 1,543
Fewer than 500,000 844

500,000 to 1 million 176

1 million to 5 million 332

5 million to 10 million 122

10 million or more 68

Rural area 2,523

Total 4,066

More Urban area 734
developed Fewer than 500,000 422
regions 500,000 to 1 million 69
1 million to 5 million 145

5 million to 10 million 62

10 million or more 36

Rural area 314

Total 1,048

Less Urban area 809
developed Fewer than 500,000 422
regions 500,000 to 1 million 108

1 million to 5 million 186

5 million to 10 million 60

10 million or more 32

Rural area 2,209

Total 3,017

Population (millions)

Percentage distribution

2000 2015 1975 2000 2015
2,862 3,869 37.9 47.2 53.7
1503 1950 20.8 248 27.1
290 354 43 48 49
675 960 8.2 1.1 13.3
169 264 3.0 28 37
225 340 1.7 37 47
3,195 3,338 62.1 52.8 46.3
6,057 1,207 100.0 100.0 100.0
898 954 70.0 754 78.6
498 522 403 418 43.0
77 74 6.5 6.5 6.1
216 243 13.9 18.1 20.0
39 45 59 3.3 3.7
67 7 3.4 5.7 5.8
294 259 30.0 246 214
1,19 1,214 100.0 100.0 100.0
1,964 2,915 26.8 404 48.6
1,005 1,429 14.0 20.7 238
213 280 36 44 47
458 718 6.2 9.4 12.0
130 218 20 2.7 36
158 270 1.1 32 45
2,901 3,078 73.2 59.6 51.4
4,865 5,994 100.0 100.0 100.0

Fast urban growth is occurring in the less developed regions, reversing the trend that shows the more developed regions having the highest percentage of urban population. In this table, 75 percent

of the urban population is foreseen to live in the less developed countries by 2015.

Source: UN, 2002.

developed regions living in urban areas, i.e. 75 percent of the world's
urban population.

As centres of economic and social activity, cities provide a unique
critical mass of highly productive skills and opportunities that drive
development forward - but at a cost. Meeting competing demands
from commercial, domestic and industrial users puts great pressures
on freshwater resources. Many cities have to go ever deeper into
groundwater sources and ever farther to distant surface water
sources, at costs that are ultimately unsustainable in both economic
and environmental terms. About 1.2 billion urban dwellers rely on
groundwater and 1.8 billion on surface water sources. They are
increasingly in competition with the rising demands for water from
peri-urban agriculture and rural regions.

Many urban residents, and especially the poor, have only
intermittent or no water supplies, and no sanitation. For the urban
poor, this lack of access to safe water and basic sanitation causes
widespread ill-health that further limits their productive capabilities.

Ironically, the urban poor have often to buy their water from private
vendors and pay far more per litre than their richer neighbours (see
chapter 13 on valuing water).

Many urban water systems are poorly maintained, and it is not
unusual for half the water to be lost in distribution. At the same
time, revenue collection for much of the rest is poor, further
restricting operation, maintenance and investment funds for
expansion.

New ways of responding to rapid change and making the urban
environment sustainable are being explored, especially through better
management and service pricing, greater participation of community
groups and women, and creative partnerships between public and
private sector enterprises.

However, the success of these initiatives will be dependent on
instituting better urban water governance, otherwise the degradation
and depletion of freshwater resources will threaten the very livelihood
of cities and the sustainability of economic and social development.
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Table 7.2: The world’s largest cities in 2000

w
=
@
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Urban centre

Tokyo

Mexico City
Sao Paulo
New York
Mumbai (Bombay)
Los Angeles
Calcutta
Shanghai
Dhaka

Delhi

Buenos Aires
Jakarta

Osaka

Beijing

Rio de Janeiro
Karachi
Manila

Seoul

Paris

Cairo

Tianjin
Istanbul

Lagos
Moscow
London

Lima

Bangkok
Chicago
Teheran

Hong Kong
Bogota
Rhein-Ruhr North
Madras/Chennai
Bangalore
Santiago
Lahore
Hyderabad
Wuhan
Kinshasa
Chongging
Baghdad
Shenyang
Toronto

Saint Petersburg
Ho Chi Minh
Riyadh
Ahmedabad
Philadelphia
Yangon

Milan

Belo Horizonte
San Francisco-Oakland
Singapore

Country

Japan

Mexico

Brazil

United States of America
India

United States of America
India

China

Bangladesh

India

Argentina

Indonesia

Japan

China

Brazil

Pakistan

Philippines

Republic of Korea
France

Egypt

China

Turkey

Nigeria

Russian Federation
United Kingdom

Peru

Thailand

United States of America
Iran (Islamic Republic of)
China. Hong Kong SAR
Colombia

Germany

India

India

Chile

Pakistan

India

China

Dem. Rep of the Congo
China

Iraq

China

Canada

Russian Federation

Viet Nam

Saudi Arabia

India

United States of America
Myanmar

Italy

Brazil

United States of America
Singapore

Population (millions)

26.444
18.066
17.962
16.732
16.086
13.213
13.058
12.887
12.519
12.441
12.024
11.018
11.013
10.839
10.652
10.032
9.950
9.888
9.630
9.462
9.156
8.953
8.665
8.367
7.640
7.443
1372
6.989
6.979
6.860
6.771
6.531
6.353
5.567
5.467
5.452
5.445
5.169
5.054
4.900
4.865
4.828
4752
4635
4619
4.549
4.427
4.427
4393
4.251
4.224
4.077
4.018

Size

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

Urban centre

Madrid
Washington. D.C.
Dallas-Fort Worth
Sydney
Guangzhou
Lisbon

Pusan

Detroit
Abidjan

Porto Alegre
Hanoi
Guadalajara
Rhein-Main
Pune
Chittagong
Alexandria
Katowice
Montreal
Bandung
Houston
Casablanca
Recife

Berlin
Chengdu
Monterrey
Guatemala City
Salvador
Rhein-Ruhr Middle
Melbourne
Jidda

Nagoya
Ankara
Caracas
Pyongyang
Xian

Athens
Changchun
Fortaleza
Rhein-Ruhr South
Naples

San Diego
Johanneshurg
Boston
Capetown
Harbin
Inch’on
Medellin
Algiers
Kitakyushu
Khartoum
Nanjing
Barcelona
Atlanta

Country

Spain

United States of America
United States of America
Australia

China

Portugal

Republic of Korea

United States of America
Cote d'lvoire

Brazil

Viet Nam

Mexico

Germany

India

Bangladesh

Egypt

Poland

Canada

Indonesia

United States of America
Morocco

Brazil

Germany

China

Mexico

Guatemala

Brazil

Germany

Australia

Saudi Arabia

Japan

Turkey

Venezuela

Dem. People’s Republic of Korea
China

Greece

China

Brazil

Germany

[taly

United States of America
South Africa

United States of America
South Africa

China

Republic of Korea
Colombia

Algeria

Japan

Sudan

China

Spain

United States of America

Population (millions)

3.976
3.952
3.937
3.907
3.893
3.861
3.830
3.809
3.790
3.757
3.751
3.697
3.681
3.655
3.651
3.506
3.494
3.480
3.409
3.386
3.357
3.346
3319
3.294
3.267
3.242
3.238
3.233
3.232
3.192
3.157
3.155
3.153
3.124
3.123
3.116
3.093
3.066
3.050
3.012
3.002
2.950
2.934
2.930
2.928
2.884
2.866
2.761
2.750
2.742
2.740
2.729
2.706
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Table 7.2: continued

Size Urban centre

107 Surat
108 Luanda
109 Taegu
110 Zibo

111 Stuttgart
112 Hamburg
113 Rome
114 Addis Ababa
115 Kanpur
116 Dalian
117  Phoenix
118 Kabul
119 Jinan
120 Santo Domingo
121 Curitiba
122 Taipei
123 Guiyang
124 Kiev

125 Linyi

126 Surabaja
127 Taiyuan
128 Durban

129 Minneapolis-St Paul

130 Qingdao
131 Munich

132 Warsaw
133 Birmingham
134 Jaipur

135 Havana

136 Manchester
137 Cali

138 Nairobi

139 Aleppo

140 Miami-Hialeah
141 Lucknow
142 lzmir

143  Tashkent
144 Damascus
145 Faisalabad
146 Guayaquil
147 Dar es Salaam
148  Seattle

149  Nagpur

150 St Louis
151 Dakar

152 Beirut

153 Zhengzhou
154  Vienna

155 Tampa-St. Petersburg-

Clearwater
156 Baltimore
157 Vancouver
158 Zaozhuang

Country

India

Angola

Republic of Korea

China

Germany

Germany

Italy

Ethiopia

India

China

United States of America
Afghanistan

China

Dominican Republic
Brazil

China

China

Ukraine

China

Indonesia

China

South Africa

United States of America
China

Germany

Poland

United Kingdom

India

Cuba

United Kingdom
Colombia

Kenya

Syrian Arab Republic
United States of America
India

Turkey

Uzbekistan

Syrian Arab Republic
Pakistan

Ecuador

United Rep. of Tanzania
United States of America
India

United States of America
Senegal

Lebanon

China

Austria

United States of America

United States of America
Canada
China

Population (millions)

2.699
2.697
2.675
2.675
2672
2.664
2.649
2.645
2.641
2628
2623
2.602
2.568
2.563
2.562
2.550
2.533
2.499
2.498
2.461
2.415
2.391
2.378
2.316
2.291
2.274
2.272
2.259
2.256
2.252
2.233
2.233
2.229
2.224
2.2
2.214
2.148
2.144
2.142
2.118
2.115
2.097
2.089
2.084
2.078
2.070
2.070
2.065
2.064

2.053
2.049
2.048

Size

159
160
161
162
163
164
165

166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209

Urban centre

Liupanshui
Brasilia
Bucharest
Tel-Aviv-Yafo
Handan
Mashhad
Norfolk-Virginia Beach-
Newport News
Baku

Oporto
Maracaibo
Campinas
Valencia
Tunis

Puebla de Zaragoza
Medan
Accra

Kyoto

Jinxi
Budapest
Liuan
Sapporo
Harare
Hangzhou
Tianmen
Changsha
Port-au-Prince
Wanxian
Cleveland
Pittsburgh
Tripoli
Lanzhou
Nanchang
Kunming
Riverside-
San Bernardino
Denver
Barranquilla
Yantai

Hai Phong
Belgrade
Tangshan
Minsk

Belem

Patna
Lusaka
Douala
Xuzhou

San Jose
Brisbane
Quito

Rabat
Xiantao

Country

China

Brazil

Romania

Israel

China

Iran (Islamic Republic of)
United States of America

Azerbaijan

Portugal

Venezuela

Brazil

Venezuela

Tunisia

Mexico

Indonesia

Ghana

Japan

China

Hungary

China

Japan

Zimbabwe

China

China

China

Haiti

China

United States of America
United States of America
Libyan Arab Jamahiriya
China

China

China

United States of America

United States of America
Colombia

China

Viet Nam

Yugoslavia

China

Belarus

Brazil

India

Zambia

Cameroon

China

United States of America
Australia

Ecuador

Morocco

China

Population (millions)

2.023
2.016
2.001
2.001
1.996
1.990
1.963

1.948
1.940
1.901
1.895
1.893
1.892
1.888
1.879
1.868
1.849
1.821
1.819
1.818
1.813
1.791
1.780
1.779
1.775
1.769
1.759
1.735
1.735
1.733
1.730
1.722
1.701
1.699

1.698
1.683
1.681
1.676
1.673
1.671
1.667
1.658
1.658
1.653
1.642
1.636
1.635
1.622
1.616
1.616
1.614
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Table 7.2: continued

Size

210
VAN
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226

227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261

Urban centre

Stockholm
Rhein-Neckar
Antananarivo
Shijiazhuang
Heze

Indore
Pretoria
Yancheng
Yulin
Xinghua
East Rand
Ibadan
Taejon
Rawalpindi
Taian
Pingxiang
Fort Lauderdale-
Hollywood-Pampano
Beach
Manaus
Vadodara
Kaohsiung
Kansas City
La Paz
Toluca
Anshan
Luoyang
Khulna

Jilin

Qigihar
Leeds
Suining
Bhopal
Palembang
Coimbatore
Yaounde
Kharkov
Wulumugi
Fushun
Sacramento
Yerevan
Thilisi
Fuzhou
Neijiang
San Juan
Esfahan
Kuala Lumpur
Kwangju
Changde
Cordoba
Ludhiana
Zhanjiang
Huainan

Country Population (millions)
Sweden 1.612
Germany 1.605
Madagascar 1.603
China 1.603
China 1.600
India 1.597
South Africa 1.590
China 1.562
China 1.558
China 1.556
South Africa 1.552
Nigeria 1.549
Republic of Korea 1.522
Pakistan 1.521
China 1.503
China 1.502
United States of America 1.471
Brazil 1.467
India 1.465
China 1.463
United States of America 1.460
Bolivia 1.460
Mexico 1.455
China 1.453
China 1.451
Bangladesh 1.442
China 1.435
China 1.435
United Kingdom 1.433
China 1.428
India 1.425
Indonesia 1.422
India 1.420
Cameroon 1.420
Ukraine 1.416
China 1.415
China 1.413
United States of America 1.408
Armenia 1.407
Georgia 1.406
China 1.397
China 1.393
Puerto Rico 1.388
Iran (Islamic Republic of) 1.381
Malaysia 1.379
Republic of Korea 1.379
China 1.374
Argentina 1.368
India 1.368
China 1.368
China 1.354

Size

262
263
264
265
266
267
268
269
270
n
272
273
274
275
276
271
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
31
312
313
314

Urban centre

Lyon
Songnam
Yiyang

San Salvador
Kochi (Cochin)
Ulsan

Mecca
Copenhagen
Nizhni Novgorod
Perth
Portland-Vancouver
Sana
Gujranwala
Xintai
Montevideo
Cincinnati
Novosibirsk
Baotou
Dongguan
San Antonio
Nanning
Visakhapatnam
Brazzaville
Tijuana
Bielefeld
Turin

Agra

Leon de los Aldamas
Marseille
Weifang
Milwaukee
Hanover
Rosario

Tabriz

Santos
Wenzhou
Multan
Asuncion
Hefei

Ciudad Juarez
Conakry
Huaian
Orlando
Hyderabad
Ekaterinburg
Kampala
Yueyang
Prague
Varanasi
Nuremberg
Sugian
Madurai
Sofia

Country Population (millions)
France 1.353
Republic of Korea 1.353
China 1.343
El Salvador 1.341
India 1.340
Republic of Korea 1.340
Saudi Arabia 1.335
Denmark 1.332
Russian Federation 1.332
Australia 1.329
United States of America 1.328
Yemen 1.327
Pakistan 1.325
China 1.325
Uruguay 1.324
United States of America 1.323
Russian Federation 1.321
China 1.319
China 1.319
United States of America 1.318
China 1.311
India 1.309
Congo 1.306
Mexico 1.297
Germany 1.294
I[taly 1.294
India 1.293
Mexico 1.293
France 1.290
China 1.287
United States of America 1.285
Germany 1.283
Argentina 1.279
Iran (Islamic Republic of) 1.274
Brazil 1.270
China 1.269
Pakistan 1.263
Paraguay 1.262
China 1.242
Mexico 1.239
Guinea 1.232
China 1.232
United States of America 1.226
Pakistan 1.221
Russian Federation 1.218
Uganda 1.213
China 1.213
Czech Republic 1.203
India 1.199
Germany 1.189
China 1.189
India 1.187
Bulgaria 1.187
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Table 7.2: continued

Size Urban centre Country Population (millions) Size Urban centre Country Population (millions)
315 Tianshui China 1.187 352 Chifeng China 1.087
316 Suzhou China 1.183 353 Jamshedpur India 1.081
317 Shantou China 1.176 354 Ottawa Canada 1.081
318 Omsk Russian Federation 1.174 355 New Orleans United States of America 1.079
319 Ningbo China 1.173 356 Rotterdam Netherlands 1.078
320 Panama City Panama 1.173 357 Huzhou China 1.077
321 Yuzhou China 1.173 358 Daging China 1.076
322 Bursa Turkey 1.166 359 Zigong China 1.072
323 Datong China 1.165 360 Phnom-Penh Cambodia 1.070
324 Mogadishu Somalia 1.157 361 Dnepropetrovsk Ukraine 1.069
325 Jingmen China 1.153 362 Columbus United States of America 1.067
326 Amman Jordan 1.148 363 Zagreb Croatia 1.067
327 Davao Philippines 1.146 364 Peshawar Pakistan 1.066
328 Meerut India 1.143 365 Asansol India 1.065
329 West Palm Beach- United States of America 1.143 366 Mianyang China 1.065

Boca Raton- 367 Adelaide Australia 1.064

Delray Beach 368 Kazan Russian Federation 1.063
330 Leshan China 1.137 369 Santa Cruz Bolivia 1.062
331 Brussels Belgium 1.135 370 Aachen Germany 1.060
332 Samara Russian Federation 1.132 371 Nanchong China 1.055
333 Mosul Iraq 1.131 372 Lodz Poland 1.053
334 Shenzhen China 1131 373 Ujung Pandang Indonesia 1.051
335 Almaty Kazakhstan 1.130 374 Dhanbad India 1.046
336 Wuxi China 1127 375 Chelyahinsk Russian Federation 1.045
337 Shiraz Iran (Islamic Republic of) 1.124 376 Karaj Iran (Islamic Republic of) 1.044
338 Xiaoshan China 1.124 377 Allahabad India 1.035
339 Zaoyang China 1121 378 Rajshahi Bangladesh 1.035
340 Goiania Brazil 1.117 379 Fuyu China 1.025
341 Nashik India 1.117 380 Nampo Dem. People’s Republic of Korea ~ 1.022
342 Bamako Mali 1.114 381 Jining China 1.019
343 Yixing China 1.108 382 Faridabad India 1.018
344 Amsterdam Netherlands 1.105 383 Rostov-On-Don Russian Federation 1.012
345 Auckland New Zealand 1.102 384 Torreon Mexico 1.012
346 Ufa Russian Federation 1.102 385 Managua Nicaragua 1.009
347 Jabalpur India 1.100 386 Indianapolis United States of America 1.008
348 Maracay Venezuela 1.100 387 Donetsk Ukraine 1.007
349 Yongzhou China 1.097 388 Port Elizabeth South Africa 1.006
350 Maputo Mozambique 1.094 389 Volgograd Russian Federation 1.000
351 Adana Turkey 1.091

Source: UN, 2002.

Cities rarely develop with careful water and wastewater to concentrate there and people respond to the resulting
management and the governance structures these require. Most cities concentration of jobs or other economic opportunities by moving
that today enjoy good water systems have histories of there. City populations also grow through natural increase.
mismanagement and crisis, and only developed their water supply and Most cities initially expanded with little government attention
wastewater management systems in response to the water problems given to ensuring continued water availability and wastewater
generated by growth and accelerated by industrial development. management. The process by which water was obtained and

The availability of water has always been an important influence wastewater disposed of was (and often still is) a chaotic and poorly
on where cities grow. Although many other factors have or once managed process, with each user seeking the cheapest source of
had importance for underpinning urban development in what are water. For instance, it is common for users and even water utilities

today large urban centres, cities grow because enterprises choose to draw on groundwater, with neither regulation nor coordination.
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They also seek the cheapest and most convenient means to dispose
of wastewater, which often results in their contaminating water
sources for their ‘downstream’ neighbours or for other groundwater
users. Even where reticulated water supply and sanitation systems
are operational, maintenance may be the last item on the budget
and therefore prone to resource cuts. Sewage leakage and pressure
irregularities in the water supply system, resulting from insufficient
maintenance, eventually create substantial contamination risks.

Good urban water management is complex, and requires not only
water and wastewater infrastructure but also pollution control
(especially from industries), sustainable use of water sources,
wastewater management and flood prevention. In addition, it requires
coordination across many sectors and, usually, between different local
authorities as most cities' water supplies and wastewater are not
limited to water catchments within their boundaries.

The importance of ensuring good water quality for water
systems used for recreation and of limiting ecological damage to the
water systems that receive wastewater, storm and surface runoff has
added considerably to authorities' tasks. From a financial
perspective, however, management decisions often have a cascading
effect: the installation of a new or improved sewage system can
imply investment in an increased capacity of treatment plants.

All these tasks require governance structures that provide a
sound legal, institutional and financial basis. In cities with rapidly
growing populations or those with weak economies and limited
possibilities of raising funds for water management, these
structures must also be adapted to the particular difficulties facing
local authorities.

Progress in providing water and sanitation services used to be
expressed in coverage figures originating from national authorities
and service providers. The Global Water Supply and Sanitation 2000
Assessment Report (WHO/UNICEF, 2000) made a significant step
forward by defining access to improved water sources and sanitation
in terms of probability of safety, and by basing itself on surveys and
censuses among users. In line with the intention of the WHO/UNICEF
(United Nations Children's Fund) Joint Monitoring Programme of
Water Supply and Sanitation (JMP), it is argued here that the
methodology should be further developed so that progress can be
assessed by measuring the numbers of people with access to ‘safe
and sufficient’ water and 'safe and convenient’ sanitation that meets
basic welfare and hygiene needs. In this context, adequate water
provision would refer to the supply of water that meets drinking
water quality standards (i.e. water that can be safely drunk and used

for cooking), in sufficient quantity to allow for washing and other
aspects of personal hygiene and domestic cleanliness.

All city dwellers have access to water in some way since no one
can live without it. The issue is not whether they have access to
water but whether the supplies are safe, sufficient for their needs
and easily accessed at a price they can afford. Similarly, for sanitation,
all city dwellers have to make some provision for defecation, even if
this is defecating on wasteland. The issue is not whether they have
provision but whether they have a quality of provision that eliminates
their (and others') contact with human excreta and wastewater by
making available toilets that are convenient, clean, easily accessed
and affordable by all. Meeting these basic needs and thus reducing
the burden of disease related to their insufficiency should be the
driving force, and raising the health status of vulnerable groups the
primary goal, of public action.

Over time, many cities have acquired governance structures that
have greatly improved water management (including all the national
or provincial laws, institutions and financial systems to support this).
In cities of high-income nations, it is taken for granted that each
home or business has a twenty-four-hours-a-day piped water supply
that can be used for drinking, bathing and other domestic purposes,
as well as hygienic, easily cleaned toilets available to all. Yet it was
just over 100 years ago that provision of access to safe, piped
water supplies, sanitation for all city dwellers and governance
structures to ensure that these operations were carried out, began
to be accepted, initially in Europe and North America, as a key part
to any city's water management (Mumford, 1991).

This acceptance now seems universal. In 1976, at the United
Nations (UN) Conference on Human Settlements (Habitat), 132
governments formally committed themselves to a recommendation
stating that 'safe water supply and hygienic disposal should receive
priority with a view to achieving measurable qualitative and
quantitative targets serving all the population by a certain date’
(UN, 1976). In 1977, at the UN Water Conference at Mar del Plata,
governments agreed that national plans should aim to provide safe
drinking water and basic sanitation to all by 1990 if possible, that is
within the International Drinking Water Supply and Sanitation
Decade (IDWSSD), (UN, 1977). In 1990, at the World Summit for
Children, the many assembled governments made a commitment to
achieving universal access to safe water and adequate sanitation by
the year 2000. However, these targets were not met, and hundreds
of millions of urban dwellers still suffer from very poor or non-
existent provision for water and sanitation. There is also the worry
that the targets set within the Millennium Development Goals,
which imply improved provision for water, sanitation and drainage -
i.e. to have achieved, by 2020, a significant improvement in the
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lives of at least 100 million slum dwellers - will achieve no more
than previous commitments made by governments and international
agencies.

There is, however, an add-on value of setting such goals on a
relatively short-term basis and within @ minimalist view of
development: in retrospect, without the IDWSSD goals, the status
of water and sanitation in the world would have been even worse.

In high-income nations, the need for all urban households to have
safe, regular piped water supplies to their home, internal plumbing and
their own sanitary toilet is unquestioned. These can be set as the
standard for which universal provision is possible. But in lower-income
nations, where universal provision to such a standard is not possible,
other standards have to be set. From a public health perspective, it is
better to provide a whole city's population with safe water supplies to
taps within 50 metres of their home than to provide only the richest
20 percent of households with water piped to their home. The Global
Water Supply and Sanitation 2000 Assessment Report suggests that
‘reasonable access' for water should be broadly defined as ‘the
availability of at least 20 litres per person per day from a source within
one kilometre of the user's dwelling'. For most urban settings, distance
alone does not provide an appropriate standard; population density is
a critical modulator. While in a sparsely populated rural area, a one-
kilometre distance may indeed provide reasonable access, this is most
unlikely to be the case for a high-density squatter settlement with a
population of 100,000. Furthermore, standards for water provision
should also consider the regularity of the supply alongside such issues
as water quality and price. In recognition of the fact that assessments
at all levels of access to water and sanitation need to account for
multiple criteria, the WHO/UNICEF JMP is constantly refining existing
criteria and developing and testing new ones. Future assessments
should be increasingly sensitive and specific, and yield results that will
facilitate informed decision-making.

Unfortunately, there are few detailed datasets available on the
quality of provision for water and sanitation in most of the world's
cities. Most of the data upon which national or global surveys of
provision rely are drawn from censuses or household surveys that do
not ask most of the critical questions regarding the adequacy of
provision. In addition, the criteria used in most such censuses or
household surveys for assessing adequacy do not address important
differences between rural and urban contexts. Indeed, health risks
from using toilets in many urban settings may be more linked to the
number of people sharing each toilet than to the kind of toilet used
(Benneh et al., 1993), but data are often not collected on the
extent of toilet sharing. This explains why global assessments of
water and sanitation provision for the world's urban (and rural)
populations are not able to measure the proportion of people with
access to ‘safe and sufficient’ water and 'safe and convenient’
sanitation, but only the proportion with access to ‘improved’ sources

of water and ‘improved’ sanitation. Reviewing the quality of water
and sanitation provision in the world's cities shows a continuum
between those with very high quality to those with little or none.
Basically, there are three levels of provision.

In high-income countries, there is more or less universal
provision of advanced water and sanitation facilities and other
city water services, most of which are provided by public sector
utilities, although increasing use is being made of private sector
provision. The main challenges revolve around prevention of
microbial and chemical contamination of water distribution
systems, optimizing the efficiency of utility operation both in
economic and in ecological terms, dealing with issues of asset
renewal and management of residuals from water treatment, and
ensuring that the impact of effluents from wastewater
discharges on receiving waters remains within acceptable levels.

In middle-income countries, a great deal of water and sanitation
infrastructure exists but it is often in poor condition. The service
delivery systems are frequently underfunded, poorly managed
and in a poor state of maintenance with high levels of water
leakage, and inadequate wastewater treatment. Here the most
pressing issues are usually related to improving efficiency,
infrastructure maintenance, renewal and extension, pricing and
revenue collection, and more effective supervision and
enforcement of regulations on industrial pollutants. Governments
are beginning to take steps to address these issues, especially in
larger cities (see box 7.1).

Lower-income countries have particularly difficult problems. They
have less water and sanitation infrastructure than high- and
middle-income countries. Likewise, their institutions and
management systems are generally underdeveloped, and their
overall capacity to deliver a reasonable water and sanitation
service is very low. Big cities generally have some water and
sanitation infrastructure in their central areas, and this is, in
many cases, being improved and expanded by the introduction of
private concessionaires or improved public utility operations.
However, in many peri-urban areas of large cities and in most
smaller urban centres, water and sanitation infrastructure is very
limited, and there are problems with industrial pollution - often
difficult to control as they stem from many small-scale
operations. The overall result is widespread microbial and
chemical pollution of water sources in and around the cities.

In each of these three situations, cities face the challenges of
developing integrated urban water management systems appropriate
to their needs and capacities, but nested within the system of
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With no rivers or lakes to tap for freshwater, Singapore relies
on rainfall collected in its fourteen reservoirs and on imports
from Malaysia; in the future it will increasingly depend on
desalination. Because of this dependence on outside
sources, the Public Utilities Board has made an effort in
recent years to improve efficiency and reduce waste,
especially in the area of Unaccounted-for-Water (UfW).

UfW is the difference between the water delivered to
the distribution system and the water sold. It has two
basic components: physical losses, such as water lost from
pipes and overflows from tanks, and commercial losses,
which include water used but not paid for.

Through a consistent monitoring programme, Singapore
has achieved a UfW rate of an impressive 6 percent.
Singapore's UfW reduction programme is based on
metering, audits of commercial water use and leak
detection. The metering programme aims to achieve
universal metering with high accuracy on all meters by
replacing domestic meters every seven years and industrial
meters every four years, and by measuring and billing for

Integrated Water Resources Management (IWRM) of the basin in
which each city lies.

There are several common-sense reasons why urban areas should be
better served than rural areas. The first is that urban areas provide
significant economies of scale and proximity for the delivery of piped
water and provision for good-quality sanitation and drainage, so unit
costs are lower. The second is that many cities have a more prosperous
economic base than rural areas, providing higher average incomes for
large sections of the population and greater possibilities for
governments or private utilities to raise revenues for such provision.

The third reason is that urban areas concentrate not only people
and enterprises but also their wastes, and as WHO has recognized,
when infrastructure and services are lacking, urban areas are among
the world's most life-threatening environments (WHO, 1999a). The
deficiencies in water and sanitation mean high disease burdens for
much of the population. In addition, in many cities, insufficiencies in
provision for drainage and flood protection expose large sections of
the population to high levels of risk from flooding and the
consequent spread of disease.

water used for firefighting. Singapore has implemented
programmes to identify consumption patterns and notify
customers of excessive consumption, identify inconsistent
meter readings, replace faulty meters and set average
water rates close to the marginal cost of water to
encourage careful inspection and evaluation of
unaccounted-for and inefficient use of water. There are also
substantial efforts to detect and stop leaks: the systems are
tested annually and the surface pipes quarterly, and these
are replaced if more than three breaks a year are reported.
As a result of this programme, the number of pipe breaks
has decreased from twelve per 100 km/year in 1985 to
less than four per 100 km/year in 1992 (Yepes, 1995).

Although the annual cost of these investments over a
thirty-year period works out to US$5.8 million, the
programme has proven to be cost-effective when
considering the current and long-term marginal cost of
water to Singapore.

Source: Prepared for the World Water Assessment Programme (WWAP) by V. Srinivasan,
P.-H. Gleick and C. Hunt at the Pacific Institute, 2002.

The risks of human contamination from faecal-oral diseases vary with
different levels of provision for water, sanitation and hygiene (see
figure 5.1 in chapter 5). But one difficulty consists in assessing the
provision for water and sanitation, since even ignoring the variation
at each level, it is unclear where to draw the line between
‘adequate’ and 'inadequate’ provision. What is clear, however, is that
there are quantum health gains from improved service levels of water
supply and sanitation. The transition from a situation of no services
at all to one with the most basic of services allows the most
substantial health gains, followed by those gained from extending
the services to the individual household. The best health system in
cities is water piped into everyone's home with internal plumbing
feeding into bathrooms and kitchens, and with toilets, baths,
showers and sinks connected to sewers. This is an accepted standard
for cities in high-income nations and may be achieved or achievable
in some cities in middle-income nations (see for instance levels of
provision in Porto Alegre in Brazil, described in Menegat, 2002).
However, in any city in which large sections of the population have
very inadequate provision for water and sanitation and limited
resources, it is inappropriate and not feasible. In this case, the
priority should be to ensure that everyone has ‘improved' provision,
although higher standards can be provided to areas of the city




CITIES: COMPETING NEEDS IN AN URBAN ENVIRONMENT / 169

where the inhabitants are willing and able to pay the full cost of so
doing. This suggests the need for assessments of who has access to
different levels of provision in each settlement - i.e. detailed data for
each household within each settlement. This information would then
allow the authorities to focus on ensuring ‘improved’ provision to
everyone and supporting better quality provision wherever possible.

In cities served by piped water, sanitation, drainage, waste removal
and a good healthcare system, child mortality rates are generally
around 10 per 1,000 live births and few child deaths are the result of
water-related diseases (or other environmental hazards). In cities or
neighbourhoods with inadequate provision, it is common for the rate
to be ten to twenty times this. This is the case in many low-income
countries, some of whose child mortality rates have increased in recent
years. Many middle-income nations still have urban child mortality
rates of 50 to 100 per 1,000 live births (Montgomery, 2002).

These are average figures for entire urban populations and as such,
they obscure the higher rates within the lower-income settlements. In a
well managed city, the difference in mortality rates for children between
the lowest and highest income areas is not very large; in a badly
managed city they can vary by a factor of 10, 20 or more. Surveys in
seven settlements in Karachi (Pakistan) found that infant mortality rates
varied from 33 to 209 per 1,000 live births (Hasan, 1999).

Diarrhoeal diseases are still a primary cause of infant and child death
for large sections of the world's urban population. When provision for
water and sanitation is poor, diarrhoeal diseases and other diseases
linked to contaminated water (such as typhoid) or contaminated food
and water (such as cholera and hepatitis A} are among the most
serious health problems within urban populations. Case studies in
low-income settlements have shown the high proportion of children
who have debilitating intestinal worms (Bradley et al., 1991). The
prevalence of various skin and eye infections such as scabies and
trachoma associated with a lack of water supplies for washing is
particularly high among children living in poor-quality homes and
neighbourhoods (see for instance Landwehr et al., 1998). Chapter 5
on health gives more details on water-related diseases.

Unsanitary environments contribute also to malnutrition by
challenging children's immune systems. Long-term impacts for children
are not restricted to health; research in poor urban settlements in
Brazil has related early childhood diarrhoeas to impaired cognitive
functioning several years later (Guerrant et al., 1999).

Factors contributing to the inadequacies in provision for water and
sanitation exist at every level, from the most local to the international,
as illustrated by figure 7.1.

Figure 7.1: Examples of causes for the prevalence of diarrhoeal diseases in a squatter settlement

Weak and ineffective
local government,
lacking funds to
invest in water and
sanitation

Low priority given
by international
agencies to
providing funding
for urban water

Low transfers of funds
to local government;
centralized government
structure unwilling to
support development of
competent, effective
local government

Limited funding for
investment in water
and sanitation
nationally because
of debt burdens and
poor economic
performance

—

Underlying causes Contributory causes

lllegal status of the
settlement with local
government not
wanting to allow
water supply and
sewers to 'illegal
squatters' Use of water and
weaning foods
contaminated
with human
excreta

Poor-quality provision
for water and
sanitation in the
settlement

/

Proximate causes

Drawing on the particular example of the causes for the prevalence of diarrhoeal diseases, this figure shows that many factors contribute to the inadequacies for water and

sanitation, from the international to the local level.

Source: UNICEF, 2003.
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Poor water management in cities contributes to many other health
problems. Malaria, often considered a rural disease, is now among the
main causes of illness and death in many urban areas. In south Asia it
is related to drinking water storage on rooftops (so-called overhead
tanks), to which the Anopheles stephensi mosquito has adapted its
breeding habits; in Africa and Latin America it is more often associated
with poorly drained locations where the mosquitoes breed in clear
standing water (WHO, 1999a). In some cities, a gradient has been
observed where malaria transmission declines towards the city centre,
with pollution of open water being the key determinant. Aedes
mosquitoes that transmit a number of viral diseases, including dengue
fever, dengue haemorrhagic fever and yellow fever, breed in small
water collections and containers. These are related to poor drainage or
to solid waste (car tyre dumps are notorious) and also include small
domestic water collections. The latter may be the result of inadequate
or intermittent water supplies, which force people to keep drinking
water containers in their homes (Cairncross and Feachem, 1993).

The vectors of lymphatic filariasis breed in organically polluted
waters, including open sewage canals. Many other disease vectors
thrive where there is poor drainage and inadequate provision for

rubbish collection, sanitation and piped water - these include house
flies, fleas, lice and cockroaches (Satterthwaite et al., 1996).

Table 7.3 shows the proportion of the urban population in each of the
world's regions with access to 'improved’ water sources and improved
sanitation in 2000. For this assessment, certain types of technology
were designated as ‘improved’ based on the likelihood that the water
and sanitation provided were safe. WHO and UNICEF are carrying out
pilot studies in a number of countries in an attempt to move from a
qualitative designation of access to improved sources, to a quantitative
method of assessment.

Individual city studies and the data collected by the 2000
Assessment for large cities suggest that if it were possible to widen
the assessment to measure the proportion with access to safe,
sufficient supplies, the number of urban dwellers inadequately
served would be much higher.

The quality and level of detail in the 2000 Assessment was a
considerable advance on earlier assessments since it recognized that

Table 7.3: The proportion of urban populations with access to ‘improved’ water supply and sanitation

Region Urban population

(millions)

Global

Urban water supply 2,862
Urban sanitation

Africa

Urban water supply 295
Urban sanitation

Asia

Urban water supply 1,376
Urban sanitation

Latin America and the Caribbean

Urban water supply 391
Urban sanitation

Oceania

Urban water supply 23
Urban sanitation

Europe

Urban water supply 534
Urban sanitation

North America

Urban water supply 243
Urban sanitation

% with ‘improved’ Number of people % of people

provision unserved (millions) unserved

95 157 5.5
83 481 16.8
86 40 136
80 59 20
93 90 6.5
74 360 26
94 24 6.1
86 55 14
98 0.4 1.7
99 0.2 0.9

100 2.4 0.4
99 6.1 1.15

100 0 0

100 0 0

According to the Global Water Supply and Sanitation 2000 Assessment, ‘improved’ water supply and sanitation designate safe water and sanitation, and mostly rely on quality. This table explicitly

shows that most of the unserved populations are in Asia and Africa.

Source: WHO and UNICEF Joint Monitoring Programme, 2002. Updated in September 2002.
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‘the definition of safe or improved water supply and sanitation
facilities sometimes differed not only from one country to another,
but also for a given country over time." It also noted that some of
the data from individual countries ‘often showed rapid and
implausible changes in level of coverage from one assessment to the
next'. Details of coverage were inevitably limited by the restricted
range of questions asked about water and sanitation within these
surveys (see chapter 5 on water and health).

Studies of provision for water and sanitation in particular cities
reveal a gap between the proportion of people with ‘improved’
supplies and the proportion that could be considered to have ‘safe,
sufficient provision'. For instance, 99 percent of the urban population
of Bangladesh had access to 'improved’ water supply in 2000
(WHO/UNICEF, 2000). Studies drawn from individual cities within
Bangladesh, however, show that the population proportion with ‘safe
and sufficient' provision is much less (see box 7.2). Similarly, in India,
92 percent of the urban population has ‘improved’ water supply, yet
descriptions of water provision in many city case studies suggest that
a much smaller proportion has access to safe, sufficient provision
(see, for instance, Hardoy et al., 2001; Schenck, 2001; Anand,
1999; TARU Leading Edge, 1998; Ghosh et al., 1994). In Pakistan,

96 percent of the urban population may have ‘improved’ water
supply but descriptions of conditions in Karachi and Faisalabad
suggest that a much lower proportion has safe, sufficient provision
(Hasan, 1999). These and many other case studies of large cities
show that a high proportion of all inhabitants have very inadequate
provision. Analyses drawn from the demographic and health surveys
also suggest that provision for water in these same nations is worse
in smaller urban centres than in the larger cities (Hewett and
Montgomery, 2001).

This same gap between the proportion of urban dwellers with
‘improved’ provision and ‘safe, sufficient provision' is evident in
many African nations (see box 7.3). For Kenya, 87 percent of its
urban population had improved water supplies by 2000, yet detailed
studies in Kenya's two largest cities, Nairobi and Mombasa, show a
much smaller proportion with safe, sufficient provision (Hardoy et
al., 2001). This is also evident in many other sub-Saharan African
nations, including the United Republic of Tanzania and Nigeria (UN-
Habitat, forthcoming).

The 2000 Assessment also collected statistics on water supplies
for large cities. For Africa, this covered forty-three cities and
showed that 31 percent of the population was unserved, with only

In Dhaka, Bangladesh, if ‘access to water’ is defined as
the availability of water within 100 metres, the proportion
counted as having access would be much lower than the
99 percent given in official statistics (Islam et al., 1997).
In 2002, the head of Dhaka's water and sewerage
authority estimated that there were 2.5 million people in
Dhaka's ‘slums’, most with very inadequate provision for
water and sanitation. 70 percent of the population have
no sewers. Tens of thousands of children die each year
because of water-borne diseases and polluted water
(Vidal, 2002). A survey by the International Centre for
Diarrhoeal Disease Research found that for half the
population in 'slum’ areas, it takes more than thirty
minutes each time they collect water (UNICEF, 1997). In
addition, 42 percent of those living in ‘slums’ used a pit
or open latrine, while 2 percent had no fixed arrangement
and 2.7 percent used an open field (Islam et al., 1997).

In Chittagong, about a quarter of the population of

1.6 million is served by individual house connections,

200,000 by 588 street hydrants, and the rest collect water
from other sources such as natural springs, canals, ponds
and rainwater catchments (Kaneez Hasna, 1995).

A 1993 survey found that nearly three quarters of the
metropolitan 'slum’ population relied on bucket or pit
latrines (Bangladesh Bureau of Statistics, 1996).

More than half of Karachi's (Pakistan) 12 million
inhabitants lives in katchi abadis, squatter camps made of
mud or timber huts. The most recent figures available (for
1989) show that only half the katchi abadis have piped
water and only 12 percent have provision for sanitation,
compared to the planned areas where more than four
fifths have piped water and sanitation. For the whole city,
only 40 percent of the population is connected to the
official sewer system (Hasan, 1999). In Faisalabad, some
two thirds of the city's 2 million inhabitants live in largely
unserviced areas; over half have no piped water supply
and less than a third have sewers (Alimuddin et al.,
2000).
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A report in 1994 stated that 55 percent of Nairobi's (Kenya)
population lived in informal settlements that are squeezed
onto less than 6 percent of the city's land area. Only 12
percent of plots in these settlements have piped supplies.
Most people have to obtain water from kiosks. A survey
found that 80 percent of households complained of water
shortages and pipes running dry. This same survey
suggested that 94 percent of the inhabitants of informal
settlements do not have access to adequate sanitation.
Only a minority of dwellings have toilets. Significant
proportions of the total population have no access to
showers and baths, and in most areas drainage is
inadequate (Alder, 1995). Kibera is the largest low-income
urban area in Nairobi, covering an area of 225 hectares
with an estimated population of 470,000. Traditional pit
latrines are the only excreta-disposal system available, and
a high proportion of households have no toilet within or
close to their home. There are often up to 200 persons per
pit latrine. Pits fill up quickly and emptying is a problem due

43 percent having a house connection or yard tap and 21 percent
relying on public taps (see figure 7.2). If the definition of 'adequate
provision for water' were to be set as a house connection or yard
tap, then more than half the population in these cities has
inadequate provision (Hewett and Montgomery, 2001).

Detailed city studies show that a large proportion of the population
that has 'improved’ sanitation does not have safe, convenient
sanitation. The cities listed in boxes 7.2 and 7.3 are among the
largest in each of their countries. However, provision for sanitation
is worse in smaller urban centres than in the larger cities so the gap
between those with ‘improved’ sanitation and ‘safe, convenient’
sanitation may be even larger here. Many city studies in other
African nations also suggest that the proportion of people with
safe, convenient sanitation is much lower than the proportion with
"improved’ sanitation (Hardoy et al., 2001).

The 2000 Assessment's statistics for sanitation for forty-three
of Africa’s large cities showed that 19 percent of the population

to difficult access. Space to dig new pits is often not
available (WHO, 1996). For the whole of Nairobi, only
40 percent of households are connected to sewers (Mosha,
2000).

In the United Republic of Tanzania, more than
60 percent of communities in Dar es Salaam live in areas
with minimal or no infrastructure such as water supply,
sanitation and drainage (Mazwile, 2000). Only a small
proportion of the population of the country’s largest cities
have sewage connections (Shayo Temu, 2000). 83 percent
of households in Dar es Salaam use pit latrines among
which 10 percent have septic tanks and 6 to 7 percent
have sewers; the sewage network covers only the central
part of the city and a small section outside the centre.
The system is old and unreliable, owing to deferred
maintenance (Mosha, 2000). Many Tanzanian cities had
water available for only a few hours a day on average,
ranging from Dodoma (7 hours) to Singida (2 hours),
(Njau, 2000).

remains unserved (see figure 7.2). Among these populations, only
18 percent have toilets connected to sewers, a very low proportion
as confirmed by an analysis of the Demographic and Health Surveys
suggesting that a mere 25 percent of Africa's urban population has
access to toilets connected to sewers (Hewett and Montgomery,
2001). This conclusion is also supported by statistics on the
proportion of households with sewer connections in the largest city
in each African nation. In most of these cities, less than 10 percent
of the population has sewer connections while in many, including
Abidjan (Cote d'Ivoire), Addis Ababa (Ethiopia), Asmara (Eritrea),
Brazzaville (Congo), Cotonou (Benin), Kinshasa (Congo), Libreville
(Gabon), Moroni (Comoros), N'Djamena (Republic Of Chad),
Ouagadougou (Burkina Faso), and less than 2 percent have
connections (WHO/UNICEF, 2000).

In most urban settings, shared toilets and pit latrines are not
adequate to fulfil the primary health function of a toilet - to ensure
the safe disposal of human excreta so it does not contaminate
hands, clothes, water or food and is inaccessible to flies and other
disease vectors. If the only available toilets are shared, they will not
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Figure 7.2: The proportion of households in major cities connected to
piped water and sewers
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These figures are based on information provided by 116 cities. In no region was
there a representative sample of large cities, although the figures for each region
are likely to be indicative of average levels of provision for major cities in that
region. If adequate provision for sanitation in large cities is taken to mean a toilet
connected to a sewer, then these figures indicate there is a significant lack of
adequate provision in cities throughout Africa, Asia, Latin America, the Caribbean
and Oceania.

Source: WHO/UNICEF, 2000.

be used if they are too distant or not easily available; it is also
difficult to ensure that shared toilets are kept clean.

In urban areas with a high concentration of low-income
households it is common for each toilet to be shared by dozens of
people or for the only toilets available to be public toilets with
hundreds of people to each toilet. Tens of millions of households in
informal settlements in Africa and Asia have access only to
overused and poorly maintained communal or public toilets. It is
also rare for official statistics on communal or public toilets to
assess whether the toilets are in use or maintained. In Mumbai
(India), as in many other places, official estimates of toilet
availability overlook the fact that many toilets are in fact unusable;
in one community, 80 percent of municipally provided seats were
found to be unusable (NSDF et al., 1997).

The use of public toilets is particularly problematic for young
children. Taking a small child any distance to a toilet or having to
queue to use it is impractical. Women and adolescent girls may be
reluctant to use public toilets because these facilities offer little

privacy and the lack of security increases the risk of sexual abuse or
violence. Public latrines can also be expensive: in Kumasi (Ghana)
the use of public toilets once a day by each family member can use
up 10 to 15 percent of the main income-earner's wages (Korboe et
al., 2000). In many Indian cities as well, low-income households
cannot afford to use public toilets.

Provision for sanitation is so poor in many cities that significant
proportions of their population resort to open defecation or to
defecation in some waste material (such as waste paper or a plastic
bag) - what is termed ‘wrap and throw' in Cebu (Philippines) or ‘flying
toilets’ in Accra (Ghana), (Etemadi, 2000). Studies of many individual
cities, including Addis Ababa, Bangalore (India), Colombo (Sri Lanka),
Dhaka (Bangladesh), Kingston (Jamaica), and Ouagadougou, have
found open defecation to be a serious problem (Hardoy et al., 2001).

The absence of provision for drainage and for the collection of
household wastes within low-income settlements also contributes to
the likelihood of faecal contamination and the large disease burden
this brings. Most informal settlements have no service to collect solid
waste. In many African cities, only 10 to 30 percent of all urban
households' solid wastes are collected, and services are inevitably
most deficient for informal settlements (Hardoy et al., 2001).
Uncollected garbage, along with excreta, is often disposed of in
drainage ditches, which can become quickly clogged. Also, in
overcrowded city settings where space is particularly problematic, it
is difficult to ensure regular and safe sludge removal from latrines or
septic tanks. When wastewater and stormwater cannot be easily
drained, flooding spreads waste and excreta through the surrounding
area. Standing water can also be contaminated by blocked sewers
and overflowing septic tanks, and pathogens are then quickly
disseminated. Organically polluted water also becomes a breeding
place for certain disease vectors, i.e. the Culex quinquefasciatus
mosquito. Drainage is an especially serious concern for the many
urban communities on steep or swampy land (Cairncross and Ouano,
1990).

If adequate provision for sanitation in large cities is taken to
mean a toilet connected to a sewer, then figure 7.2 indicates that
there is a significant lack of adequate provision in cities throughout
Africa, Asia, Latin America and the Caribbean. While this overstates
the case, since a large proportion of the population of many large
cities is adequately served, it does highlight how the scale of the
‘sanitation gap' is very dependent on the criteria used with respect
to what is said to be ‘adequate’.
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There is an apparent contradiction between the increased stress
given to the role of hygiene behaviour in reducing the incidence of
many water-related diseases, and the criteria used to define what is
adequate for water and sanitation. Although it is recognized that
the role of good hygiene really increases significantly once water is
piped to the home or the yard, many governments still regard water
available within 100 or 200 metres as adequate.

Similarly, good hygiene depends on young children not defecating
in the open, yet pit latrines are considered as ‘improved sanitation’
even when most children will not use them. A survey conducted by
UNICEF's India office found that only 1 percent of children under six
use latrines, that the stools of an additional 5 percent are thrown into
latrines, and that the remainder end up in drains, streets or yards,
furthering the likelihood of contamination (UNICEF, 2000).

Hygiene improvements for young children depend heavily on the
quality of childcare. Care providers face great difficulties where
provision for water and sanitation is inadequate since managing
water supplies, keeping children clean and safe, dealing with waste
and excreta in the absence of adequate services and handling food
and utensils hygienically are very difficult and often compete with
many other tasks (Bartlett, 2002).

Cities transform the environments and landscapes around them at
considerable distances, and can have environmental impacts into
large areas usually defined as rural. Environmental impacts on this
wider region, both positive and negative, arise from:

the expansion of the built-up area and the transformations

this brings - for instance as land surfaces are reshaped, valleys
and swamps fill, large volumes of mineral resources are extracted
and moved, water sources are tapped and rivers and

streams channelled;

the demand from city-based enterprises, households and
institutions for the products of the region around the city; and

the solid, liquid and air-borne wastes generated within the city
and transferred to the region around it.

1. This section draws on chapter 5 of Hardoy et al., 2001.

Cities require a very large input of freshwater (and other natural
resources), and the more populous the city and the richer its
inhabitants, the greater the demand on resources and, in general,
the larger the area from which these are drawn. Water demand is
also critically influenced by the nature of the city's economic base.

Wastewater is then returned to rivers, lakes or the sea at a
lower quality than that originally supplied. Storm and surface runoff
also collects large pollution loads as it flows through cities,
especially where there is inadequate provision for solid waste
collection as much of the uncollected waste generally finds its way
into water bodies, adding to the pollution. There are also the
problems of pollution surges as urban stormwater can be up to ten
times more polluted than dry-weather wastewater owing to wash-
off from roads and open spaces, pollution gathered during
percolation through the soil and resuspension of deposits
accumulated in sewers and drains.

In most low- and middle-income nations, in the absence of any
effective land use plan or other means to guide and control new
developments, cities generally expand haphazardly. Uncontrolled
physical growth impacts most on the immediate surrounding area.
Within this area, agriculture may disappear or decline as land is
bought up by people or companies in anticipation of its
urbanization and its resulting increases in land value, as the city's
built-up area and transport system expands. There is usually a lack
of effective public control of such changes or on the profits that
can be made from them, even when public investment (for instance
the expansion of road networks) creates much of the increment in
land value. Around prosperous cities, expansion is also encouraged
by the scale of profits that can be made - and it is difficult to
develop governance structures that prevent powerful vested
interests from being the prime beneficiaries (Kelly, 1998).

There are usually illegal squatter communities, too, who
originally located to the surrounding area because the
inaccessibility, lack of infrastructure and poor quality of the site
reduced the chance of eviction. In many cities, including Buenos
Aires (Argentina), Delhi (India), Manila (Philippines), Santiago (Chile)
and Seoul (Republic of Korea), the surrounding area also contains
settlements formed when their inhabitants were being evicted from
their homes by 'slum’ or squatter clearance. Low-income groups are
often segregated in the worst located and often the most dangerous
areas for which it is difficult and expensive to provide water,
sanitation and drainage. The haphazard expansion of settlements
generally results in greatly increased costs for providing basic
infrastructure to developments that need connection to existing
water, sewage and drainage networks some distance away. These




CITIES: COMPETING NEEDS IN AN URBAN ENVIRONMENT / 175

costs are also augmented by the layouts of many illegal settlements
and other site characteristics such as unclear plot boundaries and
unstable soils (Roche et al., 2001). However, this is not always the
case and some illegal settlements or illegal subdivisions develop with
careful attention to site layouts that allow for future infrastructure
installation. In addition, the agencies or companies whose
responsibility it is to provide piped water and provision for sanitation
and drainage may be reluctant to install the needed infrastructure in
illegal settlements or may be prohibited from doing so.

Other water problems related to uncontrolled city expansion
include:

difficulties in protecting water sources as new urban
developments occur within watersheds and surface water sources
become polluted;

damage to drainage systems, such as land clearance and
deforestation, which greatly increases silt loads that clog
drainage channels, thus increasing the risks of flooding (Vlachos
and Braga, 2001);

increases in wastewater, storm and surface runoff flows with the
expansion of impermeable surfaces and extraction, use and
disposal of available water sources, which often bring increased
risks of flooding and reduced infiltration and recharge of aquifers
(Ellis, 1999);

new possibilities for disease vectors, as the expansion of the
built-up area, water reservoirs and drains, together with land
clearance and deforestation can drastically change the local
ecology (natural foci for disease vectors may become entrapped
within the suburban extension, and new ecological niches for the
animal reservoirs may be created; within urban conurbations,
disease vectors may adapt to new habitats and introduce new
infections among the urban population [see chapter 5 for more
details]); and

the impact on peri-urban agriculture, as most major cities grew
within fertile agricultural areas, with the result that expanding
cities often cover agricultural land while urban water demand can
pre-empt water previously used by farmers.

It is difficult to draw up any ‘balance sheet’ regarding the benefits
and costs of urban-based demand for water and other rural
resources. This section concentrates on the environmental costs but
urban-based demands for rural resources is also an important (and
in fact often the most important| basis for rural incomes and
livelihoods, as the rural incomes produced by urban demand form
the basis for prosperous, well-managed farms, fisheries and forests.
In discussing cities' environmental impacts there is a tendency to
forget the key role of cities in providing lower-income nations with
stronger, more robust economies.

Many urban centres face difficulties in obtaining sufficient
freshwater and this is even the case in cities where half or more of
the population is not adequately served with safe, sufficient
supplies. Many cities have outgrown their capacity to provide
adequate water supplies - as all nearby surface water sources have
been tapped and/or as groundwater resources are being drawn on
much faster than the natural rate of recharge. Acute problems may
occur during periods of low rainfall. Problems of water scarcity are
particularly serious in the many urban centres of relatively arid
areas.

Surface water sources on which cities draw are often of poor
quality - for instance, saline because of return water from irrigation,
contaminated with agricultural chemical and human and livestock
wastes, or heavily polluted by urban areas, industries or other
upstream users. Groundwater resources are also often contaminated
from wastewater discharges or from overuse resulting in saltwater
intrusion (coastal aquifers). Consequently, cities face problems in
financing the expansion of supplies to keep up with demand, as the
cheapest and most easily tapped water sources have been polluted
and drawing on newer sources implies much higher costs per unit
volume of water (Bartone et al., 1994).

Historically, Latin American cities have relied on their closest
sources of water which in most cases were freshwater streams, lakes
or springs, but many large cities such as Bogota (Colombia), Lima
(Peru) and Mexico City (Mexico) have had to invest heavily in the
construction of dams and pipelines to supplement local water supplies
with water from more remote sources (Anton, 1993). By the 1990s,
among sixty-seven urban centres in twenty-nine nations in Africa
(including most of the continent's largest cities), 58 percent were
using rivers 25 or more kilometres away, and just over half of the
urban centres that relied on rivers depended on interbasin transfers.
Comparisons between the water sources used in thirty-eight of these
urban centres in the 1970s and the 1990s found an increasing
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number relying on interbasin transfers (Showers, 2002), even though
provision for water in most of them is still very inadequate.

Nations with very limited rainfall such as Algeria have had to
make very large investments in dams and interbasin transfers. In
1962, Algeria had ten dams supplying 480 million cubic metres (Mm3)
a year, by 2002, it had forty-eight dams supplying nearly 2.8 billion
m3 a year. Despite this, most cities in Algeria suffer problems of
inadequate and irregular supplies, in part linked to much-below-
average rainfall in recent years.

The contamination of rivers, lakes, seashores and coastal waters is
an example both of the impact of city-generated wastes on the
wider region and of governments' negligence in controlling pollution
and managing surface and wastewater flows. This often leads to
serious health problems for large numbers of people whose water
supply is drawn from these water sources. In cities on or close to
coasts, untreated sewage and industrial effluents often flow into
the sea with little or no provision to pipe them far enough out to
sea to protect the beaches and inshore waters, thereby posing a
major health risk to bathers.

The possibilities for improvement vary greatly. In Europe and
North America, great improvements have been made in reducing
water pollution, mostly through stricter controls on industrial
discharges and more sophisticated and comprehensive treatment of
sewage and stormwater. In most cities in low- and middle-income
nations, the problems are not so easily addressed as they have
much more serious non-point sources of water pollution because of
the lack of sewers and drains in many city districts and peripheral
areas. Additionally, many uncollected wastes are washed into
streams, rivers and lakes.

Liquid wastes from city activities often have far-reaching
environmental impacts. It is common for river and coastal fisheries to
be damaged or destroyed by liquid effluents from city-based industries
with significant numbers of people losing their livelihood as a result.
River pollution of this sort can lead to serious health problems in
settlements downstream (see for instance CSE, 1999), and the source
may become unusable for agriculture downstream.

The most common form of disaster associated with water is flooding,
which is generally linked to storms or periods of unusually high
rainfall and, for coastal cities, exceptionally high tides and storm
surges (for more information on risk management, see chapter 11).
However, while most floods arise from natural causes, most of
the deaths, injuries and loss of property they cause in cities are the
result of inadequate attention given to flood warning, flood
preparation and post-disaster response. The ways in which cities

develop can exacerbate risk from floods - or lessen them. In well-
governed cities, flooding risks can be minimized through not only
provision and maintenance of drains but also good watershed
management (to limit the volume of flood waters and the speed
with which they build up) and land use control (for instance to limit
the exposure of soils during construction of new developments).
Many cities also use recreational water bodies, parks and other
open spaces to provide flood storage. Among high-income cities at
risk of flooding, it is now common for detailed, sophisticated flood-
risk maps to have been developed. These maps make each local
authority aware of the risk within their jurisdiction and help identify
optimum investment patterns to limit risk (see the Greater Tokyo
case study, chapter 22). However, as noted earlier, in poorly
governed cities, large population concentrations frequently develop
in locations that are known to be at high risk of flooding. To the
hazards inherent in the site are added those linked to a lack of
investment in infrastructure and services, especially drainage, and
little or no watershed management. It is also common for such
settlements to combine high densities, shelters built with flammable
materials and widespread use of open fires and kerosene
stoves/lamps which mean high risks of accidental fires with, usually,
little provision for effective firefighting and emergency treatment for
those who are burnt.

However, even with careful management, urbanization can
increase the consequences of floods. For instance, in Japan, rapid
urbanization over the last fifty years has concentrated more people
in flood-prone areas; today close to half the population and three
quarters of the property value are located within the flood-prone
areas of rivers. While flood mitigation measures have decreased the
occurrence of major rivers overflowing their banks and of
embankment failures, reducing both the severity and the area of
flood damage, the increased concentration of people and high-
value property in floodplains have increased the costs of flood
damage. Meanwhile, river basins that are being rapidly urbanized
are losing their natural water-retaining and water-retarding
functions - as can be seen again in the Tokyo case study.

The extent of the environmental changes caused by any city on its
surroundings and the size of the affected area is much influenced
by the city's size and wealth, as well as the nature of its production
base and of the resource endowments of the region around it. It is
also significantly influenced by the quality of environmental
management both within the city and in the surrounding region.

Although much of the literature on the generation and transfer
of environmental costs from cities concentrates on the surrounding
region, the demands made by larger and wealthier cities for food,
fuel and raw materials may be increasingly met by imports from
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distant ecosystems. This makes it easier to maintain high
environmental standards in the region and also to preserve forests
and water bodies. In addition, the goods whose fabrication involves
high levels of water use and dirty industrial processes and discharges
can be imported. This capacity of wealthy cities to draw on the
productivity of ‘distant elsewheres’ led to the concept of cities’
ecological footprints, which seek to calculate the land area on whose
production the inhabitants of any city depend for food, other
renewable resources and the absorption of carbon to compensate for
the carbon dioxide emitted from fossil-fuel use (Rees, 1992).

It is difficult to generalize about more effective approaches to water
management when considering all the world's cities. Clearly, there is
a very urgent need to improve and extend provision for water,
sanitation and hygiene in cities in low- and middle-income nations -
but in small towns and rural areas, as well. This includes the need
for financially sound, operationally efficient, consumer-oriented
water and sanitation agencies, regardless of whether these are
public, private (commercial or non-profit) or community-based. For
most cities, there is a need for water governance systems that
improve watershed management, lessen the ecological disruption
caused by water withdrawals and wastewater returns and that make
better use of existing water resources. One interesting example is
provided by New York City (see box 7.4). Most cities also need to
invest in disaster avoidance, as well as disaster-preparedness.
Achieving all of this generally includes a need for coordinated action
across different administrative boundaries.

Perhaps the only generalization concerning improved water
management that is valid across all the world's cities is the need for
good local governance, as the most appropriate solutions are always
site-specific. The root of the problem in low- and most middle-
income nations is that, generally, governance structures have not
developed to efficiently and equitably address these problems and
resolve the inevitable trade-offs. Good water governance implies not
only frameworks to ensure provision but also regulations (to protect
water sources and to protect and promote health) and revenue-
raising (to pay for the system's functioning, maintenance and
expansion). This involves more than just effective government
institutions but also more efficient relationships between
government and civil society (McCarney, 1996). Better water
governance means that all stakeholders' water needs are considered
and that the institutions responsible for water and wastewater
management are accountable to them.

Good water management in cities also means setting limits on
where industries can locate and developers can build, as well as on

what local water sources they can tap and what wastes they can
dispose of. A basin-wide perspective is required. This is difficult to
achieve since political or administrative boundaries were never set
to serve water basin management. In most large cities, there are
many different political divisions within the water basin, with local
governments controlled by different political parties and politicians
refusing to collaborate with their neighbours to ensure an
ecologically sound and fair regional water management system.
Another contributing factor in some nations is the retention of
powers and revenues that are needed for local governance.

In low- and many middle-income nations, there are serious
difficulties in raising the funds for the major investments needed.
Large and fast-growing cities face particularly serious problems
given a large backlog of households and businesses in need of
better provision and the continuing rapid growth of the population
and economic base. But even here, there are many examples of
local innovation showing how good-quality water provision and
management is financially feasible in low-income cities.

Inadequate city governance generally has two aspects: local
government institutions that are weak, unaccountable to citizens
and underfunded (including water and sanitation utilities with little
or no investment capacity), and higher levels of government that
are unwilling to allow local institutions sufficient resources and
revenue-raising powers. Of course, the problem is compounded by
the low incomes of hundreds of millions of urban dwellers - yet this
is not in and of itself sufficient explanation for the inadequacies. It
is common for low-income groups to be paying two to fifty times
more per litre of water than higher-income groups because low-
income groups have to purchase from vendors while higher-income
groups are being undercharged for water piped to their homes
(Hardoy et al., 2001; World Bank, 1988). In addition, there are
examples of low-income settlements with good-quality provision for
water and sanitation and full cost recovery from user charges - or
with users paying enough for the overall costs to be affordable to
existing local authorities. For the underserved urban population,
there may be insufficient funding for conventional utilities to extend
piped water and sewer connections to each home but it is possible
to greatly improve provision through community-municipal
partnerships or support for community provision. Similarly, where
provision for water and sanitation has been privatized, effective
demand in lower-income areas of cities is rarely sufficient to
motivate profit-seeking companies to extend good quality provision
for water and sanitation (although it can often support water supply
alone). Nonetheless, there are often intermediate solutions that
combine public, private and community provision in ways that
greatly improve provision and can recover most or all costs.

The inadequacies of urban governance in low- and middle-income
nations have also meant that many issues other than those directly
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New York City (NYC) has one of the largest public water
supply systems in the world, providing water to over 8 million
city residents. The water is under the public jurisdiction of
the city's Department of Environment. However, as 73 percent
of the watershed was privately owned, the NYC
Department of Environmental Protection (DEP) developed a
strategy to integrate private landowners into the planning
process. As part of this strategy, the city works with
farmers to foster understanding of how their behaviour
affects downstream water quality and to provide incentives
for implementing protection programmes (DEP, 2001).
DEP’'s current success in implementing watershed control
has relied extensively on this kind of public and private
involvement in management decisions.

NYC has developed an innovative set of economic
alternatives for protecting water quality for one of the
world's largest public water systems. The DEP's
programme includes the following six measures.

Watershed Agricultural Programme: NYC funds the
development and implementation of best management
practices for the watersheds' farmland, including the
design, implementation and subsidizing of Whole Farm
Plans that address environmental issues on a farm while
upholding farm business.

related to water and sanitation provision have been poorly
managed. Existing freshwater resources remain unprotected and are
often continuously degraded or depleted. Surface water sources are
often polluted; very few cities in Africa, Asia and Latin America have
rivers flowing through them that are not heavily contaminated, and
much the same applies to nearby lakes, estuaries and seas.
Watersheds are often degraded because of ineffective controls on
industrial and urban developments. Although most nations have the
environmental legislation in place to limit water pollution, it is rarely
enforced (Hardoy et al., 2001). It is also common for urban
expansion to take place over ecologically important areas such as
wetlands and mangroves. Meanwhile, for many large cities,
powerful industrial and commercial interests, allied to the higher-
income groups that have piped water, can appropriate freshwater
resources from other watersheds, often drawing on them from large
distances with negative consequences for the ecology and the
water users in these areas.

Land Acquisition: of the total 480,000 hectares of watershed
land, NYC has identified approximately 101,250 as especially
vital to protecting future water quality. As of 2001, NYC has

purchased more than 3,650 hectares of this land.

Watershed Regulations: a set of stricter standards passed
in 1997 regulates development and projects in the
watershed.

Environmental and Economic Partnership Programmes: NYC
has funded partnership programmes to encourage
cooperation among watershed stakeholders.

Wastewater Treatment Plant (WWTP) Upgrades: thirty-four
of the watershed's total fifty-seven WWTPs are privately
owned and operated. All have agreed to DEP-approved
upgrades. NYC has also upgraded the city-owned plants.

Protection of Kensico Reservoir: both the Catskill and
Delaware aqueducts drain into the Kensico Reservoir, which
funnels 90 percent of NYC's water supply. The DEP is
aiming to reduce the local non-point source pollution in
this reservoir.

Source: Prepared for the World Water Assessment Programme (WWAP) by V. Srinivasan,
P.-H. Gleick and C. Hunt at the Pacific Institute, 2002.

Although the need for additional international funding is often
stressed, without improved local governance, additional resources
may bring few benefits to low-income groups and little improvement
in overall water management.

Effective monitoring is critical to support an ongoing process of
improving governance and management. The WHO/UNICEF JMP has
made important quality advances, but is limited by what a global
assessment can achieve. Part of its merit is to assist member states
in the building of local monitoring capacity. There is a need for
complementary, locally-driven assessments that serve local service
providers and reveal the equity issues at the local level.

There are many innovations that show more effective approaches,
from sophisticated basin-wide water governance systems that
incorporate all stakeholders (see the Seine-Normandy case study,
chapter 19) to simple innovations in a particular squatter settlement
that cheapened water costs while greatly improving access. Some are
described below. Their relevance is more in the application of 'good
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local governance' than in their ability to be transferred to other cities.
The community toilets built in Pune (India), (see box 7.5) are
obviously not the most appropriate solution for cities where it is
possible to provide good-quality sanitation to each house or
apartment. But what does have wider relevance is the way in which
representative organizations of the urban poor and the local non-
governmental organizations (NGOs) that work with them were able to
work with local authorities in developing major improvements in
sanitation that both the users and the government could afford.
Various institutional or financial innovations can lessen the gap
between what low-income households can afford and good-quality
provision. For instance, the work of the Pakistan NGO Orangi Pilot
Project has shown how its technical support to community
organizations can produce sewers where unit costs are so reduced
that even low-income households can afford them. This is no longer
a 'pilot project’ but a twenty-year programme through which
hundreds of thousands of low-income groups have obtained good-
quality sanitation in Karachi and in other cities in Pakistan (Hasan,
2001}, (see box 7.6). This example has also demonstrated an

alternative way of expanding provision - as the agencies responsible
for water and sanitation provide the citywide water mains, trunk
sewers and storm drains into which community organizations
manage the installation of the piped service to each household.

For cities and smaller urban centres within low-income nations with
less possibility of good governance, perhaps the most that can be
hoped for in the more deprived neighbourhoods is regular, reasonably
priced, protected water supplies available to each home or yard where
possible, through enough well-maintained public standpipes to ensure
that there are not excessive queues and long distances to carry water.
In addition, one can hope for either household or community
investment in good-quality toilets or (where densities are high and
many people rent) good-quality, accessible public toilets (as in box 7.5).
If the most appropriate local solution for improved sanitation is pit
latrines, this in turn requires better provision for emptying them; box 7.7
gives an example of a technology to support this. It is also possible to
install one of the lower-cost technologies initially and upgrade it as the
households' capacity to pay for and desire more convenient systems
increases (Kalbermatten et al., 1980).

Two fifths of Pune's 2.8 million inhabitants live in over 500
slums. Although various local government bodies are meant
to provide and maintain public toilets in these settlements,
provision is insufficient. The quality of toilet construction was
often poor and the design inappropriate, with limited water
supplies and no access to drainage. The toilets frequently
went uncleaned and fell into disuse, the space around them
used for open defecation and garbage dumping.

In 1999, Pune's Municipal Commissioner sought to
improve the situation by inviting NGOs to make bids for
toilet construction and maintenance. One NGO, the Society
for the Promotion of Area Resource Centres (SPARC), had
a long partnership with the National Slum Dwellers
Federation and Mahila Milan and became a principal
contractor. This alliance designed and costed the project,
the city provided the capital costs and the communities
developed the capacity for management and maintenance.
A total of 114 toilet blocks were built, including 2,000
adult and 500 children's seats.

In many places, the inhabitants were involved in the
design and construction of these toilets. Some women
community leaders took on contracts and managed the

whole construction process, supported by engineers and
architects from SPARC. Unlike the previous models, they were
bright and well-ventilated, with better-quality construction
(which also made cleaning and maintenance easier). They
had large storage tanks to ensure there was enough water
for users to wash after defecation and to keep the toilets
clean. Each toilet block had separate entrances and facilities
for men and women. A block of specially designed children's
toilets was included and in many blocks there were also
toilets designed for easier use by the elderly and the
disabled. Running costs were lower thanks to the inclusion of
a room where the caretakers and their families could live.
Even with these innovations, the cost of the toilet blocks was
5 percent less than the municipal corporation’s costing.

This programme was also noteworthy in its transparency
and accountability, with constant communication between
government and community, weekly stakeholder meetings,
and all aspects of costing and financing made public, thus
curbing petty corruption. Similar programmes are now being
developed in other cities.

Source: Information draws on Patel and Mitlin, 2001; Burra, 2000; SPARC, 2001.
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Given the wide array of technologies, and the community-wide

impacts of unhealthy water and sanitation systems, community
involvement is important in deciding on the most appropriate

technologies when truly ‘safe’ options are unaffordable. Given weak

and underfinanced utilities and local governments, community

involvement can also be important in determining how the chosen

systems are to be financed, developed and maintained.

For most cities, the upgrading of programmes has particular
importance for water and sanitation for two reasons:

it has been the primary means by which governments and
international agencies have improved provision for water,
sanitation and drainage within low-income urban settlements
over the last thirty years; and

The Orangi Pilot Project (OPP) was initiated in 1980, by a
renowned social scientist. At that time, the squatter
settlement of Orangi had no access to sanitation. A majority
of the residents used bucket latrines emptied by a scavenger
every four or five days. Wealthier households constructed
soakpits; but these filled up after a few years and did not
solve the wastewater problem. In the absence of an
underground sewer system, open sewers crisscrossed the
lanes. The infant mortality rate was high at 137 deaths per
1,000 live births.

Research by the OPP team revealed that the
connection fee charged by the Karachi Water and
Sewerage Board was extravagantly overpriced and that this
cost could be much reduced, all the while providing
technical assistance to the residents.

For each lane, the process involved overcoming the
psychological and economic concerns of the residents,

organizing them into lane organizations, providing technical
surveys and labour and cost estimates. The residents would

select a lane manager who would formally ask the OPP for
assistance, collect the money and hold meetings. The OPP
supervised the process but at no time handled the
residents’ money.

By the year 2000, about 98 percent of Orangi homes
had in-house latrines. The entire construction was
financed, supervised and constructed by the local
population with no external subsidies.

The OPP programmes have also strengthened the
position of women in Orangi society and their participation
in community affairs. Infant mortality has dropped to 37
per 1,000 live births - far faster that the rest of Karachi.
Because less money is spent on medical treatment, income

is more available for other uses.

The residents of Orangi were legal landowners with an
incentive to invest their own time and money on building a
sewer system, a situation not commonly found in squatter
settlements. Also, the natural slope of Orangi, which made
it possible to dispense with secondary sewer lanes to a
large extent, would not have been possible in flat terrain.
However, the successful replication to over 35,000 homes
elsewhere in Pakistan where there was no natural slope
has shown that these issues are not insurmountable.

Because the community organizations and lane
associations often do not survive once the construction is
complete, long-term maintenance of the system can be a
problem. Recently there has been a trend towards the
formation of ‘community-based organizations' to address
this issue.

The one-lane-at-a-time, open-ended, exploratory
philosophy adopted by OPP has been criticized by some
development agencies as lacking a master plan. However,
the Orangi model has actually achieved better results in
slum areas than conventional target-oriented approaches.
Also, the overall project was developed according to a
master plan. As early as 1983, the OPP had prepared
Circle Handbooks, identifying the secondary sewers
required, the disposal points and the slope of the land.

To avoid reliance on outside entities, the OPP has
preferred component-sharing rather than cost-sharing, and
donor funding or government subsidies have been
accepted only for construction of trunk sewers.

Source: Prepared for the World Water Assessment Programme (WWAP) by V. Srinivasan;
P.-H. Gleick; C. Hunt at the Pacific Institute, 2002.
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it recognizes the rights of the inhabitants of the area being
upgraded to have basic infrastructure and services, even though
they may have occupied or developed the land illegally.

While many upgrading programmes have had limitations, e.g.
inadequacies in the improvements to water and sanitation and the
failure to ensure adequate provision for maintenance, a new
generation of upgrading programmes has sought to address these
(see for instance, Stein, 2001; Fiori et al., 2000). Perhaps more to
the point, there is a recognition of the need to shift from support
for upgrading projects to developing the institutional capacity of
city and municipal authorities This would allow them to work
continuously with the inhabitants of low-income settlements to help
upgrade the quality and extent of infrastructure and service
provision. Community-supported upgrading programmes provide
perhaps the most important means to meet the Millennium
Development Goals.

Many nations have developed innovative ways of increasing the
possibilities for low-income households to buy or build their own
new homes, which in turn provide for better water, sanitation and
drainage. Support for low-income groups' savings schemes and for
their acquisition of land with infrastructure on which they can
construct their own homes is an important part of improving
provision for water and sanitation. This is demonstrated by the large

number of low-income households that have acquired better-quality
housing through community-managed schemes in India (within the
National Slum Dwellers Federation and Mahila Milan) (Patel and
Mitlin, 2001), South Africa (within the Homeless People's
Federation), (Baumann et al., 2001} and Thailand (with the support
of the former Urban Community Development Office, now the
Community Organizations Development Institute), (UCDO, 2000).
This is an approach that has to be ‘demand-driven’ for low-
income households; many government schemes to provide low-
income households with ‘sites and services' on which they can build
have been 'supply-driven with the result that new sites were in the
wrong location or were too expensive for low-income households.

Demand-side water management can be defined as the
implementation of policies or measures that serve to control or
influence the consumption or waste of water. The benefits from
demand-side management include:

reduced water consumption;

a more cost-effective means of meeting demand, wholly or in
part, compared with investment in new resources;

In recent years, the problems associated with the disposal of
human waste have escalated with the growth of unplanned
settlements in low- and middle-income countries. In these
settlements, there are often more than 100 persons to each
pit latrine. Although the latrines are now generally
constructed of modern materials, the problem of renewing
them when they become full has proved a difficult challenge.
Often the settlements have no road access for disposal
tankers to use so a novel solution is needed. UN-Habitat has
been developing the prototype technology that can empty
latrines. This technology, ‘Vacutug', is being constructed in
association with a private-sector engineering company and a
Kenyan water NGO. The micro-enterprise earned over
US$10,000 over a two-year period and employed four people.

UN-Habitat has now launched the second phase of the
project to expand operations and assess the technology in a
number of different conditions in different countries. The
Vacutug is seen as a simple but very effective solution and
is currently supported by the governments of the United
Kingdom, Ireland and Denmark. The programme is shortly to
be extended to many other cities on a partnership basis and
presents an ideal opportunity to greatly improve health
aspects related to excreta disposal while at the same time
generating much-needed income for the urban poor.

Source: Prepared for the World Water Assessment Programme (WWAP) by G.P. Alabaster,
UN-Habitat (for more details, contact graham.alabaster@unhabitat.org).
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protection of the environment by making the best use of existing
water resources and minimizing wastewater discharges; and

the responsibility for implementing demand management can be
spread between the utility and its users, as benefits will be felt
by both.

Demand-side management options for influencing water demand are
the following:

reducing and controlling leakage from the utility's mains
networks;

encouraging industrial and commercial users to reduce their
dependency on potable water supplies by increasing the level of
recycling and implementing waste minimization strategies;

encouraging domestic users to reduce their usage;
recycling of rainwater by users;

recycling of domestic washwater (grey water systems) by users;
and

volumetric charging by revenue metering of users.

It should be noted that simple and economic demand-side
management techniques that can be implemented by domestic users
and that do not drastically change their normal water habits, are
more likely to be implemented and maintained than schemes that
would require a significant capital or time expenditure. Several of
the more common measures are:

inserting a brick or similar object in a toilet cistern as a simple
way of reducing the volume of water used to flush a toilet;

recycling rainwater to reduce dependence on treated water
supplies, and to use for watering gardens or other non-potable
domestic purposes. This can be achieved at little or no expense
to the user through the use of appropriate water storage
facilities; and

installing grey water systems, which involve recycling of bath and

shower water for toilet flushing, systems which are starting to be

considered in western Europe and North America. Although this is
an ideal solution, it may take some time to filter into common use
due to the cost and inconvenience of having a fitted system.

Revenue metering, particularly when combined with a punitive tariff
structure that penalizes consumption above the basic needs level
can have a large impact on consumption, although the reading and
maintenance of the meters places a burden on the utility provider.

Educating all users in the benefits of demand-side management
will increase the likelihood of success for any demand management
scheme. The utility may find greater support by recognizing that
careful water usage will reduce consumption and personal water
costs, and make available water to meet demand elsewhere.

One of the critical shifts in better water governance is that from
supply-side alone to a mix of supply-side and demand-side
approaches. For example, supply-side investments in new water
supplies can be undertaken in parallel with more cost-effective
investment to achieve demand-side water savings, thus offering a
‘least cost’ approach to meeting water demand. The form of this
shift will vary considerably, depending on local context, as illustrated
by table 7.4, and depends on the existing service level.

Water utilities have been criticized for taking a 'supply-fix’
approach by assuming that increasing demands have to be met by
increasing supplies. Advocates of demand-side management argue
that by increasing end-use efficiency and reducing waste, these
demands could be met, wholly or in part, from the water saved.

Demand-side management in low-income cities should not only
focus on water conservation but should also give attention to two
issues: securing better access to water for the urban poor; and
promoting hygiene.

In informal settlements and other areas with low average per-
capita incomes, many households do not consume sufficient water
to meet their basic needs for health. It is important to prevent
conservation-oriented measures from further reducing the water
consumption of deprived households. This could mean that a
punitive tariff structure should consider setting the 'basic needs'
tariff at a level affordable by very poor households with significantly
higher tariffs imposed for consumption above the basic needs level.

In conditions of poverty, it is important that demand-side
management recognizes that improved health is one of the major
benefits water can provide, but that the health outcome depends
upon how the water is used. Users often lack a relevant knowledge
of hygiene, and it is therefore important for demand-side
management to focus on reducing unnecessary water consumption
in low-income settlements.

It is also important to consider the role of utilities. Although the
initial successes of demand-side management relied on certain
regulatory or economic restraints, this is no longer the case. In the
absence of restraints, commercially-oriented utilities that get their
revenue from selling water will favour higher prices: there is, in
effect, no reason to assume that utilities have the economic
incentive to engage in demand-side management.
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Table 7.4: Comparison of different approaches to demand-side water management in the household sector

Guiding concern

Key insight

Contributory
factors

Demand-side
consequences

Recommendation

The conservation
argument

Water stress is a growing
problem in most parts of the
world, due to excessive
water consumption.

There are numerous
unexploited opportunities for
saving water without reducing
the services water provides.
Householders using piped
water often cannot tell how
much of their water is going
to which purposes, are not
aware when they are wasting
water, and do not have the
means of judging water-
conserving technologies.

Users are unaware and
unconcerned about water
conservation, and there is
unnecessary water wastage.

Conservation education and
promotion should become an
integral part of piped water
provision.

The hygiene
argument

Water-related diseases still
constitute a large share of
the global burden of disease.

Achieving health depends on
how water is used as well as
how much water (of adequate
quality) is provided.
Householders cannot discern
the health consequences of
their water use practices,

and often rely on social norms
which, especially in crowded
and generally hazardous living
environments, may be
unhealthy.

Users often fail to adopt safe
water practices, and do not
achieve the potential health
benefits even when they
receive piped water.

Hygiene education and
promotion should become

an integral part of water
provision.

The marginal cost pricing
argument!

Water is a scarce commodity,
with an economic value in
numerous alternative uses.

Piped water is typically priced
well below its (marginal)
economic value.

Water is often treated as a
social good, with provision
organized as a non-commercial
enterprise. Even commercial
providers rarely bear the full
(marginal) costs of water
withdrawal and in any case do
not operate in a competitive
market.

Consumers overuse water,
either leading to resource
problems and/or depriving
others of valuable water.

Piped water pricing should be
based on long-run marginal
costs, giving users the incentive
to manage their own demand
efficiently.

The community action
argument

Adequate water is a basic need,
without which people cannot live
healthy and fulfilling lives.

Disorganized (poor) communities
are at a disadvantage in both
addressing their own water needs
and negotiating with outsiders.
Water utilities are not responsive
to the needs and demands of
low-income communities,
especially if they are located in
informal settlements. Local
organization is often suppressed
for political reasons.

Residents receive inappropriate

or inadequate water services, or
must rely on informal and often
costly and inadequate water
sources.

Poor communities should mabilize
(or be mobilized) around local
water issues, and providers should
be responsive to community as
well as individual demands.

1. This column concentrates on the economic arguments for marginal cost pricing, and ignores the economic arguments more specific to low-income communities.

The limited water management capacity in many cities may
mean that adding new management burdens is counterproductive.

As such, forms of demand-side management that also ease overall
management burdens are far more likely to be successful than
initiatives that give greater responsibilities to already struggling
utilities and government agencies.

importance of these different goals, and the appropriate strategies
for pursuing them, is very context dependent.

There is a danger that, rather than creating a more integrated
form of water management, as most proponents hope, demand-side
management will accentuate conflicts between ecological and
human health and welfare goals. It is one thing to recognize that
water is often wasted even in poor areas (leakage in particular is
often a serious problem); it is quite another to treat water resource
abuse as the defining environmental problem in areas where water-
related health problems are pervasive.

Thus, there is a case for a form of demand-side water
management that actively serves both conservation and
environmental health/welfare goals, recognizing that the relative

A significant proportion of those living without proper water supply
and sanitation are urban dwellers, mainly in the peri-urban areas.
They are forced to draw on water sources that are unsafe, unreliable
and often difficult to access. For sanitation, they have poor quality
latrines - often shared with so many others that access and latrine
cleanliness is difficult - or they have no provision for sanitation.
Virtually all urban dwellers with inadequate provision live in the low-
and middle-income nations of Africa, Asia and Latin America and the
Caribbean. Inadequacies in the provision of water, sanitation and
hygiene bring an enormous health burden: half the urban
population in Africa, Asia and Latin America suffer one or more of
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the diseases associated with inadequate water and sanitation, and
among the urban population of low-income countries, one child in
six dies before the age of five.

The numbers alone are striking, but when added to current
projections of a world urban population set to reach 80 percent by
2030, they become thoroughly frightening. Efforts are being made
to provide better water and sanitation services to the world's cities,
but much remains to be done. There is a clear need to broaden and
deepen the coverage of global assessments of the quality of
provision for water, sanitation and hygiene in urban areas so they
show the proportion of people with ‘safe’, ‘sufficient’ and
‘convenient’ as well as ‘improved’ provision. If the ultimate goal
remains to improve such provision, what is needed are not only
surveys based on representative samples of rural and urban

Progress since Rio at a glance

populations, but also site-specific information, which documents the
deficiencies and can be used by water and sanitation providers to
plan improvements or by local residents to articulate their demands.

There is an equally urgent need to limit the extent to which
uncontrolled urban development impacts on the surrounding areas,
and to implement more effective infrastructure and water
governance systems. A shift from supply-side only to a mix of
supply- and demand-side initiatives could provide a more cost-
effective solution in many settlements.

The situation is becoming increasingly serious, as urban
populations continue to grow throughout the world: action must be
taken now in order to provide the world's urban populations,
especially the poor, with the safe, clean, accessible water and
sanitation that is their right.
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This database, part of the European Commission's site, is designed to help authorities work towards sustainable urban management
through the dissemination of good practice and policy.

Society for the Promotion of Area Resource Centres (SPARC)
http://www.sparcindia.org/
A non-governmental organization devoted to working with the urban poor. The site provides information on projects, news events,
publications and related links, including information on the National Slum Dwellers Federation (NSDF).

United Nations Development Programme (UNDP), Public-Private Partnerships for the Urban Environment (PPUE)
http://www.undp.org/ppp/
The PPUE supports the development of public-private partnerships at the local level in order to ensure more sustainable urban
management practices. The aim is to facilitate meeting the challenges faced by cities in providing basic services to populations.

UN-Habitat: Global Urban Observatory
http://www.unchs.org/programmes/guo
Part of the UN-Habitat site, this section provides policy-oriented urban indicators, statistics and other information on global urban
conditions and trends.

World Bank, Urban Development
http://www.worldbank.org/urban/
A site committed to promoting sustainable cities by improving the lives of the poor. This department of the World Bank provides inter alia
information on a variety of aspects of urban management.

World Health Organization (WHO), Healthy Cities and Urban Governance
http://www.who.dk/eprise/main/WHO/Progs/HCP/Home
This site provides information on health issues in urban areas, as well as ideas on making cities healthier, news events from around the
world and links to related sites.

* These sites were last accessed on 3 January 2003.
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Mahatma Gandhi

00D AND AGRICULTURE are by far the largest consumers of water.

They require perhaps one hundred times more than we use to

meet basic personal needs, with up to 70 percent of the water
we take from rivers and groundwater going into irrigation. Global food
production has kept pace with population growth in recent decades; yet
nearly 800 million people remain undernourished, and the population
shift from rural to urban environments will certainly increase the
pressures and problems associated with food security. A growing
population will need more food and thus more water. What is the status
of food production in the world? How can it be made more efficient
without compromising the environment? What are the contributions
from rainfed and irrigated agriculture and from fisheries? What role
does the market play? What is the connection between food security
and poverty? These questions have answers. Less certain, however, is
whether we shall rise to the challenge of feeding the world’s hungry by
being more efficient and productive in our use of water while still

respecting the resource base and demands from competing sectors.
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INCE THE 1960S, THE WORLD FOOD SYSTEM has responded to a doubling of the world population, providing more
food per capita at progressively lower prices. Global nutrition has consistently improved. This performance was

possible through a combination of high-yielding seeds, irrigation, plant nutrition and pest control. In the process,

large quantities of water were appropriated for agriculture. As population keeps increasing, albeit at a slower rate, more

food and livestock feed will need to be produced in the future and more water applied for this purpose. Water

withdrawals for irrigation in developing countries are expected to increase by an aggregated 14 percent until 2030, while

irrigation water use efficiency is expected to improve by an average 4 percent. Water scarcity stress is foreseen to grow

locally and in some cases regionally and a number of countries will have to rely more on trade for their food security.

While food production is satisfying market demand at historically low
prices, an estimated 777 million people in developing countries do
not have access to sufficient and adequate food because they do
not have the resources to buy it or, in the case of subsistence
farmers, to produce it. In spite of the overall improvement in the
nutritional situation, the absolute number of undernourished people
is reducing at @ much slower rate than has been anticipated. The
1996 World Food Summit (see box 8.1) set a target of reducing the
number of chronically hungry people to about 400 million, but
current projections indicate that this figure may not be achieved
until fifteen years later than targeted, i.e. by 2030, unless decisive
policy and financial action is taken (see figure 8.7 further on).

Irrigated agriculture will by necessity claim large quantities of
water to produce the food required to feed the world. Irrigation
water management has a long way to go to adapt to the new
production requirements and reconcile competing claims from other
economic sectors and calls for environmental protection. However,
water-saving technologies are available and can significantly reduce
the waste of water. In addition, the political, legal and institutional
framework to support improved water productivity in irrigated
agriculture also shows signs of adaptation. Water management
trends point to empowering stakeholders, with a priority for the
poor and the marginalized. At the same time, the water needs for
human health and for the aquatic environment call for closer
attention. Overall, the message from agriculture, which will remain
globally the largest water user, is cautiously optimistic.

At the start of the twenty-first century, agriculture is using a
global average of 70 percent of all water withdrawals from rivers,
lakes and aquifers. The Food and Agriculture Organization (FAO)
anticipates a net expansion of irrigated land of some 45 million
hectares in ninety-three developing countries (to a total of
242 million hectares in 2030) and projects that agricultural water
withdrawals will increase by some 14 percent from 2000 to 2030 to
meet future food production needs. The analysis indicates a
projected annual growth rate of 0.6 percent, compared with the
1.9 percent observed in the period from 1963 to 1999.

Only a part of agricultural water withdrawals are effectively used
in the production of food or other agricultural commodities; a large

There is a trend towards recognizing access to food as a
human right, as highlighted in the 1948 Universal
Declaration of Human Rights, the 1966 International
Covenant on Economic, Social and Cultural Rights and,
with regard to armed conflicts, the 1977 Protocols to the
1949 Geneva Convention. While the right to food as
humanitarian aid in the case of disaster or war is generally
accepted, there is growing agreement that no nation has
the right to starve its people. However, few governments
are prepared, or have the capacity, to secure access to
food for poor and undernourished citizens. As stated in
1999 by Mary Robinson, former United Nations High
Commissioner for Human Rights, ‘few economic rights are
violated on such a scale as food and nutrition rights'.

At the 1996 World Food Summit, some argued that
increased trade, achieved by cutting the global market free
from government interventions, would result in greater
food security, while others reasoned that food is a basic
human right which national governments, not the global
market, have a primary responsibility to make accessible.
The following statement was included in the Rome
Declaration on World Food Security:

We pledge our political will and our common and
national commitment to achieving food security for
all and to an ongoing effort to eradicate hunger in
all countries, with an immediate view to reducing
the number of undernourished people to half their
present level no later than 2015.
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proportion of water may not reach the crop plants because it
evaporates or infiltrates during conduction, evaporates from the soil in
the field, or is used by non-productive growth such as weeds.
Irrespective of the actual outcomes, it is important to highlight the fact
that water allocations for agriculture will face increasing competition
from other higher utility uses - municipal, industrial uses and calls for
water to be left in the environment. Under these circumstances it is
crucial that the role of water in securing food be understood and the
potential for improving overall agricultural productivity with respect to
water be fully realized.

In this section, the facts about past, present and future water demand
in food production and food security are discussed. Information has been
collected at the national level - much of this obtained through the Internet.
For the purpose of discussion, three groups of countries are identified:
developing countries, industrialized countries and countries in transition.
Developing countries call for special attention because demographic growth
rates are high and the potential demand for food is not vet satisfied. The
countries are organized in regional groupings, that is: sub-Saharan Africa,
Near East/North Africa, Latin America and the Caribbean, south Asia and
east Asia. It should always be kept in mind that aggregate and average
figures tend to hide as much as or more than they reveal. Water problems
are always local or, at most, regional in nature, and may vary over time.
Countries with large territories also have a large diversity of situations,
including arid and humid regions and plains as well as mountains.

This section is largely based on FAQ's technical report World
Agriculture: Towards 2015/2030, the most recent edition of FAQ's
periodic assessments of likely future developments in world food,
nutrition and agriculture. The report provides information on a global
basis, with more detailed emphasis on ninety-three developing countries.

Figure 8.1: Food prices and investment in irrigation and drainage

The section also relies extensively on the data, information and
knowledge provided by FAOSTAT, the FAO statistical database, and
AQUASTAT, FAQ's information system on water and agriculture. The
contribution of the International Water Management Institute (IWMI) in
the preparation of this section is acknowledged with thanks. National
values of key indicators in 251 countries are presented in table 8.1. The
significance of each indicator is highlighted in the relevant part of the
discussion by reference to this table.

Between the early 1960s and the late 1990s, while world population
almost doubled, the productive potential of global agriculture met the
growth of effective demand. Figure 8.1 shows that total investment in
irrigation and drainage tended to correspond to food prices. But even
with the observed decline in food prices, the nutritional status of the
world's population continued to improve. Clearly, some of the early
investment in agriculture paid off and productivity gains were being
made. Irrigation played an important role in ensuring the needed growth
in food production. Today, as the food production issue becomes less
critical, concern arises over future large-scale irrigation in terms of its
overall performance and the political and institutional viability of
transferring the management of public irrigation schemes to users. The
significance of non-structural irrigation and water management reform
will grow as world agriculture in general becomes more responsive to
demand. These issues are taken up later in the chapter.

Index Million US$
(1961=100)
200 3,000 Food price (indexed)
Food per capita (indexed)
180 Lending for irrigati
| 2500 ing for irrigation
160 ' and drainage (million US$)
140 - 2,000
120 A
100 \\//\/‘L‘/ < - 1,500
80
L 1,000
60
40 This figure shows that total investment in irrigation and drainage tends
- 500 to correspond with food prices. Lending does not include lending by
20 commercial banks to private farmers; it only includes lending by the
0 1 ) ) ) ) ) ) ) ) World Bank.

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Source: Thompson, 2001.




Table 8.1: National values of key indicators in securing the food supply

Country

Afghanistan

Albania

Algeria

Angola

Antigua and Barbuda
Argentina

Armenia

Aruba

Australia

Austria

Azerbaijan

Bahamas

Bahrain

Bangladesh
Barbados

Belarus

Belgium — Luxembourg
Belize

Benin

Bhutan

Bolivia

Bosnia and Herzegovina
Botswana

Brazil

Brunei Darussalam
Bulgaria

Burkina Faso
Burundi

Cambodia

Cameroon

Canada

Cape Verde

Central African Republic
Chad

Chile

China

Number of
people
undernourished
1990-92
(millions)

9.3
05
1.3
6.0
0.7

19.3

0.2
28
28
43
34

1.4
35
1.1
1926

Proportion of

Number of undernourished
people in total
undernourished population
1997-99 1990-92
(millions) (%)’
12.1 64
0.3 14
1.7 5
6.3 61
0.4 0
1.3 -
- 0
- 0
29 -
44.1 35
0.1 -
= 0
0.9 19
1.7 25
0.2 -
0.3 17
15.9 13
= 0
0.9 3
26 31
41 48
46 43
36 29
= 0
1.5 46
25 58
0.6 8
116.3 16

Proportion of
undernourished
in total
population
(%)

58
10
6
51
0
35

Cultivated land
area in 1998
{1,000 ha)’

8,054
699
8,174
3,500
8
27,200
560

2
53,786
1.479
1,972
10

6
8,332
17
6,311
832

89
1,850
160
2,203
650
346
65,200
7
4,511
3,450
1100
3,807
7160
45,700
4
2,020
3,550
2,294
135,365

Irrigated land
area in 1998
(1,000 ha)’

2,386
340
560

75
0

1,561

287
0
2,365

1,455

3,850

115
40

12
40
128

2,870

800
25
74

270
33

720

20
1,800
52,878

Agricultural

water
withdrawal
as %
Irrigated land  Agricultural water Total renewable of total
as % withdrawal ~ water resources  renewable
of cultivated in 1998 (km‘*/year)3 water resources
land in 1998 (km®/year) in 1998
30 22.84 65.00 35
49 1.00 41.70 2
7 3.94 14.49 27
2 0.21 184.00 0.1
- 0.001 0.05 2
6 21.52 814.00 3
51 1.94 10.53 18
4 6.70 492.00 1
0.3 0.02 71.70 0.03
74 11.65 30.28 38
- - 0.02 -
83 0.17 0.12 147
46 70.20 1,210.64 6
6 0.02 0.08 23
2 0.84 58.00 1
5 0.1 21.40 05
3 0.0002 18.56 0.001
1 0.19 24.80 1
25 0.40 95.00 0.4
6 1.12 622.53 0.2
0.3 - 37.50 -
0.3 0.06 14.40 0.4
4 36.12 8,233.00 0.4
14 - 8.50 -
18 197 21.30 9
1 0.69 12.50 5
7 0.19 3.60 5
7 400 476.11 1
05 0.73 285.50 0.3
2 5.41 2,902.00 0.2
7 0.02 0.30 8
- 0.001 144.40 0.001
1 0.19 43.00 0.4
78 797 922.00 1
39 414.76 2,896.00 14




Table 8.1: continued
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Country

Colombia
Comoros

Congo, Dem. Republic of
Congo, Republic of
Costa Rica

Cote d'lvoire
Croatia

Cuba

Cyprus

Czech Republic
Denmark

Djibouti

Dominica
Dominican Republic
East Timor
Ecuador

Egypt

El Salvador
Equatorial Guinea
Eritrea

Estonia

Ethiopia

Fiji Islands

Finland

France

French Guiana
French Polynesia
Gabon

Gambia

Gaza Strip (Palestine)
Georgia

Germany

Ghana

Greece

Greenland
Grenada

Proportion of
Number of Number of undernourished
people people in total
undernourished  undernourished population
1990-92 1997-99 1990-92
(millions) (millions) (%) !
6.1 5.3 17
137 31.0 35
0.8 0.9 35
0.2 0.2 6
25 24 19
= 0.7 =
0.5 1.9 5
= = 0
- 0.1 -
- - 0
19 20 27
0.9 0.6 8
26 24
0.6 0.7 12
— 20 —
= 0.1 -
- 29.6 -
- - 0
= = 0
0.1 0.1 "
0.2 0.2 19
= 1.0 =
- - 0
54 2.1 35
- - 0

Proportion of
undernourished
in total
population
(%) !

13
64
32

5
16
15
17

Cultivated land
area in 1998
(1,000 ha)?

4115
118
7,880
218
505
7,350
1,587
4,465
144
3,337
2374
1

15
1,550
80
3,001
3,300
810
230
500
1,135
10,650
285
2,170
19,517
13

21
495
200
25
1,062
12,107
5,300
3,882

"

Irrigated land
area in 1998
(1,000 ha)?

850
0

"

1
105
73
3
870
40
24
460

265
865
3,300
38

22
190
64
2,000
15

12
470
485

"
1,422

Agricultural
water
withdrawal
as %
Irrigated land  Agricultural water Total renewable of total
as % withdrawal  water resources  renewable
of cultivated in 1998 (km3/year®  water resources
land in 1998 (km?3/year) in 1998
21 492 2.132.00 0.2
- - 1.20 -
0.1 0.11 1,283.00 0.01
0.5 0.004 832.00 0.0005
21 1.39 112.40 1
1 0.60 81.00 1
0.2 - 105.50 -
19 5.64 38.12 15
28 017 0.78 22
1 0.06 13.15 0.4
19 0.55 6.00 9
100 0.007 0.30 2
— 0 — —
17 2.16 21.00 10
29 13.96 432.00
100 54.00 58.30 93
5 0.72 25.25 3
- 0.001 26.00 0.004
0.30 6.30 5
0.4 0.008 12.81 0.1
2 2.47 110.00 2
1 0.05 28.55 0.2
3 0.066 110.00 0.1
10 3.56 203.70 2
15 - - -
3 0.05 164.00 0.03
1 0.02 8.00 0.3
48 - 0.06 -
44 213 63.33
4 9.31 154.00 6
02 0.25 53.20 05

37 6.12 74.25 8




Table 8.1: continued

Guadeloupe
Guam

Guatemala
Guinea
Guinea-Bissau
Guyana

Haiti

Honduras
Hungary

Iceland

India

Indonesia

Iran, Islamic Rep. of
Iraq

Ireland

Israel

[taly

Jamaica

Japan

Jordan
Kazakhstan

Kenya

Korea, Dem. People’s Rep.
Korea, Republic of
Kuwait
Kyrgyzstan

Lao, PDR

Latvia

Lebanon

Lesotho

Liberia

Libyan Arab Jamahiriya
Lithuania

Macedonia, The Fmr. Yug. Rep.

Madagascar
Malawi
Malaysia
Maldives
Mali

Malta
Martinique
Mauritania
Mauritius
Mexico

13
26

0.1
4.5
1.1
0.0

2146
16.7
2.7
1.2

03

0.1

115
34
08
0.5

1.2

0.1
05
0.8
0.0

43
48
0.6

22

03

0.1
43

23
27

0.1
45
1.3
0.1

2253
12.0
815
3.0

0.2

0.2
1.7
13.4
8.8
0.7
0.1
05
1.4
0.1
0.1
05
1.0
0.0
0.1
0.1
6.1
38
0.4

3.0

0.3

0.1
5.0

W o NOOoO O N B o

22
34

N N g —
wWw o o — o

— 01l O 0 O o o &~ g O™

BN N = B b5 =
g W o N OO P~ 0OoO PO o o

26

12
1,905
1,485
350
496
910
1,875
5,045
7
169,650
30,987
18,803
5,540
1,088
440
11,137
274
4,905
384
30,135
4,520
2,000
1,910
7
1,428
940
1.871
308
325
390
2,150
3,004
635
3,108
2,000
7,605

4,650

23

500
106
27,300

130
95
17

150
75
76

210

57,000
4,815
7,562
3,525

199
2,698
25
2,679
75
2,332
67
1,460
1,159

1,072
168
20
120

470

55
1,090
28
365

138

49

20
6,500

1.61
1.36
0.10
1.60
0.93
0.66
2.45
0.0002
580.81
75.60
66.78
39.38
0.0002
1.31
20.00
0.20
56.03
0.76
28.41
1.01
4.96
8.99
0.20
9.45
2.59
0.04
1.06
0.01
0.06
5.13
0.02

14.31
0.81
5.60

6.87
0.01

1.50
0.37
60.34

11.27
226.00
31.00
241.00
14.03
95.93
104.00
170.00
1,896.66
2,838.00
137.51
75.42
52.00
1.67
191.30
9.40
430.00
0.88
109.61
30.20
77.14
69.70
0.02
20.58
333.55
35.45
4.4
3.02
232.00
0.60
24.90
6.40
337.00
17.28
580.00
0.03
100.00
0.05
11.40
2.2
457.22

.0001

13
1,000
46

0.1
24
03
0.03
854

~N o - o &

28

17
13
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Table 8.1: continued
Agricultural
water
Proportion of withdrawal
Number of Number of undernourished  Proportion of as %
people people in total undernourished  Cultivated land  Irrigated land Irrigated land  Agricultural water Total renewable of total
undernourished undernourished population in total area in 1998 area in 1998 as % withdrawal ~ water resources  renewable
1990-92 1997-99 1990-92 population (1,000 ha) 2 (1,000 ha) 2 of cultivated in 1998 (km/year) > water resources
Country (millions) (millions) (%) ! (%) ! land in 1998 (km/year) in 1998
Moldova, Republic of - 0.4 - 10 2,182 307 14 0.76 11.65 7
Mongolia 0.8 1.0 34 42 1,322 84 6 0.23 34.80 1
Morocco 1.4 18 5 6 9,976 1,291 13 11.36 29.00 39
Mozambique 9.6 95 69 54 3,350 107 3 0.55 216.11 0.3
Myanmar 39 32 9 7 10,143 1,692 17 27.86 1045.60 3
Namibia 0.4 0.6 30 33 820 7 1 0.17 17.94 1
Nepal 3B 5.0 19 23 2,968 1,135 38 9.82 210.20 5
Netherlands - - 0 0 941 565 60 2.69 91.00 3
New Caledonia = = = = 13 0 = = = =
New Zealand - - 0 0 3,280 285 9 0.89 327.00 0.3
Nicaragua 1.2 1.4 30 29 2,746 88 B 1.08 196.69
Niger 33 42 42 41 5,000 66 1 2.08 33.65 6
Nigeria 12.0 76 14 7 30,738 233 1 5.51 286.20 2
Norway - - - - 903 127 14 0.23 382.00 0.1
Oman = = = = 77 62 81 1.23 0.99 125
Pakistan 265 244 24 18 21,970 18,000 82 161.84 418.27 39
Panama 0.5 0.4 19 16 655 35 5 0.23 147.98 0.2
Papua New Guinea 09 1.2 24 26 670 0 - 0.001 801.00 0.0001
Paraguay 0.8 0.7 18 13 2,285 67 3 0.35 336.00 0.1
Peru 8.9 3.1 4 13 4,170 1,195 29 16.42 1,913.00 1
Philippines 16.0 17.2 26 24 10,000 1,550 16 21.10 479.00 4
Poland 0.3 0.3 0 0 14,379 100 1 1.35 61.60 2
Portugal - - 0 0 2,620 650 25 3.60 68.70 5
Puerto Rico - - - - 81 40 49 - 3.40 -
Qatar - - - - 21 13 62 0.21 0.05 398
Reunion - - - - 38 12 32 - 5.00 -
Romania 0.7 0.3 3 0 9,843 2,880 29 14.23 211.85 7
Russian Federation - 8.1 - 6 127,959 4,663 4 13.83 4,507.25 0.3
Rwanda 22 26 34 40 1070 4 0.4 0.02 5.20 0.4
Samoa - - - - 122 0 - - - -
Sao Tome and Principe - - - - 4 10 24 - 2.18 -
Saudi Arabia 0.3 0.4 0 0 3,785 1,620 43 15.42 2.40 643
Senegal 1.7 2.1 23 24 2,266 71 3 1.43 39.40 4
Seychelles - - - - 7 0 - - - -
Sierra Leone 19 1.7 46 41 540 29 5 0.34 160.00 0.2
Singapore - - - - 1 0 - - - -




Table 8.1: continued

Slovakia

Slovenia

Solomon Islands
Somalia

South Africa

Spain

Sri Lanka

Saint Helena

Saint Kitts Nevis
Saint Lucia

Saint Vincent/Grenadines
Sudan

Suriname

Swaziland

Sweden

Switzerland

Syrian Arab Republic
Tajikistan

Tanzania, United Republic of

Thailand

Togo

Tonga

Trinidad and Tobago
Tunisia

Turkey

Turkmenistan
Uganda

Ukraine

United Arab Emirates
United Kingdom
United States of America
Uruguay

Uzbekistan
Venezuela

Viet Nam

West Bank

Yemen

Yugoslavia, Fed. Rep. of
Zambia

Zimbabwe

— No data available. (1) Values marked as 0 are < 2.5%.

Source: FAO estimates.

9.1
16.9
09
0.1
0.1
09

4.2

0.1
0.2
2.3
18.0
4.4
36
46

15.5
12.9
0.7
0.2
0.0
1.2
0.4
6.2
26
0.1

0.1
09
48
14.2
5.7
05

47
48

(2) Values marked as 0 are < 1,000 ha.

o) O O Ww

"
27

36

43
43

0 1604
0 203
- 60
75 1,065
5 15,750
18516

23 1,889
- 4
— 7
- 17
- 1
21 16,900
11 67
12 180
0 2,784
0 439
0 5,484
47 864
46 4,650
21 18,297
17 2,300
- 48
13 122
0 5,100
0 26,968
9 1,800
28 6810
5 33,821
0 132
0 6,306
0 179,000
3 1307
4 4,850
21 3,490
19 7,250
- 209
34 1,680
5 4,047
47 5,279
39 3,350

174

200
1,350
3,652

115

1,213
719
155

4,749

380
4,380
1,800

2,446
74
108
22,300
180
4,281
570
3,000
12
490
57

46
17

100
0.1
7
56
2
12
14
88
16
41
6
29

1
1
3

36.07
0.62
0.75
0.26
0.05

18.96

10.96
1.79

79.29
0.08

0.02
2.23
211
24.04
0.12
20.00
1.53
0.28
209.43
3.03
54.37
3.94
48.62

6.19

1.32
224

50.10
31.87
4470
13.50
50.00
111.50
50.00

0.02

64.50
122.00
2.64
174.00
53.50
26.26
15.98
91.00
409.94
14.70

3.84
4.46
229.30
24.72
66.00
139.55
0.15
147.00
3,069.00
139.00
50.41
1,233.17
891.21
0.75
410
208.50
105.20
20.00

(3) Aggregation of data can not be carried out as it would result in double counting of shared water resources.

1,021
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Table 8.2: Per capita food consumption from 1965 to 2030 (kcal/person/day)

Figure 8.2: Per capita food consumption from 1965 to 2030

1965 1975 1985 1998 2015 2030
World 2358 2435 2655 2803 2940 3,050
Developing countries 2,054 2,152 2,450 2681 2850 2,980
Sub-Saharan Africa 2,058 2079 2057 2195 2360 2540
Near East/North Africa 2,290 2,591 2953 3006 3,090 3,170
Latin America/Caribbean 2,393 2,546 2,689 2826 2980 3,140
South Asia 2017 1,986 2205 2403 2,700 2,900
East Asia 1,957 2105 2559 2921 3060 3,190
Industrial countries 2947 3,065 3206 3380 3440 3,500
Transition countries 3,222 3385 3379 2906 3,060 3,180

There is a global food security situation that is steadily improving, with a consistently
increasing global level of food consumption per capita.

Source: FAQ, 2002.

Per capita food consumption, expressed in kcal/person/day, is used as
the indicator of food intake. The evolution of per capita food consumption
in 1965 and 2030 is given in table 8.2, based on historical data and on
FAO projections for the years 2015 and 2030.

Table 8.2 and figure 8.2 show a global food security situation that is
consistently improving, with a steady increase in per capita food
consumption at the global level as well as at the level of developing
countries. Demand for food tends to saturate at the level of
3,500 keal/person/day. Figure 8.2 and table 8.2 also clearly show that
per capita food consumption in sub-Saharan Africa remained
disappointingly low over the last forty-five years although recent
improvement trends are expected to continue. It should be noted that
gains in overall food consumption are not necessarily translated into
commensurate declines in the absolute numbers of undernourished
people, in particular when there is high population growth.

The main source of food for the population of the world is
agriculture. The term agriculture, as broadly used here, also includes
livestock husbandry, managed fisheries (aquaculture) and forestry.
The composition of meals changes gradually as demand for food
strengthens and lifestyles change. For those that can afford it, many
products that are grown out of season or are exotic now appear on
their local market. What agriculture produces is driven by consumer
demand, and changes in consumer preferences have an influence on
the water needed for food production.

It has been estimated that unmanaged natural systems could
provide food for 600 million people, one tenth of the current world
population (Mazoyer and Roudart, 1998). Thus, about 90 percent of
the present world population could not be sustained without
agriculture. Yet while few people live from only fishing, gathering and
hunting, these unmanaged, or only loosely managed, natural food
systems provide a strategically important contribution to the nutrition

z /
2
=
2 3.000 -
£ Threshold
©
£
g 2500
2
£
g —
—
<5 2000
=3
fid
1’500 1 1 1 1 1 1 1 1 1 1 1 1 ]
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030
World South Asia
— Developing countries East Asia
Sub-Saharan Africa Industrial countries
Near East/North Africa Transition countries

Latin America & the Caribbean

This figure shows a global food security situation that is consistently improving, at
both global and developing country levels. The threshold of 2,700 kcal is taken as
an indicator of the large proportion of people still affected by malnutrition.

Source: FAO, 2002.

of indigenous people as well as to the existence and survival of many
displaced, poor and marginal people. Except for marine fisheries,
which are monitored, the diffuse reality of food resources directly
obtained from natural ecosystems escapes most data collection and is
usually not reflected in agricultural and economic statistics.

Therefore, the bulk of global food production (cereals, oils,
livestock and fish) is dependent upon a whole range of agricultural
systems in which water is a critical factor of production (FAO/World
Bank, 2001).

Cereals are by far the most important source of total food
consumption as measured in calories. In developing countries,
consumption of cereals thirty years ago was 141 kilograms
(kg)/person/year, representing 61 percent of total calories. At
present it is 173 kg/person/year and provides 56 percent of
calories. Thus, cereal use has increased, but less than other
components of food intake. The fact that the growth of global
demand for cereals is declining reflects diet diversification, as more
countries achieve higher levels of nutrition. However, it is expected
that cereals will continue to supply more than 50 percent of the
food consumed in the foreseeable future.
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To satisfy the cereal demand for a growing population using
more cereals per capita, the annual world production of cereals
grew by almost a billion tons from 0.94 billion tons in the mid-
1960s to 1.89 billion tons in 1998. In the late 1990s, a slow-down
in the growth of world consumption of cereals was recorded. It was,
however, not caused by production constraints but by slowing
demand. The annual world production of cereals is projected by FAO
to increase by another billion tons from the 1998 level, to 2.8
billion tons. Within the cereal group, the relative importance of rice
is expected to decline slightly, while consumption of wheat will
continue to grow in per capita terms.

A large proportion of cereals are not produced for direct human
consumption. Thus, of the future increment in cereal production
projected by FAOQ, just under half will be for food, about 44 percent
for animal feed, with the balance going to other uses, such as seed,
industrial non-food and waste.

One out of every five calories added to food consumption in
developing countries in the last two decades originated in the group
of oil crops, which includes palm oil, soybean, sunflower,
groundnut, sesame and coconut. In projections towards the future,
it is expected that 44 percent of additional calories may come from
these products. This projection reflects the prospect, in the majority
of developing countries, of only modest further growth in the direct
consumption of staples such as cereals, roots and tubers, in favour
of non-staples such as vegetable oils. The major driving force of the
world oil crops economy has been the growth of food demand in
the developing countries, but additional demand growth has been
experienced in the non-food industrial uses of oil and also in feed
for the livestock sector. The future growth of aggregate world
demand for, and production of, oil crops is expected to remain well
above that of total agriculture. In terms of trade, developing
countries have so far been net exporters of oil crops, but this
position is likely to change as local consumption increases.

There are three sources of growth in crop production:

arable land expansion;

increase in cropping intensities (multiple cropping and shorter
fallow periods); and

yield growth.

Since the early 1960s, land in agricultural use (arable land and land
under permanent crops) in the world has increased by 12 percent to
about 1.5 billion hectares. This amounts to 11 percent of the globe's
land surface. During the same period, the world population nearly
doubled from 3.1 billion to over 5.9 billion in 1998. By implication,
arable land per person declined by 40 percent, from 0.43 hectares in

1962 to 0.26 hectares in 1998. As the world food system kept
providing enough food for a growing population, a secular decline
in the real price of food took place and the global situation of
nutrition improved, both in relative terms and in absolute numbers.
In the context of low food prices and consequent relatively low
value of agricultural land, prime agricultural land is being converted
to higher value urban and industrial uses. Also, irrigated land with
inadequate or non-existing drainage infrastructure is being gradually
lost to salinization which results in lowering vields. Yield increase
and intensification have more than compensated for the reduction in
per capita land availability.

As an example of growing crop vields, the world average grain yields
doubled from 1.4 tons/hectares/crop in 1962 to 2.8 tons/hectares/crop
in 1996. The average cropping intensity probably increased by some
5 percentage points, so that the arable land required to produce a
given amount of grain declined by some 56 percent. It is expected
that in the future, 80 percent of increased crop production in
developing countries will come from intensification through higher
yields, increased multiple cropping and shorter fallow periods. The
remaining 20 percent would come from expansion of agricultural
land in those developing countries and regions where the potential
for expansion exists and where the prevailing farming systems and
general demographic and socio-economic conditions favour it.

From 1998 to 2030, arable land in developing countries is
projected to increase by 13 percent (120 million hectares). The bulk
of the projected expansion is expected to take place in sub-Saharan
Africa and Latin America, with a smaller part in east Asia. The slow-
down in the expansion of arable land is mainly a consequence of
the projected decrease in the growth of crop production.

Food production from the livestock sector includes meat (beef, pork,
poultry), dairy products and eggs. In the last few decades,
consumption of meat in developing countries has been growing at a
rate of about 5 to 6 percent per year, that of milk and dairy
products at 3 to 4 percent per year. Much of the growth has
occurred in a small number of countries, including such populous
countries as Brazil and China. Many developing nations and whole
regions, including sub-Saharan Africa and parts of the Near
East/North Africa, where the need to increase protein consumption
is the greatest, have not been participating in the buoyancy of the
world meat sector. Worldwide, the poultry sector has been
expanding fastest, and its share in the total meat output went from
13 percent in the mid-1960s to 28 percent today. The share of
poultry in meat production is expected to continue in the future.
The forces that made for the rapid growth of the meat sector in the
past are, however, expected to weaken in the future owing to lower
population growth and the deceleration of growth that follows the
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attainment of a fairly high level of consumption. Intensive forms of
livestock production have led to a strong demand for cereals used as
animal feed and production is rising steadily to meet this demand.

Average world per capita consumption of fish reached about 16.3 kg
per year in 1999, with large differences ranging from countries with
virtually no fish consumption to countries that reach over 100 kg per
year. Per capita consumption could grow to 19 to 20 kg by 2030,
raising total fish use to 150-160 million tons. Of the total world
fisheries and aquaculture production in 2000 (130 million tons), some
74 percent (97 million tons) was available for direct human
consumption as food fish. The remainder was reduced into fishmeal
and fish oil for use in animal feeding (livestock and aquaculture) or
for industrial purposes. Marine capture fisheries production, excluding
aquaculture was located in the range of 80 to 85 million tons per
year in the 1990s. The long-term yearly sustainable yield of marine
capture fisheries is estimated at no more than around 100 million
tons per year; overfishing of some species in certain parts of the
worlds threatens the resource base. Achieving and sustaining these
levels assume more efficient utilization of stocks, healthier ecosystems
and better conservation of critical habitats. Inland catches (excluding
aquaculture) were recorded at about 7 to 8 million tons per year.
However, a recent in-depth study of inland fisheries revealed that
actual catches may be double this amount. It is important to note
that fishery resources in many inland water bodies such as rivers and
lakes are under increasing environmental threats resulting from
continued trends of growing aquatic pollution, habitat degradation,
water abstraction and other human-made pressures.

The bulk of the future increase of fish supply will have to come
from aquaculture, which has been growing at a rate of 10 percent per
year during the 1990s and has increased its share in world fish
supplies to about 27 percent. Most aquaculture development took
place in Asia (some 70 percent of world aquaculture production is in
China). At present, aquaculture production amounts to 35 million tons,
of which 21 million is inland and 14 million marine. Over 90 percent of
total aquaculture food fish production in 1995 came from developing
countries, compared with 51 percent of terrestrial animal meat
production. Fish exports from developing countries have been growing
rapidly and now far exceed earnings from commodities such as coffee,
cocoa, bananas or rubber. Strong growth may continue for some time,
but constraints such as lack of feedstuffs and suitable sites, diseases
and environmental constraints are becoming more binding. Major
factors affecting both the sustainability of capture fisheries and the
expansion of aquaculture will include improved management in the
sector and a better understanding of aquatic ecosystems, as well as
prevention and better management of environmental impacts affecting
fishery resources and aquatic biodiversity.

At the global level, food production equals consumption. For individual
countries and clusters of countries, however, production and
consumption differ depending on agricultural trade. In general, the
growth rates of food production in the developing countries have been
below growth rates of demand, and food imports of these countries
have been growing faster than their agricultural exports. For example,
the net cereal imports of developing countries increased from 39
million tons in the mid-1970s to 103 million tons in 1998.
Notwithstanding lower growth in the demand for cereals in the future,
the dependence of developing countries on cereal imports is expected
to continue to grow owing to limited potential in these countries to
increase production. One production constraint is scarcity of water
resources for irrigation, but inadequate access to credit and markets,
and poor agricultural policy and management have also hampered
production increases. The course towards a widening net trade deficit
of the developing countries is projected to continue: net food imports
are expected to rise fairly rapidly to 198 million tons in 2015 and 265
million tons in 2030. This compares to a projected cereal production in
developing countries to the order of 1,650 million tons in 2030.

Few countries pursue a policy of 100 percent food self-
sufficiency, and likewise, few countries depend on imports for more
than 20 percent of their food demand. A number of countries with
a chronic trade balance deficit and high population growth already
have difficulty in raising the foreign exchange needed to satisfy the
growing demand for food imports. While in the past such a foreign
exchange situation would have called for an increase in import taxes
and encouragement for local food production to supply the local
market, the structural adjustment programmes and market
liberalization policies implemented in the 1980s and 1990s have
precluded the adoption of national policies leading in the direction
of food self-sufficiency (Stiglitz, 2002). Yet farmers in many
developing countries with weak infrastructure and no access to
capital and technology cannot face competition from the
international market. This is particularly the case when their
production competes with that of the heavily subsidized agriculture
of industrial countries where the productivity of labour can be
1,000 times higher than theirs (Mazoyer and Roudart, 1997).

The term ‘virtual water’ was coined in the 1990s in support of a
trade and water policy point: for the food security of arid countries,
where water is needed for domestic use and in support of the
services and industrial sector, it is not necessary to use water for
local food production, because the easier and economically more
attractive alternative is to import food, in particular the inexpensive
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cereal base of the national diet. Thus, using a hydrologic perspective,
trade in food was called trade in virtual water, that is the water
consumed to produce an agricultural commodity. For example, a crop
such as wheat consumes about 1 to 5 cubic metres (m3) of water to
produce 1 kg of cereal. For poultry with a feed/meat conversion
factor of 4:1, the virtual water content would be 6 m3/kg of poultry
meat. For cattle, with a conversion factor of 10:1, the virtual water
content of 1 kg of beef would be 15 m3. The amount of virtual
water imported by a country is @ measure of the degree to which
the country depends on the international market for its food supply.

Manipulation of the virtual water concept is subject to some
caveats, one of which is that the water actually used by a crop may
have stemmed partially or totally from rain, which is free of cost,
whereas piped water has a cost. In the case of meat, one has to
keep in mind that free-roaming animals are efficient collectors of
virtual water: in arid areas, the rainfed pasture they consume usually
would have no other use.

For vegetative growth and development, plants require, within reach of
their roots, water of adequate quality, in appropriate quantity and at
the right time. Most of the water a plant absorbs performs the
function of raising dissolved nutrients from the soil to the aerial
organs; from there it is released to the atmosphere by transpiration:
agricultural water use is intrinsically consumptive. Crops have specific
water requirements and these vary depending on local climatic
conditions. Whereas an indicative figure for producing 1 kg of wheat is
about 1 m3 of water which in turn is returned to the atmosphere,
paddy rice may require twice this amount. The production of meat
requires between six and twenty times more water than for cereals,
depending on the feed/meat conversion factor. Specific values for the
water equivalent of a selection of food products are given in table 8.3.
Water required for human food intake can be derived from these
specific values in a grossly approximate way, depending on the size
and composition of the meals (see box 8.2).

Non-irrigated (rainfed) agriculture depends entirely on rainfall stored in
the soil profile. This form of agriculture is possible only in regions
where rainfall distribution ensures continuing availability of soil
moisture during the critical growing periods for crops. Non-irrigated
agriculture accounts for some 60 percent of production in the
developing countries. In rainfed agriculture, land management can
have a significant impact on crop yields: proper land preparation

The amount of water involved in food production is
significant, and most of it is provided directly by rainfall.

A rough calculation of global water needs for food
production can be based on the specific water requirements
to produce food for one person. Depending on the
composition of meals and allowing for post-harvest losses,
the present average food ingest of 2,800 kcal/person/day
may require roughly 1,000 m3 per year to be produced.
Thus, with a world population of 6 billion, water needed to
produce the necessary food is 6,000 km3 (excluding any
conveyance losses associated with irrigation systems). Most
water used by agriculture stems from rainfall stored in the
soil profile and only about 15 percent of water for crops is
provided through irrigation. Irrigation therefore needs

900 km?3 of water per year for food crops (to which some
water must be added for non-food crops). On average,
about 40 percent of water withdrawn from rivers, lakes and
aquifers for agriculture effectively contribute to crop
production, the remainder being lost to evaporation, deep
infiltration or the growth of weeds. Consequently, the
current global water withdrawals for irrigation are estimated
to be about 2,000 to 2,500 km?3 per year.

Table 8.3: Water requirement equivalent of main food products

Product Unit Equivalent water in
m? per unit

Cattle head 4,000
Sheep and goats head 500
Fresh beef kg 15
Fresh lamb kg 10
Fresh poultry kg 6
Cereals kg 15
Citrus fruits kg 1
Palm oil kg 2
Pulses, roots and tubers kg 1

This table gives examples of water required per unit of major food products, including
livestock, which consume the most water per unit. Cereals, oil crops, and pulses, roots and
tubers consume far less water.

Source: FAO, 1997a.




204 / CHALLENGES TO LIFE AND WELL-BEING

leading surface runoff to infiltrate close to the roots improves the
conservation of moisture in the soil. Various forms of rainwater
harvesting can help to retain water in situ. Rainwater harvesting not
only provides more water for the crop but can also add to groundwater
recharge and help to reduce soil erosion. Other methods are based on
collecting water from the local catchment and rely either on storage
within the soil profile or else local storage behind bunds or ponds and
other structures for use during dry periods. Recently, practices such as
conservation tillage have proven to be effective in improving soil
moisture conservation.

The potential to improve non-irrigated yields is restricted where
rainfall is subject to large seasonal and interannual variations. With
a high risk of vyield reductions or complete loss of crop from dry
spells and droughts, farmers are reluctant to invest in inputs such as
plant nutrients, high-yielding seeds and pest management. For
resource-poor farmers in semi-arid regions, the overriding
requirement is to harvest sufficient foodstuff to ensure nutrition of
the household through to the next harvest. This objective may be
reached with robust, drought-resistant varieties associated with low
yields. Genetic engineering has not yet delivered high-yield
drought-resistant varieties, a difficult task to achieve because, for
most crop plants, drought resistance is associated with low vyields.

In irrigated agriculture, water taken up by crops is partly or totally
provided through human intervention. Irrigation water is withdrawn
from a water source (river, lake or aquifer) and led to the field
through an appropriate conveyance infrastructure. To satisfy their
water requirements, irrigated crops benefit both from more or less
unreliable natural rainfall and from irrigation water. Irrigation
provides a powerful management tool against the vagaries of
rainfall, and makes it economically attractive to grow high-yield seed
varieties and to apply adequate plant nutrition as well as pest
control and other inputs, thus giving room for a boost in yields.
Figure 8.3 illustrates the typical yield response and water
requirements in irrigated and non-irrigated agriculture. Irrigation is
crucial to the world's food supplies. In 1998, irrigated land made up
about one fifth of the total arable area in developing countries but
produced two fifths of all crops and close to three fifths of cereal
production.

The developed countries account for a quarter of the world's
irrigated area (67 million hectares). Their annual growth of irrigated
area reached a peak of 3 percent in the 1970s and dropped to only
0.2 percent in the 1990s. The population of this group of countries
is growing only slowly and therefore a very slow growth in their
demand and production of agricultural commodities is foreseen.
The focus of irrigation development is consequently expected to
concentrate on the group of developing countries where

demographic growth is strongest. Increasing competition from the
higher valued industrial and domestic sector results in a decrease in
the amount of overall water used for irrigation. Figure 8.4 illustrates
the case for the Zhanghe irrigation system in China.

Map 8.1 shows irrigated land as a percentage of arable land in
developing countries. A high proportion of irrigated land is usually
found in countries and regions with an arid or semi-arid climate.
However, low proportions of irrigated land in sub-Saharan Africa
point also to underdeveloped irrigation infrastructure. Data and
projections of irrigated land compared to irrigation potential in
developing countries are shown in figure 8.5. The irrigation potential
figure already takes into account the availability of water. The graph
shows that a sizeable part of irrigation potential is already used in
the Near East/North Africa region (where water is the limiting factor)
and in Asia (where land is often the limiting factor), whereas a large
potential is still unused in sub-Saharan Africa and in Latin America.

According to FAO forecasts, the share of irrigation in world crop
production is expected to increase in the next decades. Especially in
developing countries, the area equipped for irrigation is expected to
have expanded by 20 percent (40 million hectares) by 2030. This means
that 20 percent of total land with irrigation potential but not yet
equipped will be brought under irrigation, and that 60 percent of all land
with irrigation potential (402 million hectares) will be in use by 2030.
The net increase in irrigated land (40 million hectares, 0.6 percent per
year) projected to 2030 is less than half the increase over the preceding
thirty-six years (99 million hectares, 1.9 percent per year). The projected
slowdown in irrigation development reflects the projected lower growth
rate of food demand, combined with the increasing scarcity of suitable
areas for irrigation and of water resources in some countries, as well as
the rising cost of irrigation investment. The first selection of economically
attractive irrigation projects has already been implemented, and prices
for agricultural commodities have not risen to encourage investment in a
second selection of more expensive irrigation projects.

Most of the expansion in irrigated land is achieved by converting
land used for rainfed agriculture or land with rainfed production
potential but not yet in use into irrigated land. The expansion of
irrigation is projected to be strongest in south Asia, east Asia and
Near East/North Africa. These regions have limited or no potential
for expansion of non-irrigated agriculture. Arable land expansion will
nevertheless remain an important factor in crop production growth
in many countries in sub-Saharan Africa, Latin America and some
countries in east Asia, although to a much smaller extent than in
the past. The growth in wheat and rice production in the developing
countries will increasingly come from gains in yield, while expansion
of harvested land will continue to be a major contributor to the
growth in production of maize.
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Figure 8.3: Yields and water requirements of irrigated and non-irrigated agriculture
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The graph shows the yield response and water requirements in irrigated and non-irrigated agriculture. Irrigated crops produce better than rainfed crops with high water
consumption, even if those rainfed crops get optimal inputs. The graphs for rainfed agriculture stop at a certain point (5,500 m3/ha) as it is impossible for ‘typical' rainfed
crops to consume more water without irrigation.

Source: Smith et al., 2001.

Figure 8.4: Competing uses of water in the Zhanghe irrigation district, China

== Annual irrigation water supplied

-=— Water supplied for irrigation - 5 year moving averages
1,000 -

Other uses - 5 year moving averages

900
800
700
600
500

Water (m3)

400
300
200
100

0
1963 1968 1973 1978 1983 1988 1993 1998
Years

This figure illustrates that increasing competition and demand from the industrial and domestic sectors result in the decrease of irrigation's share of water use.

Source: Molden, unpublished.
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Figure 8.5: Irrigated area as proportion of irrigation potential in developing countries
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This figure shows that a vast share of the irrigation potential is already being used in sub-Saharan Africa and Latin America, as well as in Asia, but there remains a large

potential still untapped in the Near East and India.

Source: FAO, 2002.

In many developing countries, investments in irrigated infrastructures
have represented a significant share of the overall agricultural budget
during the second half of the twentieth century. The unit cost of
irrigation development varies with countries and types of irrigated
infrastructures, ranging typically from US$1,000 to US$10,000 per
hectare, with extreme cases reaching US$25,000 per hectare (these
costs do not include the cost of water storage as the cost of dam
construction varies on a case-by-case basis). The lowest investment
costs in irrigation are in Asia, which has the bulk of irrigation and where
scale economies are possible. The most expensive irrigation schemes
are found in sub-Saharan Africa, where irrigation systems are usually
smaller and the development of land and water resources is costly.

In the future, the estimates of expansion in land under irrigation
will represent an annual investment of about USS5 billion, but most
investment in irrigation — between US$10 and 12 billion per year — will
certainly come from the needed rehabilitation and modernization of
ageing irrigated schemes built during the period 1960-80. In the
1990s, annual investment in storage for irrigation was estimated at
about USS12 billion (WCD, 2000). In the future, the contrasting effects
of reduced demand for irrigation expansion and increased unit cost of
water storage will result in an annual investment estimated between
USS4 and 7 billion over the next thirty years.

Typically, investment figures in irrigation do not include the portion
of investment provided by the farmer as land improvement and on-
farm irrigation; this can represent up to 50 percent of the overall
investment. In total, it is estimated that annual investment in irrigated

agriculture will therefore range between US$25 and 30 billion, about
15 percent of annual expected investments in the water sector.

Assessing the impact of irrigation on available water resources requires
an estimate of total abstraction for the purpose of irrigation from
rivers, lakes and aquifers. The volume extracted is considerably greater
than the consumptive use for irrigation because of conveyance losses
from the withdrawal site to the plant root zone. Water use efficiency is
an indicator often used to express the level of performance of
irrigation systems from the source to the crop: it is the ratio between
estimated plant requirements and the actual water withdrawal.

On average, it is estimated that overall water use efficiency of
irrigation in developing countries is about 38 percent. Map 8.2
shows the importance of agriculture in the countries’ water balance,
and figure 8.6 shows the expected growth in water abstraction for
irrigation from 1999 to 2030. The predictions are based on
assumptions about possible improvements in irrigation efficiency in
each region. These assumptions take into account that, from the
farmer's perspective, wherever water is abundant and its cost low,
the incentives to save water are limited. If the cost of water is
irrelevant in the financial equation, it may be left flowing unless it is
causing erosion or waterlogging. Conversely, if farmers can
profitably irrigate more land using their allocation in an optimum
way, irrigation efficiency may reach high levels.

Improving irrigation efficiency is a slow and difficult process that
depends in large part on the local water scarcity situation. It may
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Map 8.1: Area equipped for irrigation as percentage of cultivated land by country (1998)
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Expansive irrigated areas can be seen in the Middle East and Asia compared to the significantly under-irrigated arid and semi-arid regions such as sub-Saharan Africa.

Developed countries worldwide show a consistently heavy irrigated area.

Source: Map produced for the World Water Assessment Programme (WWAP) by the Centre for Environmental Research, University of Kassel. Data source: FAOSTAT, 2002.

be expensive and requires willingness, know-how and action at
various levels. Table 8.4 shows current and expected water use
efficiency for developing countries in 1998 and 2030, as
estimated by FAQ. The investment and management decisions
leading to higher irrigation efficiency involve irrigation system
management and the system-dependent farmers. National water
policy may encourage water savings in water-scarce areas by
providing incentives and effectively enforcing penalties. When
upstream managers cannot ensure conveyance efficiency, there may

be no incentives for downstream water users to make efficiency gains.

With groundwater, this caveat may not apply since the incentive is
generally internalized by the users, and in many cases groundwater
users show much greater efficiency than those depending on surface
resources. Box 8.3 provides an overview of different aspects of
potential improvements in agricultural water use efficiency.

Irrigation water withdrawal in developing countries is expected to grow
by about 14 percent from the current 2,130 km3 per year to

Figure 8.6: Irrigation and water resources: actual (1999) and predicted
(2030) withdrawals

Renewable water and water withdrawal (km?)
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In brackets: movement in irrigation efficiency from 1997-99 to 2030.

This figure shows the expected growth in water abstraction for irrigation for the
period 1999 to 2030. There is a potential increase in all regions, most notably in
south Asia, whereas the sub-Saharan Africa region is predicted to maintain its very
low level of irrigation water withdrawals.

Source: FAO data and projections.




208 / CHALLENGES TO LIFE AND WELL-BEING

Map 8.2: Agricultural water withdrawals as percentage of renewable water resources (1998)
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The importance of agriculture in countries’ water balance is shown here. Whereas agricultural water withdrawals account for little of the total renewable water resources in
the majority of countries, certain regions, such as north-east Africa and western Asia, are notable in that their agricultural withdrawals add up to more than 40 percent of
their total water resources - and in the Near and Middle East, they represent a staggering 1,000 percent.

Source: Map produced for the World Water Assessment Programme (WWAP) by the Centre for Environmental Research, University of Kassel. Data source: AQUASTAT, 2002.

Table 8.4: Water use efficiency in 1998 and 2030 (predicted) in ninety-three developing countries

Sub-Saharan Africa Latin America Near East — North Africa South Asia East Asia All countries

Water use efficiency in irrigation (%)

1998 33 25 40 44 33 38
2030 37 25 53 49 34 42
Irrigation water withdrawal as a percentage of renewable water resources (%)

1998 2 1 53 36 8 8
2030 3 2 58 41 8 9

The projected rates of water use efficiency show a global potential, although some regions that have already largely tapped into their potential water use efficiency should remain stable, for
example the Near East. The percentage of renewable water resources used for irrigation is set to increase in almost all regions as agriculture will continue to be the major user of water in the
foreseeable future.

Source: FAO, 2002.
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2,420 km3 in 2030. This finding is consistent with the one given in
box 8.2 earlier but it is based specifically on individual assessments for
each developing country. Harvested irrigated area (the cumulated area
of all crops during a year) is expected to increase by 33 percent from
257 million hectares in 1998 to 341 million hectares in 2030. The
disproportionate increase in harvested area is explained by expected
improvements in irrigation efficiency, which will result in a reduction in
gross irrigation water abstraction per hectare of crop. A small part of
the reduction is due to changes in cropping patterns in China, where
consumer preference is causing a shift from rice to wheat production.

While some countries have reached extreme levels of water use
for agriculture, irrigation still represents a relatively small part of the
total water resources of developing countries. The projected
increase in water withdrawal will not significantly alter the overall
picture. At the local level, however, there are already severe water
shortages, in particular in the Near East/North Africa region.

Of the ninety-three developing countries surveyed by FAQ, ten
are already using more than 40 percent of their renewable water
resources for irrigation, a threshold used to flag the level at which
countries are usually forced to make difficult choices between their
agricultural and urban water supply sectors. Another eight countries
were using more than 20 percent, a threshold that can indicate
impending water scarcity. By 2030, south Asia will have reached the
40 percent level, and the Near East and North Africa not less than
58 percent. However, the proportion of renewable water resources
allocated to irrigation in sub-Saharan Africa, Latin America and east
Asia in 2030 is likely to remain far below the critical threshold.

Water contained in shallow underground aquifers has played a
significant role in developing and diversifying agricultural production.
This is understandable from a resource management perspective:
when groundwater is accessible it offers a primary buffer against the
vagaries of climate and surface water delivery. But its advantages are
also quite subtle. Access to groundwater can occasion a large degree
of distributive equity, and for many farmers groundwater has proved
to be a perfect delivery system. Because groundwater is on demand
and just-in-time, farmers have sometimes made private investments
in groundwater technology as a substitute for unreliable or
inequitable surface irrigation services. In many senses, groundwater
has been used by farmers to break out of conventional command
and control irrigation administration. Some of the management
challenges posed by large surface irrigation schemes are avoided,
but the aggregate impact of a large number of individual users can
be damaging, and moderating the ‘race to the pump-house’ has
proved difficult. However, as groundwater pumping involves a direct
cost to the farmer, the incentives to use groundwater efficiently are
high. These incentives do not apply so effectively where energy costs

Global water strategies tend to focus on the need to increase
agricultural water use efficiency, reduce wastage and free
large amounts of water for other, more productive uses as
well as sustaining the environmental services of rivers and
lakes. While there is scope for improved use of water in
agriculture, these improvements can only be made slowly and
are limited by several considerations. First, there are large
areas of irrigated agriculture located in humid tropics where
water is not scarce and where improved efficiency would not
result in any gain in water productivity. Second, water use
efficiency is usually computed at the level of the farm or
irrigation scheme, but most of the water that is not used by
the crops returns to the hydrological system and can be used
further downstream. In these conditions, any improvement in
water use efficiency at field level translates into limited
improvement in overall efficiency at the level of the river
basin. Finally, different cropping systems have different
potential for improvement in water use efficiency. Typically,
tree crops and vegetables are well adapted to the use of
localized, highly efficient irrigation technologies, while such
equipments are not adapted to cereal or other crops.

are subsidized; such distortion has arguably accelerated groundwater
depletion in parts of India and Pakistan.

The technical principles involved in sustainable groundwater and
aquifer management are well known but practical implementation of
groundwater management has encountered serious difficulties. This is
largely due to groundwater's traditional legal status as part of land
property and the competing interests of farmers withdrawing water
from common-property aquifers (Burke and Moench, 2000). Abstraction
can result in water levels declining beyond the economic reach of
pumping technology; this may penalize poorer farmers and result in
areas being taken out of agricultural production. When near the sea, or
in proximity to saline groundwater, overpumped aquifers are prone to
saline intrusion. Groundwater quality is also threatened by the
application of fertilizers, herbicides and pesticides that percolate into
aquifers. These 'non-point’ sources of pollution from agricultural
activity often take time to become apparent, but their effects can be
long-lasting, particularly in the case of persistent organic pollutants. For
an example of this, see the Seine-Normandy case study in chapter 19.

Fossil groundwater, that is, groundwater contained in aquifers
that are not actively recharged, represents a valuable but
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exhaustible resource. Thus, for example, the large sedimentary
aquifers of North Africa and the Middle East, decoupled from
contemporary recharge, have already been exploited for large-scale
agricultural development in a process of planned depletion. The
degree to which further abstractions occur will be limited in some
cases by the economic limits to pumping, but promoted where strong
economic demand from agriculture or urban water supply becomes
effective (Schiffle, 1998). Two countries, Libyan Arab Jamahiriya (see
box 8.4) and Saudi Arabia, are already using considerably more water
for irrigation than their annual renewable resources, by drawing on
fossil groundwater reserves. Several other countries rely to a limited
extent on fossil groundwater for irrigation. Where groundwater
reserves have a high strategic value in terms of water security, the
wisdom of depleting such reserves for irrigation is questionable.

Since the 1960s, market food prices have been low while food
production satisfied market demand. However, FAQ's estimates indicate
that in 1998 there were 815 million undernourished people in the
world: 777 million in the developing countries, 27 million in countries
in transition and 11 million in the industrialized countries. The world is
capable of producing sufficient food to feed its population until 2030
and beyond (actually, a growing part of cereal production is already
dedicated to animal feed). The 1996 World Food Summit set a target
of reducing the number of undernourished people to 400 million by
2015. FAO projections indicate that this target may not be achieved
before 2030. The normative target and the projection of the current
course of events are illustrated in figure 8.7.

The plight of undernourished people needs to be addressed
through pro-active implementation of food security programmes.
Necessary policy adjustment should be tailored to ensure that people
can apply their initiative and ingenuity to access food and establish a
livelihood. Food security programmes should identify the most
vulnerable categories of population and consider their assets and
constraints in order to emerge from poverty. FAO has developed
specific indicators for this purpose (see box 8.5). A first level of
support is emergency assistance to households that have been hit by
natural or man-made disasters, or by conflicts. Households weakened
by hunger and disease need to be restored to the levels of strength
necessary to apply themselves to the construction of a viable
livelihood. At this point, people may need timely support to realize
their plans. External support may take a variety of forms, from
provision of seeds and tools to capacity-building and infrastructure
development. Many poverty alleviation activities bear some relation
with water. The role of irrigation is discussed further on.

Figure 8.8 and map 8.3 identify the countries with the highest
prevalence of undernourished people. Many of these countries have
been stricken by war and natural disasters, including extended periods
of drought. Within the countries, large numbers of undernourished
people live in environmentally degraded rural areas and in urban
slums. During the 1990s, the number of undernourished people fell
steeply in east Asia. In south Asia, although the proportion fell, the
total number remained almost constant. In sub-Saharan Africa, the
proportion remained virtually unchanged, which meant that the
number of undernourished people rose steeply. Food security action
has therefore a special focus on sub-Saharan Africa.

Many undernourished people are refugees who have lost their
physical and social assets in displacement caused by war or natural
disaster. The cause of displacement can also be unmitigated
externalities stemming, for example, from urban development and
consequent water pollution, as well as construction of dams and

Libya is situated in the northern part of the African continent.
Despite having an area exceeding 1,750,000 km2, only a
small part of the country has escaped the grasp of the
desert. However, cave paintings in the south of the country
indicate that the area once enjoyed considerable rainfall,
which raised the question, is it possible that huge quantities
of high-quality water might still exist in the depths of the
Libyan Sahara Desert?

Geological surveys revealed that more than 120,000 km3
of pure freshwater had been lying undisturbed beneath the
desert for between 14,000 and 38,000 years. In 1984, work
began on laying a pipeline that would convey 6 million m3 of
water per day on a journey of 3,500 km from the
groundwater source in the Sahara to the Mediterranean coast
in the north. The pipeline extends over an area roughly the
size of western Europe. The total depth of wells drilled in the
desert for the Great Man-Made River Project is over seventy
times the height of Mt. Everest.

The pipelines re-emerge at the end and feed into huge
coastal reservoirs. Today there is enough freshwater to supply
each citizen in the Great Jamahiriya with over 1,000 litres per
day and provide irrigation for 135,000 hectares of arid land.
The water brings new life to the desert and offers a brilliant
showcase of human inventiveness and engineering skill.

Source: Prepared for the World Water Assessment Programme (WWAP) by UNESCO/IHP, 2002.
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Figure 8.7: Progress towards the World Food Summit target
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FAO projections of attainment of the World Summit food security goal are clearly at
odds with the targeted goal. According to FAO estimates, the World Summit goal
would not be achieved before 2030, fifteen years behind schedule.

Source: FAO, 2002.

consequent flooding. Some national macropolicies have failed to
recognize the importance of agriculture and have also contributed to
the forces pushing rural people into poverty. In rural areas, the people
most affected include smallholders, landless labourers, traditional
herders, fishermen and generally marginalized groups such as
refugees, indigenous peoples and female-headed households. Children
are particularly vulnerable to the full impact of hunger, which can lead
to permanent impairment of physical and mental development.

Undernourishment is a characteristic feature of poverty. Poverty
includes deprivation of health, education, nutrition, safety, and legal
and political rights. Hunger is a symptom of poverty and also one of
its causes, these dimensions of deprivation interacting with and
reinforcing each other. Hunger is a condition produced either by
human action, or a lack of human action aimed at correcting it. For
example, in the early 1990s, nearly 80 percent of all malnourished
children lived in developing countries that produced food surpluses.
Lack of access to water to provide basic health services and support
reliable food production is often a primary cause of undernourishment.
To eradicate hunger, abundant food production is a requirement, but in
addition, existing food needs to be accessible to all.

Food security is defined by FAO as physical, social and
economic access for all people to sufficient, safe and
nutritious food that meets their dietary needs and food
preferences for an active and healthy life. Its converse, food
insecurity, applies when people live with hunger and fear of
starvation. Food security requires that:

sufficient quantities of food of appropriate quality be
available - a production issue;

individuals and households have access to appropriate foods
- a poverty issue; and

nourishment is taken under good conditions, including
regular meals, safe food, clean water and adequate
sanitation - a public health issue.

The individual state of health is also relevant for food
security as disease-stricken people are hampered or unable

to contribute to their own and their household's food
security. By the same token, undernourished people are
much more prone to disease.

For regional and global assessments, per capita food
intake per day in kilocalories is used as the indicator for
food security. This indicator is derived from agricultural
production and trade statistics. At the national level, a per
capita food intake of less than 2,200 kcal/day is taken as
indicative of a very poor level of food security, with a
large proportion of the population affected by
malnutrition. A level of more than 2,700 kcal/day indicates
that only a small proportion of people will be affected by
undernourishment. As people are enabled to access food,
per capita food intake increases rapidly but levels off in
the mid-3,000s. It must be stressed that per capita food
intake in terms of kilocalories is only an indicator of food
security: adequate nutrition requires, in addition to
calories, a balanced diversity of food including all
necessary nutrients.
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Figure 8.8: Proportion of undernourished people in developing countries, 19901992 and 1997-1999
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This graph indicates that levels of malnutrition in developing countries between 1990-92 and 1997-99 tended to decrease, with very few notable exceptions in Latin
America and Africa.

Source: FAO, 2001b.

Map 8.3: Percentage of undernourished people by country (1998)
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This map shows large regional disparities in the proportion of undernourished people throughout the world, and illustrates the typical division between developed and
underdeveloped countries. Whereas western Europe and North America appear to have reasonable food security levels, much of Africa, Latin America and eastern Europe does
not enjoy the same luxury.

Source: Map produced for the World Water Assessment Programme (WWAP) by the Centre for Environmental Research, University of Kassel, based on FAO, 2001b.
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There is a positive, albeit complex, link between water services for
irrigation and other farm use, poverty alleviation and food security
(FAO, 2001a; FAO/World Bank, 2001; IFAD, 2001). Many of the rural
poor work directly in agriculture, as smallholders, farm labourers or
herders. The overall impact can be remarkable: in India, for example,
in non-irrigated districts, 69 percent of people are poor, while in
irrigated districts, only 26 percent are poor (World Bank, 1991). In
rural areas, income can be boosted by pro-poor measures, such as
ensuring fair access to land, water and other assets and inputs, and
to services, including education and health. Relevant reforms of
agricultural policy and practices can strengthen these measures.

The availability of water confers opportunities to individuals and
communities to boost food production, both in quantity and diversity,
to satisfy their own needs and also to generate income from
surpluses. Irrigation has a land-augmenting effect and can therefore
mean the difference between extreme poverty and the satisfaction of
the household's basic needs. It is generally recognized that in order
to have an impact on food security, irrigation projects need to be
integrated with an entire range of complementary measures, ranging
from credit, marketing and agricultural extension advice to
improvement of communications, health and education infrastructure
(see box 8.6 for an example from Senegal). Land tenure may also
represent @ major constraint: irrigation schemes controlled by
absentee landowners and serving distant markets, even when highly
efficient, may fail to improve local food security when both
commodities and benefits are exported.

Irrigation projects are as diverse as the local situations in which
they are implemented. Generally, small-scale irrigation projects based
on shallow groundwater pumping provide a manageable framework
that can give control to the local poor and avoid leaking resources to
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the non-poor. Large-scale irrigation, as may be determined by the
need to carry out large-scale engineering works to harness water and
convey it to the fields, can also be made to work for the poor
provided that the benefits can be shared equitably, and investment,
operation and maintenance costs are efficiently covered.

Community-managed small-scale irrigation systems, by improving
yields and cropping intensities, have proved effective in alleviating
rural poverty and eradicating food insecurity. Marketing of agricultural
produce, both locally and at more distant places when adequate
transport and communication infrastructure is available, can make a
significant contribution to the income of farmers, and especially of
women. Bank deposits and credits, as well as crop insurance, can be
used to finance agricultural operations and buffer against climatic risk.
However, banking services are not usually accessible to people who
have no collateral assets, or who are of poor social status. Many rural
credit systems may also not accommodate pay-back over a period of
years - the time needed to realize the benefits from investment in
irrigation technology. However, non-conventional credit systems based
on trust and social solidarity can support poor farmers. Improvement
in poor people's food commodity storage facilities reduces post-
harvest losses and can save significant amounts of food, thus
contributing to food security. Similarly, where technically and
financially possible, storing water in surface reservoirs and aquifers is
a strategic means for managing agricultural risk. Water in the
reservoir or the aquifer is, in @ way, equivalent to money in the bank.

Irrigation, supported through inputs such as high-yielding varieties,
nutrients and pest management, together with a more extended
agricultural season, higher cropping intensity and a more diverse
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Parts of the Senegal River basin in Senegal and Mauritania
are entirely situated in the arid Sahelian zone with, in the
lower valley and the delta, a total annual rainfall that rarely
exceeds 400 mm. Thus, when used in the low-lying areas,
the rain-dependent crops of the plateau and flood-recession
crops barely meet the food needs of farming families. During
periods of drought like those of the 1970s, local populations
are drastically affected; for this reason one of the four
fundamental tasks for the Organization for the Development
of the Senegal River (OMVS) at its founding in 1972 was ‘to
create food self-sufficiency for populations in the Senegal
River basin and, by extension, for the subregion.’

To this end the goal set was to develop 375,000 hectares
out of a potential irrigable area of 823,000 hectares, by
combined operation of the Manantali and Diama dams. The
crops targeted for irrigation were rice and wheat, to be added
to sorghum, maize and market gardening - the traditional
rain-dependent and recession crops. With respect to this
goal, a total of some 100,000 hectares has so far been
developed. However, a 1996 study by the International
Institute for Environment and Development (IlED) indicated
that no single type of farming could guarantee the survival of
the family unit and that crop diversification was essential. The
study also pointed out the major issues in optimizing flood
plain development as part of the fight for food security.

assortment of crops, can generate rural employment in other non-
agricultural services. The productivity boost provided by irrigated
agriculture results in increased and sustained rural employment,
thereby reducing the hardships experienced by rural populations that
might otherwise drift to urban areas under economic pressure.
Growth in the incomes of farmers and farm labourers creates
increased demand for basic non-farm products and services in rural
areas. These goods and services are often difficult to trade over long
distances. They tend to be produced and provided locally, usually
with labour-intensive methods, and so have great potential to create
employment and alleviate poverty. Studies in many countries have
shown multipliers ranging from two (in Malaysia, India and the
United States) to six (in Australia), (World Bank, 2002).

These geographical areas are vital for agriculture, fishing,
livestock pasture and forest regeneration.

This is why, after the dams were filled in 1986 and 1987,
OMVS decided to simultaneously expand the irrigated areas by
delivering artificial flooding that would guarantee between
50,000 hectares and 100,000 hectares of recession crops and
ensure 63,000 ha of pasture and wooded areas for 2.7 million
cattle and 4.5 million sheep and goats. Fishing is also an
economically and socially important activity in the Senegal
River basin. With annual catches estimated at between 26,000
and 47,000 tons, it represents a substantial income for the
populations concerned. The storage lakes of the Diama and
Manantali dams - 11.5 million m3 spread over 500 km? - have
attracted large fishing communities since the dams became
operational. The programmes begun by OMVS thus contribute
to achieving food security in the area. For this aim to be met
as quickly as possible, the OMVS High Commission sees a
need, on the one hand, for increased technical, institutional
and financial means so as to accelerate development and
ensure sound management, and on the other hand, for
technical improvements permitting more intensive farming,
higher yields and a close association between farming,
fishing, livestock-raising, forestry and the water economy.

Source: Prepared for the World Water Assessment Programme (WWAP), by the Organization
for the Development of the Senegal River (OMVS), 2002.

Fish has a very good nutrient profile and is an excellent source of
high-quality animal protein and of highly digestible energy.
Refugees and displaced people facing food insecurity may turn to
fishing for survival, where this possibility exists. Staple-food fish,
often comprising low-valued fish species, is in high demand in most
developing countries, because of its affordability.

Inland fish production provides significant contributions to
animal protein supplies in many rural areas. In some regions,
freshwater fish represent an essential, often irreplaceable source of
cheap high-quality animal protein, crucial to a well-balanced diet in
marginally food-secure communities. Most inland fish produce is
consumed locally and marketed domestically, and often contributes
to the subsistence and livelihood of poor people. The degree of
participation in fishing and fish farming is high in many rural
communities. Fish production is often undertaken in addition to




SECURING FOOD FOR A GROWING WORLD POPULATION / 215

Lao People’s Democratic Republic has extensive water
resources in the form of rivers, lakes and wetlands.
Fisheries and the collection of aquatic animals during the
rainy season are important activities in the country and fish
forms an important part of the national diet. Rice cultivation
is widespread in rainfed, irrigated and terraced fields. Rice is
mostly cultivated on a one-crop-per-year basis, but in
irrigated areas two crops per year are possible.

In upland rainfed fields, bunds are often raised to
increase water depth for fish cultivation. In some cases, a
small channel is constructed to facilitate fish capture. In the
Mekong River plain, rice-fish farming is practiced in rainfed
rice fields where soils are relatively impermeable as well as
in irrigated rice fields, which offer ideal conditions for fish

agricultural or other activities. Yields from inland capture fisheries,
especially subsistence fisheries, can be very significant, even though
they are often greatly underreported. Yields from inland capture
fisheries are highest in Asia in terms of total volumes, but are also
important in sub-Saharan Africa. Fishery enhancement techniques,
especially stocking of natural and artificial water bodies, are making
a major contribution to the total catch (FAO, 2000a).

Rural aquaculture contributes to the alleviation of poverty
directly through small-scale household farming of aquatic organisms
for domestic consumption and income. It also contributes indirectly
through employment of the poor as service providers to
aquaculture or as workers on aquatic farms. Poor rural and urban
consumers can greatly benefit from low-cost fish provided by
aquaculture. For aquaculture to be effective in alleviating poverty, it
should focus on low-cost products favoured by the poor, and
emphasis should be placed on aquatic species feeding low in the
food chain. The potential exists for aquaculture production for local
markets and consumers. Combined rice-fish systems are possible and
carry high benefits because they provide cereals and protein at the
same time. These systems have also been shown to have beneficial
effects on the malaria situation, where mosquito vectors breed in rice
fields and where the selected fish species feed on the mosquito
larvae. This is the case in parts of South-East Asia (see box 8.7).

A large number of forest products contribute to food security: FAO
estimates that about 1.6 billion people in the world rely to a certain
extent on forest resources for their livelihoods. For most rural

cultivation. As elsewhere, there is little reliable data
available concerning production levels from rice-fish farming
but productions of 125 to 240 kg/hectare/year have been
reported for upland rice-fish production systems. Carp,
tilapia and other species cultured in this system are mostly
for consumption in the farmer's home.

While rice-fish farming is popular with farmers, there
are some constraints that need to be addressed through
proper support. Integrated pest management practices
should be applied to reduce pesticide use. Furthermore,
fingerlings need to be made available more easily and
farmers' access to credit should be improved.

Source: Dixon et al., 2001.

people in the world, firewood provides the fuel for cooking food, so
its availability is an integral part of food security. Furthermore, the
bioenergy sector generates employment and income in developing
countries.

Most forests and tree plantations subsist on rainwater, or may
develop around irrigation schemes. Some tree species can use large
amounts of water drawn from water storage in the soil profile and
in shallow aquifers. Trees in forests and outside of forests provide
significant benefits to poor people and contribute to food security.
The benefits from water used by forests are largely seen in terms of
wood and non-wood products, as well as in protecting the
environment, reducing soil degradation and preserving biodiversity.

The institutional arrangements governing irrigation water appropriation
and use have been established over the centuries in various countries
under different environmental and social circumstances. Adapting to
new pressures that call for higher water productivity and increased
user participation and liability in cost recovery has proved difficult.
With increasing competition for water, both within the irrigated
subsector (between farmers) and with other economic sectors -
principally municipalities, industry and hydropower - it is often the
case that irrigation institutions are not adequately equipped to adapt
to changing circumstances and expectations. The competing demands
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from municipalities, industry and the energy sector are forcing
transfers from agriculture to higher value uses. Figure 8.4 earlier
showed an example of this process at work in one district in China.

Irrigated agriculture has played a pivotal role in keeping up with
global food demands in the twentieth century, but as we enter the
twenty-first century, there is continued evidence of lacklustre
performance in the public sector alongside a frustrated private
sector. In many cases, distorted markets, ill-conceived incentives and
institutional rigidity plague the irrigation subsector. Producers are
seeking financial returns against tight margins for food
commodities, subsidies for rainfed agriculture and varying degrees
of competition for raw water from other sectors, and are also
expected to maintain environmental integrity.

One troubling aspect is the continued expectation that the
physical endowments of land and water equate to a 'potential’ that
needs to be realized, without parallel analysis of economic, financial,
institutional and environmental constraints and without a realistic
market analysis. This has conditioned the approach that many
governments continue to take in implementing irrigation and water
policies, establishing irrigation institutions and in allocating public
sector budgets. There has been a dominance of supply-led
approaches predicated upon large-scale irrigation infrastructure, and
governments have shown determination in continuing to play a role
in operating public infrastructure for the supply of irrigation services.
In many instances, there is a sharp discontinuity in policy,
institutional capacity, investment between the provision of irrigation
services and the promotion of agricultural systems. This applies to
many of the key developing economies. It could be argued that if
irrigated agriculture has its failures, it is in a large part because it
has focused mainly on providing water and not enough on the
productivity of the agricultural systems and their responsiveness to
agricultural markets.

Investment in large irrigation projects increased in the 1970s and
then fell by more than 50 percent in the 1980s. It further declined
in the 1990s. Most of the water-related infrastructure projects over
the past forty to fifty years were financed by governments with
significant intervention by the international development banks.
Development costs for new irrigation lands have increased markedly
in recent years; for example, costs have been increasing by more
than 50 percent in the Philippines, 40 percent in Thailand and have
nearly tripled in Sri Lanka. With declining crop prices, it is difficult to
justify new irrigation development. Financial capability is lacking for
new infrastructure as well as for modernizing present structure and
ensuring system sustainability.

Recently, there has been an increase in the private sector
financing of large water sector infrastructure and small-scale

irrigation systems. According to the World Bank, 15 percent of the
infrastructure is currently being financed through private funds, and
this is part of a growing trend. Groundwater development has
proved a particularly attractive target for private investment because
of the private level of control it offers.

During the ‘green revolution' of the 1960s and 1970s, high priority
was given to making irrigation water available to farmers.
Governments had surface irrigation systems established and
managed through public sector agencies. Some large-scale systems
were poorly designed, with insufficient provision for drainage and
consequent soil degradation. System management often failed to
respond to the needs of users, in particular of smallholders and
sectors carrying low social and political weight. Water use fees were
not collected or not applied to proper system operation and
maintenance. Large rehabilitation needs emerged and as
governments and international lending institutions found it difficult
to raise funds for this purpose, it became clear that the economic
and social context of large-scale irrigation needed to be reformed.

Reforming efforts focused on transferring responsibility for
operating and maintaining irrigation systems to the farmers,
organized in water user associations. This highlighted the need for
building and developing managerial capacity among stakeholders,
while confining irrigation system administration to the role of water
service provider. Empowerment alone may not be sufficient unless
deficiencies in design and operation and/or upgrade of
infrastructures are addressed. Irrigation modernization is a process
of change from supply-oriented to service-oriented irrigation. It
involves institutional, organizational and technological changes and
transforms a traditional irrigation scheme from protective to
productive irrigation. The modernization and transfer of some
management responsibilities of government-held irrigation systems
to water user associations and service-providing companies have
been carried out in several countries such as Mexico, China and
Turkey and have proved beneficial in certain cases. However,
governments have tended to be only half-hearted when enacting
complementary policies and institutional reforms that are necessary
to provide the appropriate environment for effective operation of
the new irrigation management entities. The process of empowering
marginalized stakeholders, including smallholders, and removing
political influence from irrigation management is as yet not
completed. Irrigation management transfer is complicated because
of a number of factors. Firstly, there is a need to help poor
stakeholders gain equity with non-poor stakeholders and reconcile
conflict between upstream and downstream users. Secondly, the
transaction costs of water user associations may be higher than
under properly working ‘command and control' management
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establishments. Finally, the apportionment of financial and operation
risk and liability is difficult to make when a large-scale infrastructure
is transferred to user associations or service companies not prepared
for such responsibilities.

Gender equity is a case in point. Women are major actors in poverty
alleviation, in food production, and in ensuring and dispensing
nutrition at the household level. A majority of the poor, estimated
at 70 percent, are rural people, and rural poverty has become
feminized as men of productive age migrate away from
impoverished rural areas to the more promising urban environment,
or are forcibly recruited by warring factions, leaving behind the
women, the elderly, the sick and the children. In rural areas
subject to recurrent conflicts, whatever little infrastructure exists
collapses or is wantonly destroyed, thus increasing both insecurity
and the burden on women. Households headed by women are
recognized among the poorest of the poor. Against a biased view
that ‘women do not irrigate’, women are now recognized as being
actively involved in irrigation, often demonstrating high levels of
skill (see box 8.8).

Improving water use productivity is often understood in terms of
obtaining as many kilograms of crop as possible per cubic metre of
water - 'more crop for the drop'. Financially astute farmers may
prefer to target a maximum income per cubic metre - 'more dollars
for the drop’, while community leaders and politicians could be
looking for maximum employment and widespread income
generated through the crop and its derivatives - ‘more jobs for the
drop'. In a broad sense, increasing productivity in agriculture
involves deriving more benefit, or achieving more welfare, for every
unit of water withdrawn from natural water bodies.

Technology permits accurate water application in the optimum
quantity and timing for crop development. Drip irrigation for
example can respond to existing soil moisture conditions by leading
the required quantity of water to the root zone of the plant. Laser-
supported land-levelling devices allow accurate bounded field
irrigation. When such techniques are applied in water-scarce regions
with high-value outputs, their application results in profit for the
farmer. Further research now reaching the application phase has
crops grown in greenhouses in such a way that water transpired by
the plants is not released to the atmosphere but condensed and
reused. The application of advanced technology is dependent on a
level of investment and capacity as well as on an economic
incentive to make it worthwhile. Most irrigation in the world was
initially established to take advantage of otherwise unused water. It
should not be surprising that water use efficiency makes only slow

A recent study in Dakiri, Burkina Faso, shows that
allocating smaller plots to men and women separately
instead of allocating larger plots to household heads has
produced both higher yields and social benefits. When both
men and women have irrigated plots, the productivity of
irrigated land and labour is higher than in households
where only men have plots. Women are equally good or
even better irrigation farmers than men, and those who
have obtained irrigated plots are proud of their increased
ability to contribute to the needs of their households.
Women prefer to contribute to their households by working
on their own plots rather than providing additional labour
to their spouse’s or to the collective plots. As they become
economically less dependent upon their husbands, they
can help support their relatives and increase their own
opportunities for individual accumulation of wealth in the
form of livestock. The effects of having an individual plot
significantly improve the bargaining position of a woman
within a household and are a source of pride in the
household and the community.

Source: OECD/DAC, 1998.

progress wherever water is cheap, either because it has no other
uses and therefore a low opportunity value, or because it is
subsidized. Actually improving efficiency can be a slow and laborious
process that requires system modernization, therefore upgrading the
technological environment and the knowledge and capacity of
irrigation operators.

From the perspective of a national economy, a key goal for water
use productivity is to improve net economic returns per dollar invested
in water use, favouring investment in the urban and industrial sectors.
However, such a view may not adequately recognize the need for food
and the social and environmental benefits derived from agriculture.

Crop diversification, made possible by irrigation, has a beneficial
influence on local food security in remote rural areas by supporting
a longer growing season and providing a healthier, more diversified
diet including fresh produce. At a medium scale, crop diversification
strengthens the rural economy and reduces the uncertainty
associated with the market vagaries that affect monocultures. In
1990 in Asia for example, cereals, pulses and other crops accounted
for 66 percent, 8 percent and 26 percent of the total cropped area.
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By 1997, this had changed to 56 percent, 7 percent and 37 percent.
Per capita cereal production nevertheless increased owing to higher
yields. Irrigation systems designed for cereal cultivation often do not
have sufficient regulation and the effective water control structures
required for crop diversification. Diversification also calls for higher
levels of management capacity, as it is not enough to produce a
variety of crops: in addition to being produced, these have to be
marketed. Policy and economic factors such as market incentives
and availability of labour influence the crop choice of farmers.
Availability of low-cost pumping technology has supported the
expansion, under private initiative and finance, of diversified
cropping systems.

Agriculture may have distinct negative externalities in terms of water
quantity and quality. Pasture and crops take up 37 percent of the
earth's land area. Agriculture is the largest water user and the main
source of nitrate pollution of ground and surface waters, as well as
the principal source of ammonia pollution. It is also a major
contributor to the phosphate pollution of waterways and of release
to the atmosphere of the greenhouse gases methane and nitrous
oxide. Land degradation, salinization, overabstraction of
groundwater and the reduction of genetic diversity in crop and
livestock affect the basis of agriculture's own future. The vanishing
Aral Sea is a clear example of the irreversible impacts of excessive
withdrawals. The irrigation sector is coming under increasing public
scrutiny as amenity and ecosystem values are lost while the
expected economic and social benefits of irrigation systems are not
fully realized. Competition between urban dwellers and agriculture is
also a growing issue and may worsen environmental pressure. In
developed countries, environmental concerns have been a key driver
for modernizing irrigation systems.

Historically, reclamation of wetlands has made a major
contribution to agricultural growth. Because of the presence of water
during a large part of the year and in view of the relative fertility of
their soils, many wetlands have a good potential for agricultural use.
However, this use leads to serious environmental damage, and the
importance of protecting them has been recognized by the adoption
of the Convention on Wetlands (Ramsar, 1971). The developing
countries still have some 300 million hectares of wetlands that may
be suitable for crop production but only a relatively small percentage
is currently used to this end. Where no alternative additional land
resources are available to exploit, wetlands will inevitably be
converted to crop production. This is the case in many parts of sub-

Saharan Africa, where the nutritional situation is bad and wetlands
represent an attractive opportunity for agricultural development.

However, unwise use of wetlands may result in environmental
degradation. Draining of wetlands has often been carried out under
the wrong assumption that wetlands are useless and worthless.
Sustainable use of wetlands can be achieved by selecting crops
adapted to wetland conditions, using appropriate water and soil
management technologies and planning wetland development and
management carefully within the framework of the watershed area.
Wetlands of particular international or national importance on
account of their significance in terms of ecology, botany, zoology or
biodiversity should be protected from any agricultural use and from
the influences of agricultural activities in upstream areas.

Water pollution, habitat degradation and massive water
withdrawals can deprive fishing communities of their livelihood and
push them into food insecurity. The resulting environmental impacts
affecting fishery resources in inland waters can be devastating. Even
in estuarine and coastal zones at the lower end of river basins,
fishery resources are impacted by pollution, habitat degradation and
upstream water withdrawal and use. It is increasingly recognized that
agriculture also has positive externalities, including environmental
services and products. The multifunctional nature of agriculture is
increasingly acknowledged and encouraged, so that farmers are seen
not only as commodity-producers but also appreciated as self-
employed citizens, stewards of the landscape and stakeholders in
vibrant communities. Trade-offs between food security and the
environment can be further reduced through already available or
emerging technologies and land management practices. By using
more sustainable production methods, the negative impacts of
agriculture on the environment can be attenuated. Agriculture can
play an important role in reversing negative impacts by, for example,
environmentally sound water use, biological treatment of waste,
enhancing the infiltration of water to reduce flood runoff, preserving
agricultural and natural biodiversity, and storing carbon in soils.

With rising demands for water, concerns over water quality have
risen rapidly. Pollutant loads have increased enormously, and at the
same time, the amounts of water available for dilution are
decreasing. The situation is particularly alarming in developing
nations while, in developed countries, the enforcement of water
quality measures has resulted in improved conditions for most rivers.
Deterioration of water quality poses a serious threat to the
sustainability and the safety of food produced by intensive farming
systems upon which global food security has become increasingly
dependent. Security and stability in food supplies in this century will
be closely linked to success in water quality control. Organic matter,
if free of pathogens, can actually be beneficial to irrigated
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agriculture (see box 8.9), but water contamination with hazardous
chemicals makes it unusable for food production.

It is estimated that poor drainage and irrigation practices have led
to waterlogging and salinization of about 10 percent of the world's
irrigated lands, thereby reducing productivity. In particular, mobilization
of resident salts is a widely occurring phenomenon in irrigated river
basins in arid regions. Waterlogging and salinization in large-scale
irrigation projects are often the result of unavailable drainage
infrastructure which was not included in the engineering design in
order to make projects look economically more attractive. These
problems are generally associated with large-scale irrigation
development under arid and semi-arid conditions, as in the Indus
(Pakistan), the Tigris-Euphrates (Middle East) and the Nile (eastern
Africa) river basins. The solutions to these problems are known but
their implementation is costly.

Water-related diseases are described earlier in this book, together with
figures on the burden of disease. The key irrigation-related vector-
borne diseases are malaria, schistosomiasis and Japanese encephalitis.
Irrigation has in the past sometimes been accompanied by
adverse impacts on the health of local communities. The principal
causes are rooted in ecosystem changes that can create conditions
conducive to the transmission of vector-borne diseases, as well as

drinking water supply and sanitation conditions that lead to
gastrointestinal conditions. The attribution of the burden of each of
these diseases to irrigation or components thereof in specific
settings is complex. Only where irrigation is introduced in an arid
region where the diseases previously did not occur, is the
association between the resulting dramatic landscape changes and
the explosive rise of disease incidence and prevalence clear-cut. In
most cases, there is a complex mixture of contextual determinants
of the diseases, combined with a number of confounding factors.
For example, in parts of Africa south of the Sahara, the transmission
of malaria is so intense throughout the year that the additional risk
factors from irrigation development will not add to the disease
burden. Schistosomiasis, rightly equated with irrigation in Africa, is
also determined by human behaviour and by the state of sanitation.
Many vector-borne disease problems in irrigated areas can be traced
to absent or inadequate drainage. The various forms of surface irrigation
all impose increased vector-borne disease hazards, while overhead
irrigation and drip irrigation are virtually free of such hazards. Crop
selection can be important. In that sense, flooded rice and sugarcane
are crops that carry increased vector-borne disease risk. Irrigated
agriculture often requires additional chemical inputs for crop protection,
and the application of pesticides can disrupt the ecosystem balance
favouring certain disease vectors; it can also contribute to an accelerated
development of resistance to insecticide in disease vector species.

The cost of disposing of urban wastewater is all too often
externalized against the aquatic environment and
downstream users in rivers, estuaries and coastal zones and
hardly, if ever, appears in the benefit and cost accounts.
However, wastewater is recognized as a resource,
particularly in water-scarce regions. If the polluter actually
pays, wastewater is free or has only a low cost, is reliable in
time and close to urban markets. In addition to direct
benefits to farmers who would otherwise have little or no
water for irrigation, wastewater improves soil fertility and
reduces water contamination downstream. The total land
irrigated with raw or partially diluted wastewater is
estimated at 20 million hectares in fifty countries, somewhat
below 10 percent of total irrigated land in developing
countries. For irrigation use, wastewater should be subject
to primary and secondary treatment, but in poor countries
that is often not the case and raw sewage is applied.

Disadvantages and risks related to use of insufficiently
treated wastewater concern the exposure of irrigation
workers and food consumers to bacterial, amoebic, viral and
nematode parasites as well as organic, chemical and heavy
metal contaminants. In a context of prevailing poverty, such
water is used in the informal, unregulated sector, but
sanitary concerns preclude the export of the products and,
at least partially, the access to local food markets.
Governments and the development community promote
efforts to lead wastewater reuse into sustainable channels,
but countries and municipalities short of resources are slow
in facing the cost of water treatment. Given water scarcity
and the relatively high cost of obtaining potable freshwater
for municipal uses, the use of treated wastewater in the
urban context is projected to increase in the future, mostly
for irrigation of trees in the urban and peri-urban
landscape, including parks and golf courses.
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There are many opportunities in the planning, design and operation
of irrigation schemes to incorporate health safeguards: hydraulic
structures, for instance, can be designed so they provide less or no
habitat for vector breeding. Improved water management practices such
as alternate wetting and drying of irrigated rice fields, rotational drying
of parallel irrigation canals, flushing of canals with pools of standing
water and clearing canals of aquatic weeds can reduce vector breeding.
Moreover, the very infrastructural development that usually
accompanies irrigation development and the economic development
that follows in its wake imply improvements in access to health services
and increased buying power to purchase drugs, mosquito nets and
other preventative and protective tools and products.

Until the 1980s, a drinking water supply component was often
overlooked in the context of irrigation development. While this
situation has improved, the two types of water use are occasionally
at odds. Highly increased chemical inputs may pollute groundwater,
and local communities have been known to revert to canal water
because the quality of water from their pumps had deteriorated.
Easy access to large quantities of water in irrigation canals for
domestic needs other than drinking will contribute positively to
overall hygiene. There are also important overlaps between operation
and maintenance tasks for irrigation and drainage schemes and for
drinking water supply and sanitation services that would allow
important economies of scale to be achieved. A study carried out in
three African countries (see box 8.10) for instance, showed that
small dams and wells acted as catalysts for change, initiating actions
that generated income and allowed people to diversify diets, afford
health services and better cope with hungry periods of the year.

Agriculture will remain the dominant user of water at the global
level. In many countries, in particular those situated in the arid and
semi-arid regions of the world, this dependency can be expected to
intensify. Water appropriation by agriculture experienced strong
growth with the 'green revolution'. The contribution of irrigated
agriculture to food production is substantial but the rate of growth
will be lower than in the past. However, for various reasons that
include limited water resources, only about one third of arable land
bears irrigation potential. Both irrigated and non-irrigated
agriculture still have scope for increasing productivity, including
water productivity. Arguably, the expansion of irrigated agriculture
protected people on the nutritional fringe from premature death,
and preserved tracts of land under forest and wetlands from
encroachment by hard-pressed farmers. However, pressures to
encroach on such lands persist.

Within the current demographic context, the global food
security outlook is reasonably good and towards 2050, the
increased world population could enjoy access to food for all. The
fact that close to 800 million people are at present ravaged by
chronic undernourishment in developing countries is not due to a
lack of capacity of the world to produce the required food, but to
global and national social, economic and political contexts that
permit, and sometimes cause, unacceptable levels of poverty to
perpetuate. Poverty is being alleviated, albeit slowly, and as the
share of food slips lower in household budgets, the prospects for

FAO assessed the impact of three small-scale irrigation
projects on the health and welfare of villagers in Burkina
Faso, Mali and the United Republic of Tanzania. The
assessment showed that small dams and wells acted as
catalysts for change, initiating actions that generated income
and allowed people to better cope with the hungry periods
of the vear, diversify diets and afford health services. These
projects encouraged production, processing and preparation
of a variety of indigenous foods, nutrition education and the
participation of women's groups. In all three cases, irrigation
increased food production or income by enough to provide
one additional meal per day, even during the 'hungry season’
before the harvest (FAO, 2001b).

In the arid countries of Asia, there are often large areas

where groundwater is brackish and people have to obtain
water from irrigation canals for all uses, including domestic. A
study by the International Water Management Institute in
Pakistan showed that safe use of canal irrigation water is
possible if households have a large water storage tank in
their house and have a continuous water supply for
sanitation and hygiene. The results also showed that children
from households having a large storage capacity for water in
the house had much lower prevalence of stunted growth
than children from families lacking such a storage facility.
Increasing the quantity of irrigation water available for
domestic use and providing toilet facilities are the most
important interventions to reduce the burden of diarrhoeal
disease and malnutrition.
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agriculture to internalize its costs will improve. Water still has a
large unmet potential to help alleviate poverty and
undernourishment. In taking this direction, agricultural water
management will continue to require better integration with rural
household water uses, and to make more positive contributions in
environmental management. Food for all could be achieved much
earlier than present projections indicate, provided that the
necessary policies are backed with the necessary resources. The
economic, social and environmental cost of continued food
insecurity for hundreds of millions of people is high.

Agriculture can use water more efficiently than present practices
indicate. Technology for efficient transport of water from the site of
abstraction to the field, and for delivering it to the crop plants with a
minimum of losses, is available and is actually applied wherever water is

Progress since Rio at a glance

scarce. Irrigation water use efficiency increases when the right policy
and market incentives are in place. As competition for limited water
resources and pressure to internalize environmental impacts intensify in
a number of countries, agriculture and, in particular, irrigation comes
under growing pressure to review and adapt its policies and institutions,
including the water rights and allocation system. Under such
circumstances as in the Near East/North Africa region, current water
efficiency is relatively high and projected to further increase. Data show
an aggregate low water use efficiency in the water-rich Latin America
region, and it is not predicted to increase significantly in the future as
there are no other large-scale users in competition with agriculture;
locally, however, wherever water is scarce, high efficiency is also more
frequent throughout the region. Agriculture can also increase the use
of recycled water and water stemming from non-conventional sources.
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Food and Agriculture Organization (FAQO), AQUASTAT
http://www.fao.org/ag/agl/aglw/aquastat/main/
Provides data on the state of water resources across the world, including an online database on water and agriculture, GIS, maps, etc.

Food and Agriculture Organization (FAO), FAOSTAT
http://apps.fao.org/
Time series records covering production, trade, food balance sheets, fertilizer and pesticides, land use and irrigation, forest and fishery
products, population, agricultural machinery, etc.

Food and Agriculture Organization (FAO), Fisheries Global Information System (FIGIS)
http://www.fao.org/fi/figis/tseries/index.jsp
Global fishery statistics on production, capture production, aquaculture production, fishery commodity production and trade, and fishing
fleets.

Food and Agriculture Organization (FAO), Food Insecurity
http://www.fao.org/SOF/sofi/
Provides information on the state of food insecurity in the world and on global and national efforts.

International Water Management Institute (IWMI), Water for Agriculture
http://www.cgiar.org/iwmi/agriculture/
Provides information on issues related to water for agriculture: research activities, list of publications and links. This site is part of a larger
site that houses information on a plethora of water management-related topics, such as the environment, health, etc.

Food and Agriculture Organization (FAQO), WAICENT
http://www.fao.org/Waicent/
FAQO's information portal: this is a programme for improving access to documents, statistics, maps and multimedia resources.

* These sites were last accessed on 6 January 2003.
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G.-M. Keller, Nation's Business, 12 June 1988

T IS DIFFICULT TO IMAGINE ANY TYPE OF INDUSTRY in which water is not

used - as an ingredient of the product itself, for heating or cooling, or as

part of the manufacturing and cleaning process. Bulk processing
industries need bulk supplies of water, while specialized firms such as
pharmaceutical enterprises may require smaller amounts of higher quality
water. All require water to be available on a regular basis. While the supply of
water is certainly an important issue, this chapter also draws attention to
water and pollution as outputs of industrial activity. Both affect the
environment and the lives of downstream communities. The chapter provides
examples of various economic and legislative instruments available for
encouraging industries to exercise responsible citizenship. It suggests that
both ‘the carrot and the stick’ can play a role in minimizing waste and
encouraging good practice.
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NDUSTRY IS AN ESSENTIAL ENGINE OF ECONOMIC GROWTH. As such, it is key to economic and social progress and
thus contributes positively to two of the three components that must develop in harmony if sustainable

development is to be achieved. All too often, however, the need to maximize economic output, particularly in

developing countries and countries with economies in transition, has excluded the careful and balanced consideration

of the third component - environmental protection - from the planning process. Adequate water resources of good

quality, for example, are not only important for sustaining human communities and natural ecosystems but also

represent a critical raw material for industry. By this approach, short- and medium-term economic gains have been

mortgaged against long-term environmental harm and may ultimately be rendered unsustainable.

In recent decades, the large-scale transfer of manufacturing
industry from developed to developing communities has
exacerbated this imbalance. Water-intensive industries, such as
textiles, originally located to take advantage of abundant and
well-managed water supplies, may now find themselves
relocated to communities where they compete for scarce or
underdeveloped water supplies. In this way, the economic
benefits derived from lower manufacturing costs are achieved in
part by placing additional burdens on local supply-side water
management or are offset, at least in part, by additional, and
unplanned charges. Changes arise from the need to overcome
inadequate supply and interrupted working, impaired water
quality and increased product spoilage, and, in many cases, to
avoid additional capital expenditure as enterprises take direct
control of their water supply management.

The international community has recognized the important role
played by water in the framework of sustainable industrial
development for many years. The Dublin International Conference
on Water and the Environment stated in 1992 that 'human
health and welfare, food security, industrial development and
the ecosystems on which they depend, are all at risk, unless
water and land resources are managed more effectively'.

Agenda 21, which was released the same year, gave
considerable attention to water and industrial development while
setting out the necessary framework for sustainable development.
Chapter 18 implicitly highlights the need to promote cleaner
production methodologies and ‘innovative technologies ... to fully
utilize limited water resources and to safeguard those resources
against pollution’. Chapter 30 is completely dedicated to
strengthening the role of business and industry as crucial drivers of
social and economic development, but at the same time it
recognizes that, all too often, industry uses resources inefficiently
and is responsible for avoidable spoilage of those resources.

Industry impacts on water may be considered two-fold.

Quantity: Water, often in large volumes, is required as a raw
material in many industrial processes. In some cases it may be a
direct raw material, bound into the manufactured product and
thus ‘exported’ and lost from the local water system when these
products are sent to market. In other cases, and perhaps more
commonly, water is an indirect raw material, used in washing
and cooling, raising steam for energy, cooking and processing
and so on. In the latter case, the wastewater may be returned
to the local water system through the sewerage system or
directly to watercourses.

Quality: Although industry requires water of good quality for
manufacturing, the water it discharges may not meet the same
quality standards. At best, this represents a burden on treatment
plants responsible for restoring water quality to appropriate
standards and suitable for recycling. At worst, industrial wastewater
is discharged without treatment to open watercourses reducing the
quality of larger water volumes and, in some cases, infiltrating
aquifers and contaminating important groundwater resources. This
endangers downstream communities that rely on those resources
for their primary water supply.

In many developing countries, industry is effectively taking advantage
of weak local water governance; passing liability for demand-side
considerations either to already overburdened local utilities or to
local communities and water users. Typically, the additional financial
and environmental costs borne by the local water systems, or directly
by other water users, are not taken into account in the preparation
of statistics to demonstrate national economic development. Indeed,
governments may show the capital costs of water supply and
wastewater treatment as development advances rather than as costs
passed to government by industry investors.

Although both precautionary and the polluter pays principles are
widely adopted by governments, lack of resources within water
governance means that they are not yet fully implemented. So the
principles are not providing the protection and benefits originally
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envisaged and the water industry systems are unsustainable, being
based on the exploitation of one by the other. In many countries
this lack of sustainability is becoming increasingly evident. Projected
growth in demand for water cannot be met from existing finite
resources by supply-side considerations alone.

It follows that integrating improved supply-side considerations
with enhanced demand-side management must be invoked both at
government and enterprise levels to restore the balance between
economic and environmental objectives.

Figure 9.1: Competing water uses for main income groups of countries

Demand-side initiatives can play an important role in:

= increasing the efficiency of those industrial processes that place
the greatest demands on water supply through the adoption of
best available techniques; and

= lowering the pollutant loads of water discharged by industry
through the recognition that much of this pollutant load
represents excess raw materials that should not be discarded by
an enterprise but rather captured for reuse.

These initiatives offer opportunities to break the prevailing paradigm
whereby industrial growth and environmental protection are seen as
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use (%) use (%) use (%) incompatible alternatives. In existing industry, these demand-side
World 70 22 3 initiatives can be driven, at least in part, by economic considerations
Low income 87 8 5 at enterprise level. Thus, industry may be attracted to take up such
Middle income 74 13 12 work for reasons of enhanced competitiveness rather than for
Lower middle income 7 1 10 reasons of compliance with the negative drivers of regulation and
Upper middle income 73 10 17 . . .
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Industrial use of water increases with country income, going from 10 percent for low- and middle-income countries to 59 percent for high-income countries.

Source: World Bank, 2001.
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Figure 9.2: Contribution of main industrial sectors to the production of organic water pollutants
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Industries based on organic raw materials are consistently the most significant contributors to the organic water pollutant load, with the food and beverages sector being the

most important polluter.

Source: World Bank, 2001.

Freshwater data set out in the World Development Indicators Report
(World Bank, 2001) show that water for industrial use represents
approximately 22 percent of total global freshwater use. In general,
industrial use of water increases with country income, representing
59 percent of total water use in high-income countries but only

8 percent for low-income countries (see figure 9.1). The World
Water Resources and Their Use database (Shiklomanov, 1999)
forecasts that the annual water volume used by industry will rise from
752 cubic kilometres (km3)/year in 1995 to an estimated 1,170
km3/year in 2025, at which time the industrial component is expected
to represent about 24 percent of total freshwater withdrawal.

One consequence of trade liberalization and the globalization of
industry has been the migration of manufacturing industries from
high-income countries to lower-income countries, sometimes by the
simple relocation of production plants. In this way, industrial
technologies developed in relatively water-rich regions are inherited
by communities in areas where water may be a more scarce
commodity or where governments are less able to match
infrastructure growth to increasing demand. In these ways, both
water stress and conflicts between users are likely to increase. The
poorest groups in society, who typically have greatest difficulty in
negotiating fair access, may be increasingly marginalized as conflicts

increase. It is necessary now to consider precautionary and innovative
approaches to prevent irreparable loss or damage to water resources.

On a global scale, however, industry may not be the most
significant source of pollutants responsible for reductions in water
quality. The runoff of agricultural inputs and untreated sewage from
human communities create more widespread degradation of water
resources (Kroeze and Seitzinger, 1998). In addition, the direct
discharge of contaminants into water bodies is not the only vector
by which industry degrades water quality at this scale.

Many of the chemicals and compounds discharged by industry
as gaseous emissions have the potential for long-range transport,
dispersal and deposition. This mechanism is recognized as an
important factor in the degradation of fresh and marine waters in
non-industrial regions and has stimulated a variety of multinational
environmental agreements such as the Convention on Long-Range
Transboundary Air Pollution and the Stockholm Convention on
Persistent Organic Pollutants.

Global estimates of emissions of organic water pollutants by
different industry sector are shown in figure 9.2. Inevitably, those
industries based on organic raw materials are consistently the most
significant contributors to the organic pollutant load with the food
and beverages sector representing the most important polluter across
the income range of the countries surveyed. Wood-based industries,
including pulp and paper, and textiles are also important contributors,
their respective values being determined by the relative importance
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of different industry sectors in the different country income groups.

Nevertheless, the location of industry in human settlements
means that the industrial contamination of resources used for water
supply is a common feature across the globe. It follows that
considerable advances may be possible where successful local and
regional initiatives can be shared and replicated. Land-based activities
have a significant impact on coastal zone and, through long-range
marine transport, may represent a global problem (see box 9.1).

In the high-income country group, it has been estimated that
more than half of total freshwater abstractions are used for cooling
in thermoelectric plants (Vassolo and Dall, 2002). Much of this water
is returned without significant quality impacts at global and regional
scales but with a persistent temperature increment that impacts on
local ecosystems (see chapter 10 on energy for more details).

In high-income countries, industry has grown up to take advantage
of local raw materials, including surface and groundwater resources
of good quality, so that the regional distribution of industry reflects
their geographical distribution. Although this pattern has become
blurred by socio-economic factors, many examples remain. In these
countries, water management is increasingly based on the holistic
assessment of resources, supply and demand at the basin scale (EEC,
2000). This incorporates both consideration of potentially conflicting
demands and encouragement of proper valuation of water through
strict control of abstractions and rewards for efficient use. In general,
a high proportion of the population has reliable and non-contentious
access to good-quality water. In recent years, the real and
transparent valuation of water resources has been encouraged as
the management of the water industry has passed progressively to
private sector corporations keen to establish 'bankable’ assessments
of resources and appropriate charging regimes. In these cases, the
licensing of water enterprises needs to emphasize sustainable supply
and protection of resources as principal objectives rather than short-
term profit; this is particularly important for groundwater where
robust resource estimates may be difficult to determine.

The development of integrated approaches to water management
has coincided with the progressive transfer of manufacturing industry
to developing countries and has resulted in the reduction in industrial
water abstraction in high-income countries. Water management in
formerly heavily industrialized regions in these countries now faces
the challenge of rising groundwater levels and flooding. In many
cases, this rising groundwater is recharging shallow aquifers last
saturated many decades ago. Here the quality of this ‘new" water
resource may be reduced as it encounters contaminants that have
infiltrated over the years from industrial sources above.

In lower-income countries, while primary industries such as
mining are located so as to exploit natural resources, manufacturing

industries may not be so dependent. Relatively small and
impoverished local markets mean that much of this industry is
export-led and located to take advantage of low production costs -
particularly low labour rates and advantageous taxation regimes -
and ease of shipment of products. In these circumstances,
responsibility for water resource development may be divorced from
investment or industrial development planning or becomes a
‘bargaining chip' during investment negotiations. In many cases,
perceived needs for economic and social development drive local
governments to subsidize or assume supply-side responsibilities,
placing additional burdens on local resources and infrastructure.

This problem may be exacerbated by the rapid, and often
informal, growth of urban centres as people move to take up new
employment opportunities. Local water resources and existing
supply and wastewater treatment infrastructure may be
overwhelmed by these changes. In this way, the well-intentioned
sustainable development objectives of economic and industrial
policies are undermined, with the most vulnerable sectors of society
suffering further loss of access to good-quality water resources.

The concentration of industry on major transboundary rivers is
an important factor in the degradation of regional water quality.
Two forms of quality impairment of surface waters can be
discerned:

chronic quality impairment, whereby industry continuously
discharges poorly treated or untreated contaminants so that
pollutant loadings increase or high loadings are maintained over
a long period of time; and

acute quality impairment, whereby a catastrophic failure in
industry generates extreme pollutant loadings in an uncontrolled
but relatively short-lived event.

Chronic quality impairment is usually the result of a lack of
dedicated treatment plants or because the industrial discharges
are treated communally in municipal facilities unsuited for the
purpose. In addition, the overall effectiveness of municipal
facilities may be significantly impaired by the inclusion of
uncontrolled mixed industrial pollutant loads. Different legal
instruments have been formulated to deal with chronic quality
issues (e.g. the Helsinki Convention on the Protection and Use of
Transboundary Water Courses and International Lakes) and many
projects developed by regional governmental groupings and their
development partners.

Acute quality impairment typically results from inadequate
safety management either of production processes or of production
wastes. The failure of a waste impoundment structure at the Baia
Mare mine in Romania provides an example (see box 9.2).
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The Gulf of Guinea is one of the world's most productive
marine areas, rich in fishery resources, oil and gas
resources, and precious minerals, and an important global
reservoir of marine biological diversity. It is bordered by
countries in West and Central Africa adjacent to the
Atlantic Ocean where pollution from residential and
industrial sources has affected its waters and resulted in
habitat degradation, loss of biological diversity and
productivity, and degenerating human health.

To reverse this trend the countries of the region have
adopted an integrated and holistic approach, applying the
large marine ecosystem concept to the sustainable
management of the regional environment and its living
resources. Their communal project, ‘Water Pollution
Control and Biodiversity Conservation in the Gulf of Guinea
Large Marine Ecosystem’, financed by the Global
Environment Facility (GEF), recognized that pollution from
land-based sources contributes most of the pollution flux
to the Gulf and placed high priority on the assessment,
prevention and control of this pollution. An initial
environmental survey used fish, benthic invertebrates and
other biological indicator species to measure pollution
effects on the marine and coastal ecosystems.

A major focus of the project was on industrial-
pollution control. A rapid, semi-quantitative assessment of
the land-based sources of pollution in the region was
undertaken in each participating country. Industries
situated within the 30-50 kilometres strip of the shoreline
in the countries were assessed in terms of the
manufacturing processes employed, the types and
quantities of waste generated, and the nature of waste
treatment and discharge practices.

The results of the survey demonstrated:
an absence of pollution abatement infrastructure in the
region leading to uncontrolled discharge of untreated
wastes and effluents;

an absence of common effluent discharge standards;

an absence of environmental impact assessment, or
environmental auditing during operation;

insufficient human and material resources assigned to
monitoring and enforcement;

inadequate financial resources for implementation and
compliance enforcement;

an absence of reliable data and information in
topographical maps with Global Positioning System
(GPS) coordinates of the selected industries; and

insufficient public awareness of pollution issues.
These assessments have provided the basis for:

elaborating suggestions to improve industrial
performance through the adoption of cleaner
production methodologies and improved production
process technology;

the establishment of national cleaner production
centres;

the development of strategies and policies to
encourage reduction, recycling, recovery and reuse of
industrial wastes;

the formulation of a draft version of the Regional
Effluent and Discharge Standard; and

collaborative Integrated Coastal Zone Management
(1CzM) planning to regulate development in the region.

A pilot initiative in Ghana, the Waste Stock Exchange
Management System, incorporating reuse and recycling
philosophies to reduce waste input to the coastal and
freshwater environments, was enthusiastically embraced by
manufacturing industries with the slogan ‘one person’s
waste, another person's raw material'. Cleaner production
methodologies are being transferred to industries based
on coastal lagoons in the Accra and Tema areas via a
demonstration project led by the United Nations Industrial
Development Organization (UNIDO).
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The Baia Mare (Romania) accident that took place in
January 2000 drew international attention to the Tisza
River when an earth dam impounding gold-mine wastes
failed, releasing tons of cyanide-contaminated slurry to
the Szamos River and then through the Tisza River to the
Danube and the Black Sea.

The transboundary nature of the problem required an
integrated approach to water resource management,
based upon consideration of the river basin as an entity,
combined with capacity-building, which can serve the
needs of all stakeholders. Continuing protection and
enhancement of the environment has to be ensured
through the encouragement of a precautionary approach
that requires the consideration of environmental risks in
industrial planning and operation.

UNIDO is currently implementing a pilot project to
promote an integrated approach to risk management in
the Tisza River basin within the international legal
framework of the European Union Water Framework
Directive (EEC, 2000), the Seveso Il Directive on the
control of major-accident hazards involving dangerous
substances (EEC, 1996b) and the OECD recommendation
on the prevention of, and response to, accidents
involving hazardous substance (OECD, 1988).

The project aims to support Tisza basin countries in:

applying precautionary principles to industrial water
pollution;

Groundwater resources may be irreversibly reduced by both of

improving emergency preparedness and response to
accidental releases of toxic substances into the environment;

improving communication between industry, government
and community stakeholders with regard to risks and

emergency systems;

developing, with industry, practical preventative measures
that can be implemented quickly; and

transferring safe technology with hands-on experience.

Immediate project objectives are to:

perform quantitative risk assessment of water
contamination at selected industrial sites;

assess gaps of the existing monitoring and Early Warning
System (EWS) with respect to EU regulations;

identify risk mitigation measures reducing both the
frequency of occurrence of a water-polluting accident and

the magnitude of the associated consequences;

develop recommendations for external emergency plans
and communication; and

train identified actors and local communities.

these mechanisms as opportunities to remediate aquifers are more
restricted. Additionally, the draw-down of freshwater levels in
shallow aquifers by non-sustainable abstraction for coastal centres
of population and industry may lead to saltwater intrusion,
rendering these resources unsuitable for production.

At the local level, inefficient water use and wastages by enterprises
are the product of:

the lack of technical capacity within the management of both
government departments and enterprises;

an understandable unwillingness to hinder industrial and
economic performance; and

the use of obsolete, inefficient or inappropriate technologies.
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In many cases, industrial managers in middle- and lower-income
countries are unaware of where and why water is being used in
their enterprises. Its consumption may not be measured beyond its
initial entry point so that management of its use at individual
stages in the production process is not possible. For these reasons,
water consumption is taken as an ‘inevitable' cost, rather than as
one of the array of manufacturing inputs that can, and should, be
managed to maximize efficiency and minimize waste.

Encouraging change within industry cannot be done effectively
by government-imposed regulation and licensing alone, particularly
in developing countries where there are limited resources to monitor
industrial performance. Rather, such policies need to be reinforced
by schemes to improve the skills of managers and production staff
so they are aware of both the environmental and economic
advantages of using water resources carefully and efficiently. Such
education, combined with the introduction of simple systems to
determine water use and distribution, can lead to dramatic
reductions in volumes consumed, often with little capital investment
and initially without technological changes.

Of course, in many middle- and low-income countries, a large
proportion of total employment and industrial effort may be
concentrated in small- and medium-scale enterprises drawing water
from domestic supplies. It is likely that this water demand is largely
uncontrolled and unmeasured. Schemes to improve the water
management skills within enterprises operating at these scales need to
be integrated in general entrepreneurship development and may be
particularly pertinent to women's groups as these are well represented
amongst small-scale entrepreneurs and stand to gain most by release
from water-gathering chores or from reductions in water pollution.

In a similar way, pollutant loadings of water discharged by
enterprises can be significantly reduced by raising awareness of the
value of raw material inputs being discharged as waste; capturing
and recycling dyes from textile rinsing waters will, for example,
reduce the biological oxygen demand (BOD) of discharged waters
and increase the efficiency of dye use within the enterprise -
thereby providing both environmental and economic gains.

Inevitably, pollutant loads cannot be eliminated by such
methods. End-of-pipe treatment will remain a requirement. The
capital investment for such plants can be derived, at least in part,
from efficiencies made through the introduction of cleaner
production methodologies and the progressive introduction of
environmentally sound technologies and management practices. In
this manner, industry is positively engaged in approaches to the
sustainable use of water and other natural resources.

Monitoring and developing indicators can be powerful tools to review
and benchmark current environmental and economic performance at
global, regional and local scales. They need to be able to evaluate
trends and to indicate areas of concern where appropriate policies,
assistance and investment strategies need to be developed. Data
availability and reliability are necessary precursors to the derivation
of robust indicators of current patterns of industrial water use.

At the global scale, present data relating directly to industry
impacts on water resources may not be adequate for this purpose
as they:

are available for too few parameters;
have been collected at different times and by different methods;
represent estimates derived from a range of indirect data sources;

do not adequately discriminate between industrial and other uses
for water; and

do not adequately discriminate between gross and net water
consumption, which is particularly important with regard to water
used in cooling thermoelectric plants, the bulk of which may be
quickly available for reuse.

World Development Indicators 2001 tables of freshwater resources
and industrial water pollution probably represent the most complete
set of industry- and water-related data at the global level. The World
Water Resources and Their Use database provides valuable data on
renewable water resources and water use by region. Within these
datasets, many of the individual data points require qualification,
reducing the value of overall assessments; definitions of industrial
use are inconsistent and vary from country to country while water
quality data, for example, may refer to any year from 1993 to 1998
and are estimated as the product of estimated sectoral emissions per
unit employment and sectoral employment numbers.

Other data sources, such as AQUASTAT and data published in The
World's Water web site,! provide information on freshwater and
industrial withdrawals share, but these sources do not significantly
change the global picture of water demand. Industry impacts on water
are not yet adequately discriminated within other systems, such as that
operated by the World Meteorological Organization (WMO), the Global
International Water Assessment (GIWA) and the Global Environment
Monitoring System, Freshwater Quality Programme (GEMS/WATER), both
managed by the United Nations Environment Programme (UNEP).

1. http://www.worldwater.org/
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Nevertheless, the available data can be considered as a starting
point for the development of indicators of demand-side performance.
A crude index representing the economic value (in USS) obtained by
industry per cubic metre (m3) of water is obtained by comparing the
quantity of freshwater consumed by industry each year and the
Industrial Value Added (IVA) - at constant 1995 USS (World Bank,
2001).2

The transformation of water quality data into indicators presents
many of the same difficulties described above. In addition:

estimation methodologies relate to particular industrial
technologies and employee productivity rates that may be
inappropriate, particularly in developing countries;

BOD is not a total measure of industrial impacts on water quality
as some contaminants do not affect BOD;

industrial impacts are not only created from direct discharges to
local water courses; and

local and regional variations in water chemistry play a role in
determining the ability of an ecosystem to ‘cope’ at different
BOD levels.

Indicators developed for the regional or basin scale are mainly
focused on the identification and evaluation of ‘hot spots’, the
preparation of risk assessments and basin management plans.
Indicators are needed to raise awareness and develop consensus
among the different stakeholders and identify priorities for action.
Many regional indicators are developed from dedicated datasets
obtained by water monitoring networks. To obtain good statistics
and reliable data for analysis and planning, it is not only necessary
to establish such networks, but also to maintain them so that long-
term changes in water availability and quality can be detected. This
implies that ownership of monitoring initiatives established within
the context of development agency programmes must be
successfully passed to national or basin water managers.

Although planning may be focused at the regional scale, it is at
the local level that the performance of individual enterprises can be
influenced. Hot spots of water stress identified by the regional
monitoring described above, may be addressed by reference either
to international benchmarks, set by consideration of best available
techniques, or, perhaps more likely for developing countries, by
establishing local ‘relative’ benchmarks based upon existing
performance. This approach is adopted, for example, by the cleaner
production methodologies used by a number of international
development agencies.’

Initial estimates of the industrial water productivity (industrial value
added per cubic metre of water used) gained by countries in the
different incomes classes of the World Development Indicators 2001
are given in table 9.1 and shown graphically in figure 9.3. Although
there is considerable variation within each class, not least created
by data difficulties described in the previous section, the different
income groups fall into overlapping - but distinct - fields,
particularly when revalorized on a per capita basis. The following
broad conclusions may be drawn:

for any given volume of water used by industry, the high-income
users derive more value per cubic metre of water used than
lower-income states;

lower-income states can achieve similar water productivities as
developed countries but do so only at significantly smaller total
volumes of water used by industry;

as total water consumption by industry increases, water
productivity appears to fall in each income class; and

economic growth from ‘low-income’ through 'lower-middle-
income’ to ‘upper-middle-income’ countries appears to have
been achieved largely by additional consumption without
significantly increased water productivity. It may, therefore, be
limited by the availability of the resource.

Clearly, these conclusions must be treated with caution for the
following reasons:

There is considerable variation within each country income class
with, in some classes, a small number of countries providing a
considerable proportion of the total economic value.

There are significantly different industry profiles across the
countries sampled.

Industry sectors based upon organic raw materials and
addressing local markets may be heavily dependent on water but
may have only limited opportunities for highly geared economic
value addition.

2. Tables 3.5 and 4.2 in World Development Indicators, 2001.
3. UNIDO-UNEP National Cleaner Production Centres Programme.
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Table 9.1: Industrial water efficiency

Total annual freshwater Industrial Value Added IVA/Industrial
withdrawal (IVA), in million Population, annual withdrawal
Country in billion m® % for industry®® uss ® in millions¥ (US$ /m¥/capita)®
Algeria 45 15 22,618 30 1.1
Angola 0.5 10 4,182 12 7.26
Argentina 286 9 77,171 37 0.84
Armenia 29 4 1,029 4 2.14
Austria 2.2 60 76,386 8 7.14
Azerbaijan 16.5 25 1,213 8 0.04
Bangladesh 14.6 2 11,507 128 0.31
Belarus 27 43 9,543 10 0.81
Benin 02 10 333 6 359
Bolivia 14 20 1,529 8 0.68
Botswana 0.1 20 2,593 2 58.94
Brazil 54.9 18 231,442 168 0.14
Cameroon 0.4 19 2,360 15 2.07
Central African Republic 0.1 6 21 4 13.46
Chad 02 2 233 7 8.75
Chile 214 1" 24,385 15 0.70
China 525.5 18 498,292 1,254 0.00
Colombia 8.9 4 23,120 42 1.40
Congo, Dem. Rep. 0.0 27 852 3 26.29
Costa Rica 58 7 4,456 4 2.88
Cote d'lvoire 0.7 1 3,039 16 2.47
Croatia 0.1 50 4,995 4 31.22
Czech Republic 25 57 20,512 10 1.42
Denmark 0.9 9 40,142 5 100.23
Dominican Republic 8.3 1 5,530 8 16.58
Ecuador 17.0 6 6,535 12 0.57
Egypt, Arab Rep. 55.1 8 22,221 63 0.08
El Salvador 0.7 20 3,158 6 357
Estonia 0.2 39 1,494 1 23.88
Ethiopia 22 3 726 63 0.17
Finland 24 82 48,807 5 4.89
Gabon 0.1 22 2,752 1 208.45
Gambia 0.0 2 50 1 83.74
Georgia 35 20 378 5 0.11
Germany 46.3 86 760,536 82 0.23
Ghana 0.3 13 1,927 19 2.60
Guatemala 1.2 17 3,468 1 1.60
Guinea 0.7 3 1,431 7 9.21
Guinea-Bissau 0.0 4 46 1 63.33
Haiti 1.0 1 641 8 13.62
Honduras 1.5 5 1,234 6 2.1
India 500.0 3 113,041 998 0.01
Indonesia 74.3 1 85,633 207 0.56
Iran, Islamic Rep. 70.0 2 34,204 63 0.37
[taly 57.5 37 323,494 58 0.27
Jamaica 09 7 1,619 3 8.33
Jordan 1.0 3 1,738 5 10.43
Kenya 20 4 1,325 29 0.57

Korea, Rep. 23.7 1 249,268 23 416
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Table 9.1: continued

."G:J
c Total annual freshwater Industrial Value Added IVA/Industrial
(«D) withdrawal (IVA), in million Population, annual withdrawal
(aa) Country in billion m3 (" % for industry2 uss @ in millions¥ (US$ /m¥/capita)®
-$ Kyrgyzstan 10.1 3 699 5 0.46
— Latvia 0.3 32 1,627 2 8.7
(@) Lithuania 0.3 16 2,156 4 13.56
E Malawi 09 3 288 11 0.82
Qv Malaysia 12.7 13 43,503 23 1.14
> Mali 14 1 580 " 3.88
Ll Mauritania 163 2 284 3 032
b Mauritius 0.4 7 1,419 1 57.13

8 Mexico 77.8 5 96,949 97 0.25
~ Moldova 30 65 508 4 0.07
— Mongolia 0.4 27 362 2 1.56
7 Morocco 111 3 12,558 28 140
s | Mozambique 0.6 2 1,020 17 4.92

© Namibia 0.3 3 N 2 57.12
E Netherlands 7.8 68 116,700 16 1.37
— New Zealand 20 13 15,683 4 15.08
(D] Nicaragua 13 2 538 5 397
c Niger 05 2 376 10 376
8 Nigeria 40 15 14,918 124 0.20

U Norway 20 68 47,599 4 8.61

Pakistan 155.6 2 14,685 135 0.04
on Panama 16 2 1,561 3 19.84

. E Papua New Guinea 0.1 22 1,779 5 16.17
"5 Paraguay 0.4 7 2,334 5 15.51
E Peru 19.0 7 20,714 25 0.61
o Philippines 55.4 4 26,364 74 0.16
— Poland 121 67 47,846 39 0.15
o Russian Federation 771 62 97,800 146 0.01

Rwanda 0.8 1 356 8 413
Senegal 15 3 1,235 9 3.05
Sierra Leone 0.4 4 170 B 2.30
Slovak Republic 14 50 7,036 5 2.01
Slovenia 05 50 7.337 2 14.67
South Africa 133 " 49,363 42 0.81
Sri Lanka 9.8 2 3,862 19 1.04
Sweden 27 30 74,703 9 10.07
Tanzania, United Republic of 1.2 2 928 33 1.15
Thailand 33.1 4 64,800 60 0.81
Togo 0.1 13 309 5 5.21
Tunisia 28 2 6,297 9 13.01
Turkey 355 1 51,575 64 0.20
Turkmenistan 238 1 2,957 5 2.49
Uganda 0.2 8 1,191 21 3.55
Ukraine 26.0 52 17,854 50 0.03
United Kingdom 9.3 8 330,097 60 7.10
Uruguay 42 3 5,703 3 15.61
Uzbekistan 58.0 2 4,340 24 0.16
Venezuela 41 10 30,083 24 3.12

Viet Nam 54.3 10 9,052 78 0.02
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Table 9.1: continued

Total annual freshwater

withdrawal
Country in billion m3
Yemen 2.9
Zambia 1.7
Zimbabwe 1.2

(1) Data refer to any year from 1980 to 1999.

(2) Withdrawal shares are mostly estimated for 1987.

(3) US constant dollar 1995, data for 1999 .
(4) Data estimated for 1999.

(5) Population is expressed in millions, US constant dollar 1995.

Industrial Value Added
(IVA), in million Population,
% for industryl? uss® in millions"¥
1 1,683 17
7 996 10
7 2,005 12

IVA/Industrial
annual withdrawal
(US$ /m3/capita)®

3.07
0.84
1.96

The industrial water productivity shows the economic value (in US$) obtained annually by industry per cubic metre of water used. Very high differences can be noted, between high-income
countries such as the United Kingdom, showing a per capita industrial water efficiency of US$ 7.10/m3, and many low-income countries, such as Moldova, with only US$ 0.07/m?. Observe,
however, that countries having small populations or highly specialized industries (high-value gems, tourism) — such as Gabon, Namibia or Mauritius — have also achieved high productivity.

Source: World Bank, 2001.

Figure 9.3: Industrial Value Added from water use for main income classes of countries
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Source: World Bank, 2001.
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= Consumption of water for cooling thermoelectric plants
represents a considerable proportion of water abstracted in the
high-income group of countries.

= The data have been measured in different ways, in different
years or have been estimated from other economic statistics.

Information on the industrial degradation of water quality through
emissions of organic water pollutants is given in section 3.6 of World
Development Indicators 2001. This provides BOD data, the widest and
most reliably measured indicator, for a range of countries together
with the estimated shares contributed by various industry sectors.
The data also indicate the change in BOD loadings with time.
Comparisons of data for 1980 and 1996 indicate that while BOD
loadings for high-income countries have been reduced, those in
middle- and low-income countries have risen substantially. The data
also indicate that the contributions of two developing countries -
India and China - are statistically significant within the overall data,
with China contributing 32 percent and India 8 percent of estimated

global emissions of organic water pollutants in 1996.

Many actions to restrict inter alia industry impacts on water
have been undertaken by the international community and have led
to multinational environmental agreements such as the Global Plan
of Action for the Protection of the Marine Environment from Land
Based Activities (GPA), the Mediterranean Action Plan (MAP), the
Basel Convention and the Stockholm Convention.

Reducing industry impacts at a basin scale

Map 9.1 shows the distribution, by river basin, of water withdrawals
for manufacturing industry. Assessing demand-side concerns in this
way, rather than subdivided by political boundaries, enables
transboundary risks and conflicts to be identified and managed on
the basis of natural hydrological units. The map demonstrates the
correlation between levels of industry withdrawals and areas of high
population density; in particular, parts of India, much of eastern
China, the eastern seaboard of the United States and Canada, much of
Europe and central Russia, the Nile basin in Africa, and the Middle East.
The water bodies in many of these areas suffer from water stress.

Map 9.1: Water withdrawals for manufacturing industries according to drainage basins
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This map demonstrates the correlation between levels of industry withdrawals and areas of high population density, such as India, eastern China, the eastern seaboard of the

United States and Canada.

Source: Map prepared for the World Water Assessment Programme (WWAP) by the Centre for Environmental Research, University of Kassel, based on data from WaterGAP, Version 2.1.D.
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In the Danube River basin, regional agreements in 1991 and
1994 have resulted in the Convention on Cooperation for the
Protection and Sustainable Use of the Danube River, or
Danube River Protection Convention (DRPC). This took effect in
1998, securing the legal basis for protecting water resources.
It has been ratified by eleven parties: Austria, Bulgaria,
Croatia, Czech Republic, Germany, Hungary, Moldova,
Romania, Slovakia, Slovenia and the European Union (EU).

The main objective of the convention is cooperation of
the parties concerned in taking appropriate legal,
administrative and technical measures to maintain and
improve the environmental and water quality conditions of
the Danube River and its catchment. This includes, among
others:

the improvement and rational use of surface water and
groundwater;

pollution reduction from point and non-point sources;

the reduction of pollution loads entering the Black Sea;
and

the development of accident prevention and response
measures.

The middle and downstream Danube countries with
economies in transition (Bulgaria, Croatia, Hungary, Romania
and Slovakia) are facing serious economic and financial
problems in responding to the objectives of the convention
and in implementing pollution reduction and environmental
protection measures, such as the for European Union
Integrated Pollution Prevention and Control (IPPC) Directive
(EEC, 1996a), required for accession to the EU.

To assist them, the GEF-funded Pollution Reduction
Programme for the Danube River basin identified those

major manufacturing enterprises contributing the bulk of
transboundary pollution, predominantly in the form of
nutrients and/or persistent organic pollutants. One
hundred and thirty such ‘hot spots’ were identified. The
Transfer of Environmentally Sound Technology (TEST)
project, begun in 2001, is taking up the challenge of
demonstrating to selected industries in these countries
that it is possible to respect environmental standards
while maintaining or enhancing their competitive position.

Eco-efficiency indicators have been developed as:

a benchmarking tool to help industry to monitor, assess
and improve financial and environmental performance;

a step towards the introduction of environmental
accountability and a wider diffusion of environmental
corporate responsibility; and

an encouragement towards the development,
endorsement and implementation of an Environmental
Management System (EMS).

The endorsement of such an EMS and, ultimately,
ISO014001 registration demonstrates the commitment of an
enterprise to take the actions necessary both to comply
with legal requirements and to make industry
environmentally friendly by continued improvements in
environmental performance through the responsible use of
energy, water and raw materials.

The sustainability of the TEST programme is assured by
two capacity-building objectives; transferring
environmental management skills to industry both
demonstrates the economic advantages of environmental
compliance and builds demand for environmental services.
This demand is satisfied by the locally available skills.
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A successful basin-wide strategy to alleviate industry impacts on
the water environment has been implemented in the Seine-
Normandy basin in which 40 percent of France's national industrial
production is concentrated (see chapter 19). The integrated
management strategy complies with the European Water Framework
Directive (WFD) that requires member states to prepare a water
management plan by river basin to protect aquatic ecosystems,
drinking water resources and bathing water on the basis of a
combined approach that requires both source pollution control and
the setting of water quality targets for the receiving environment.

International action to address water stress and chronic water
quality issues at the regional scale have resulted in the
development of multinational agreements supporting standing
bodies for the planning and management of a number of
transboundary basins and river systems. The ratification of the
Danube River Protection Convention (DRPC) represents an example
of this approach (see box 9.3).

An example of actions to prevent future acute water quality
concerns arising from industrial activity is given by work being
undertaken in the catchment of the largest tributary of the Danube,
the Tisza River (see box 9.2).

Developing countries have the challenge and the opportunity to
take advantage of such experiences and instigate integrated
approaches to the management of water resources at the regional
scale. A relevant example of this can be seen in Sri Lanka (see
chapter 18), where most water abstraction is used for agricultural
purposes, but where the industrial development proposed to alleviate
poverty will result in rapid socio-economic transformation and
significantly higher demand for water. Water scarcity is currently a
major concern and wastewater effluents have already contaminated
water bodies and affected domestic water supply. Industrialization
and increasing population pressure are expected to worsen current
conditions and threaten ecosystem well-being unless integrated
management strategies, that include land planning, infrastructures
enhancements, the development of legal and regulatory frameworks,
and capacity-building are planned and put into action.

The concentration of industry and population in the coastal zones of
many developing and transitional economy countries, in particular
tropical developing countries, has given rise to an alarming rate of
destruction of critical coastal habitats. Toxic industrial discharges, solid
and liquid urban wastes, destructive fishing, sediment inputs from land
construction activities and dam development, mangrove conversion for
aquaculture and agriculture development, coral mining, sand filling and
canalization in wetlands, groundwater draw-down and aquifer salination,
and so on, are producing long-term changes, especially in coastal water

quality. These affect the ecological efficiency, sustainability, biological
productivity and health of the environment and threaten the ability of
coastal ecosystems to sustain their primary functions.

Coastal zones are especially vulnerable as they represent a
receiving point for the pollution flux transported through the river
system from land-based activities within the catchment. The particular
physico-chemical conditions operating at the interface of fresh and
marine waters serve to concentrate much of this pollutant load.
Nevertheless, coastal ecosystems form a continuum with river basins
so that integrated management of the latter provides important and
tangible benefits to coastal systems and the livelihoods of those
dependent on their natural riches (UNEP, MAP, PAP, 1999).

UNIDO has recognized the importance of reducing pollutant loads
arriving in coastal zones from industrial sources within river basins, and
has adopted the strategy of preventing or reducing pollution at source
by facilitating the introduction of best environmental practices to key
developing countries industries. UNIDO has also provided technical
assistance to some developing countries in the Gulf of Guinea basin of
West and Central Africa in the introduction and adoption of policies
and strategies focusing on Integrated River Basin Management (IRBM)
and Integrated Coastal Zone Management (ICZM) for the protection
and management of coastal and freshwater resources (see box 9.1).

Many countries have moved to incorporate precautionary and polluter
pays principles within water governance. However, a large number of
developing countries lack the resources necessary for preventive
planning or, indeed, for regular monitoring and enforcement. As a
result, the application of these principles is at best only responsive in
character, often based on concerns and complaints raised by local
communities. This situation is inadequate because:

it does not prevent excessive water use or the impairment of
water resources;

only ‘obvious' pollution is addressed and important but ‘invisible’
pollution may be missed;

considerable delays may occur between pollution events and
remediation;

water authorities may not have the technical capacity to identify
individual polluters or, in some countries, liability may belong to,
or have passed to, government; and

some communities do not have access to industry, due to
political boundaries, for example.
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For these reasons, actions to use water efficiently and to eliminate
contaminating discharges must be based on precautionary actions
positively engaging industry in the sustainable development agenda.
This requires the consideration of water governance issues, and
implies the development of consensus between community, industry
and government actors, early on in planning and investment
processes. Within industry, a progressive package of environmentally

sensitive improvements needs to be incorporated into production
management and combined with the raising of technical capabilities
at all levels.

In high-income countries preventive methodologies have long
been incorporated into the ‘toolkit' of the production manager as all
manufacturing inputs and emissions have economic implications.
This is less true of developing countries and countries with

Leather-making is a significant source of income in most
African countries but it is also a major cause of industrial
pollution. Processes in tanneries are very water intensive
and tannery wastewater carries a large amount of spent
chemicals as well as organic matter. Cleaner technologies
and better housekeeping and production practices can
help reduce water use and chemical consumption as well
as wastewater contamination. Nonetheless, end-of-pipe
water treatment is essential in containing the adverse
environmental impact of the leather industry.

UNIDO has been assisting Africa's leather industries
over the last three decades and, since 1988, has provided
assistance in pollution control to some thirty tanneries in
Ethiopia, Kenya, Malawi, Namibia, Sudan, Uganda, the
United Republic of Tanzania, Zambia and Zimbabwe. These
activities confirm that a mix of waste management and of
cleaner technologies (such as high-exhaustion chrome
tanning, low sulphide dehairing, carbon dioxide deliming,
wet-white processing) makes the tanning industry more
environmentally friendly; increases productivity; reduces
costs; cuts water, energy and chemical consumption; and
strengthens the manufacturer's image amongst
consumers. For example, using conventional technologies,
up to one-third of the chrome used in tanning ends up in
the effluent; with high-exhaustion chrome tanning
technology these effluent loads are reduced as 90 percent
of the chrome is taken up in the leather. In consequence,
less chrome is required.

The overall benefits from these projects are expected
to be reduced water consumption and a significant
reduction in the main components of the effluent load.
Evidence from work to date indicates that chemical oxygen
demand (COD) and BOD values can be reduced by up to
60 percent while suspended solids, chromium and sulphide

can be reduced by more than 90 percent. The introduction
of improved ‘house-keeping’ during production, including
better process controls, reduced overall water consumption
by more than 14 percent in an Ethiopian tannery.

End-of-pipe water treatment represents a last but
important mitigation strategy. Improving or installing
treatment facilities and capacity-building for monitoring of
the effluent treatment process are important components
of most projects.

New ways of treating effluents and reducing solid
waste volumes have also been developed. At the
Zimbabwe Bata Shoe Company, a small-scale anaerobic
digester of tannery sludge has been successfully tested.
The results confirmed the feasibility of installing a facility
capable of handling 150 m3 of sludge per day resulting in
zero solid waste but generating biogas that could be used
as an energy source. The tannery wastewater is collected
in a small pond and from there gradually discharged into a
larger pond where Spirulina algae thrive on what is left
of the effluent pollution load and make the pond a
natural environment hospitable to fish, frogs and other
aquatic life.

In Kenya, increasing human and industrial pollution to
Lake Nakuru over the past two decades resulted in a
significant deterioration in water quality and a sharp
decline in the flamingo population. Nakuru Tanners,
situated in the immediate vicinity of Lake Nakuru National
Park and a major exporter of wet-blue leather products,
joined the pollution control efforts in the area and cleaner
production and effluent treatments led to substantial
reductions in polluter indicators. In 1998, flamingos began
to return to the lake in large numbers and most scientists
agree that some of the credit is due to the pollution
control efforts made by the tannery.
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economies in transition. Subsidiaries of multinationals may benefit
from the in-house transfer of skills while local industries linked to
transnational supply chains may be contractually obliged to take up
such improvements. In many countries, these represent a relatively
small proportion of the national industrial effort. For this reason,
considerable efforts are made by countries and their international
development partners to transfer cleaner production, environmental
management systems, and the application of best available practices
to governments and industry at all scales.

Cleaner production methodologies seek to generate
improvements within the manufacturing cycles of industry leading to:

significant reductions in industry emissions;

more efficient production providing considerable reductions in the
raw materials consumption; and

improved product quality.

In this way, cleaner production provides a number of key commercial
incentives for companies to participate in the proactive consideration
of environmental benefits even where regulatory drivers are weak.

Capacity-building in cleaner production methodologies is
delivered through demonstration, or sector-related projects, often as
part of integrated programmes of industry support to member
countries. A global network of National Cleaner Production Centres
(NCPC) has been established jointly by UNIDO and UNEP. Qver
twenty such centres are in operation worldwide, with more being
established. The centres provide practical technical assistance and
training to industry managers, supporting service providers and the
staff or regulatory authorities. In addition, trainees benefit from
access to information and experience gained by other centres of the
global network and related institutions around the world.

An example of the successful promotion and diffusion of cleaner
technologies is proved by the results achieved in Africa by projects
with the leather and footwear industry (see box 9.4). The
improvements in terms of reduced water demand and of better
effluent quality confirm that a mix of cleaner technologies and
waste management makes tanning industry more environmentally

A tenfold return on an initial investment of US$62,000 has
put the Thien Huong Food Company on a steady, cleaner
production course that has already yielded impressive
environmental and business benefits.

The company, one of the largest food manufacturers in
Ho Chi Minh City, faced a daunting double challenge in
1998. The management was under growing pressure to
improve the economic performance of the company. At the
same time it had been singled out as a major pollution
culprit in a large residential area and been entered into the
‘Black Book' of the city's environmental authorities.

The same year, Thien Huong joined a UNIDO cleaner
production project carried out in cooperation with the local
department of science, technology and environment. A task
team led by the production manager was established. Assisted
by local and international experts, the team conducted a
thorough analysis of the waste streams generated by the
various operations entailed by the production of instant
noodles - the company's most important product. The
purpose was to find ways of reducing the pollution load by
changing or fine-tuning manufacturing processes.

The scrutiny resulted in sixty-two cleaner production
options. Twenty-four of them, mostly low-cost or no-cost
measures, were selected for immediate implementation
and supported by:

closely monitoring key production inputs, including
materials, water and energy; and

the introduction of a shop-floor incentive system for
meeting efficient resource utilization targets.

By December 1999 the factory wastewater volume had
been cut by 68 percent with a concomitant 35 percent
reduction in organic pollution as well as a significant drop
in gas emissions.

At least equally compelling were the business benefits.
While the application of the twenty-four options cost the
company a total of US$62,000 it saved a total of
US$663,700. In addition to cost savings, the cleaner
production measures improved product quality and
consistency, lengthened the shelf life of the product, and
helped increase production capacity by 25 percent.
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Over the last few decades, artisanal gold mining activities
have increased steadily and account now for approximately
one-quarter of total world gold output. Despite the
current low gold price, this gold rush in the artisanal
sector continues. In many developing countries, artisanal
gold mining has become a major safety valve, cushioning
the worst effects of structural adjustment, recession and
drought by providing people in the rural areas with an
alternative way of securing a livelihood.

However, water siltation resulting from small-scale gold
mining along rivers has resulted in a decrease of the fish
population and has made water unfit for human consumption
in regions where this resource was already scarce.

Most small-scale miners use mercury amalgamation to
prepare final gold concentrates. Mercury is one of the most
toxic substances in the world with long-term and far-
reaching effects causing significant damage to the
environment and to the health of people who handle it. The
mercury released into watercourses travels long distances
and can be transformed by micro-organisms into more toxic
forms (methyl-mercury), which then enter the food chain.

It is estimated that 2 to 5 grams of mercury are
necessary to produce 1 gram of gold and that, with the
methods currently used, all this mercury is lost to the
environment. In addition to mercury discarded or spilled
directly into streams and rivers during the amalgamation
process, a considerable volume of mercury vapour is
released each year to the atmosphere. Much of this
quickly returns with rain to the river ecosystem.

The environmental impacts resulting from mercury use
by the artisanal mining sector require concerted and

friendly, increases productivity, reduces costs by cutting water,
energy and chemical consumption, and strengthens the
manufacturer's image. Water savings made in this way may be
allocated to other uses while improved water quality restores
ecosystem functioning and potable water resources.

A similar experience in food-processing enterprises in Viet Nam
indicates that significant reductions in water consumption in
emissions can be achieved by introducing cleaner production
methodologies, often with little or no capital investment in early
stages (see box 9.5).

coordinated global responses. In recent years, UNIDO has
developed projects to address the problem in Ghana, the
Philippines, the United Republic of Tanzania and Zimbabwe.
Through training campaigns, miners are informed of the
dangers of mercury, are trained in improved mining and
processing practices, and are made aware of the need to
protect water resources, both for their own use and for the
use of communities living downstream. Alternative cleaner
techniques to amalgamation are demonstrated on-site and
the technology then transferred to local manufacturers.
Retorts, which allow the recycling of mercury during the
burning process are introduced, thereby reducing
environmental releases and reducing overall mercury
consumption. Local laboratory capacities are also enhanced
to monitor the environmental and human health impacts of
the mining activity on the rivers. UNIDO also assists
governments in the development of monitoring and
enforcement programmes.

UNIDO has recently won approval for GEF funding for a
global project that plans to address mercury pollution
caused by small-scale mining activities undertaken in Brazil,
Indonesia, Lao PDR, Sudan, the United Republic of
Tanzania and Zimbabwe as well as seeking to reduce
mining-related risks to international water bodies such as
Lake Victoria, the Amazon, Mekong, Nile and Zambezi
Rivers and the Java Sea. The strength of this global project
lies in the exchange of experience between the countries
and the facilitation of technology transfer. The project will
reduce the environmental burden of artisanal gold mining
on watercourses and public health while at the same time
improving the skills and income of small-scale miners.

The introduction of cleaner technologies for the artisanal gold
mining activities (see box 9.6) provides an example of actions to
address local water contamination issues where the hazard is less
obvious to industry and affected communities. Improving the
management of mercury within the gold amalgamation process
reduces consumption and significantly reduces mercury releases to

the environment, reducing risks to both human and ecosystem health.
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At the local level, it is recommended that future actions and
initiatives focus on:

identifying positive drivers and economic benefits to engage
Requirements and recommendations for future actions and initiatives industry in proactive environmental management;
include, at the global level:
developing voluntary and consensus agreements between
developing more robust water consumption indicators based on industry, its regulatory authorities and surrounding communities
verifiable statistics to aid the identification of key problem issues in order to develop balanced dialogues concerning water use;
and areas of concern;
identifying data collection needs and developing sensitive
including industrial water efficiency, water reuse and recycling indicators useful to industry and its regulators; and
indicators with those for water stress;
developing cleaner production initiatives by adopting new and
developing more robust water quality indicators including water-efficient technologies.
parameters beyond BOD;

focusing global action on the improvement of industrial
performance with regard to water in those countries most at risk

from water scarcity and use conflicts: and Some 20 percent of the world's freshwater abstraction is currently

used by industry, corresponding to about 45 litres per day per
person. Globalization, with its accompanying move of labour
industries from high-income to low-income countries, is creating high
water demand outside of its abundant sources, often in urban areas.
Furthermore, lower-income states derive less value per cubic metre
of water used than high-income states, and economic growth from
low-income through lower-middle-income to upper-middle-income
countries appears to have been achieved largely by additional
consumption without significantly increased water efficiency.

Information on the industrial degradation of water quality is
given by the emissions of organic water pollutants; comparison of
data for 1980 and 1996 indicating that while BOD loadings for
high-income countries have been reduced, those in middle- and
low-income have risen substantially.

identifying existing technologies and developing new technologies
of use in improving the water-related performance of key industry
sectors such as food processing, wood-based industries and textiles.

At the regional level, future actions and initiatives should focus on:

developing collaborative and consensual governance schemes and
multinational agreements to protect river basins, transboundary
waters and water bodies isolated from centres of industry;

mainstreaming water demand management into industry and
investment planning and regulation;

focusing industrialization strategies on sectors appropriate to
regional water resource availability;

establishing sustainable water governance and monitoring to
enable the application of precautionary approaches and the
recognition of the significant incremental cost penalties of
remediation; and

diffusing and promoting the precautionary approach to industry
as an economic driver for change.
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Progress since Rio at a glance

Agreed action

Progress since Rio

Increase concern about, and awareness of, the need and effect of industries on water resources

Promote treatment, recycling and safe reuse of industrial wastewater

Develop clean technologies, including control of industrial waste discharges

Moderate
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Some Useful Web Sites*

United Nations Environment Programme (UNEP): Cleaner Production Activities
http://www.uneptie.org/pc/cp/
Information on cleaner production and UNEP's related activities.

United Nations Industrial Development Organization (UNIDO): Industrial Development Abstracts
http://www.unido.org/IDA.htmls
Source of information on the activities of UNIDO to assist industrialization in developing countries. Indexed abstracts of UNIDO
documentation and descriptions of major studies and reports.

United Nations Industrial Development Organization (UNIDO): Section on Cleaner Production
http://www.unido.org/en/doc/5151/
Presentation of documents and projects related to cleaner production.

United Nations Industrial Development Organization/Organization for Economic Cooperation and Development
(UNIDO/OECD): Industrial Statistics
http://www.unido.org/en/doc/3474/
Databases, publications, industrial country statistics compiled by UNIDO with the help of OECD.

World Bank: New Ideas in Pollution Reduction (NIPR)
http://www.worldbank.org/nipr/
Primary source for materials produced by the World Bank's Economics of Industrial Pollution Control Research Project.

* These sites were last accessed on 6 January 2003.



http://www.uneptie.org/pc/cp/
http://www.unido.org/IDA.htmls
http://www.unido.org/en/doc/5151/
http://www.unido.org/en/doc/3474/
http://www.worldbank.org/nipr/

Current and Future Energy and Water Demands
Demographic changes

The Role of Energy in Meeting Development Targets
Generating income to overcome poverty

Universal primary education

Gender equality and women's empowerment

Health

The Challenges for Electrification
Rural and urban energy needs

Use of energy in rural areas

Hydropower Water and Energy Generation
Worldwide electricity production by hydropower

Principal physical requirements
Characteristic elements of hydropower

Small-scale hydropower
Grid system/local supply
Advantages/disadvantages of small-scale hydropower

Environment
Hydropower implementation

250
250

250
250
250
251
251

252
252

252

254
254

257
257

259
259
259

259
260



248 /| CHALLENGES TO LIFE AND WELL-BEING

Small hydropower development in industrialized countries: the EU case 261

Selected cases for small hydropower development in developing
countries

Other Forms of Water/Energy Generation
Ocean energy
Geothermal energy

Conclusions

References

Some Useful Web Sites

261

262
262
262

264

265

266




DEVELOPING ENERGY TO MEET DEVELOPMENT NEEDS / 249

M. King Hubbert, Resources and Man

NERGY, ESPECIALLY IN ITS MOST COMMON FORM of electricity, is
central to our daily lives and productive capacity. Yet many
people live their lives without electrical power. As a result, they
pay a heavy toll in health, time spent gathering alternative sources of
fuel for cooking, for example, and often gruelling labour. Water is used
in most means of generating power, and in many countries hydropower
is the only really sustainable source. This chapter assesses the
contribution that water makes to our lives and livelihoods through
energy, and the impact that the production of energy has on people

and the environment.
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INCE THE RIO EARTH SUMMIT, the crucial role of energy as a component in sustainable development has been

widely recognized. Although Agenda 21 did not have a chapter specifically devoted to energy, its comprehensive

programme for action to achieve sustainable patterns of production and consumption revealed how closely such
aims are linked to the availability of affordable energy. As more energy for domestic, industrial and agricultural use is
required, the demand for electricity in particular will be even greater.

According to the United States Energy Information Administration,
world electricity consumption is expected to rise by 73 percent
between 1999 and 2020, making electricity the fastest-growing
form of energy. This growth will be driven mainly by developing
countries.

However, according to the United Nations Development
Programme (UNDP), at present 2 billion people have no electricity at
all, 1 billion people use electricity from uneconomic sources (dry cell
batteries, candles, kerosene) and 2.5 billion people in developing
countries, mainly in rural areas, have little access to commercial
energy services (UNDP, 2002).

Developing countries with low material resources incur heavy
debts in foreign currency by having to import fuels for power
generation and transport. Capital invested in the energy sector is
one reason for the high debts of developing countries. In these
nations, people living in poverty often pay a higher price per unit of
energy services than the rich.

When energy and fuel supplies are absent, limited or too
expensive, overall development aims are thwarted: employment
prospects are poor; women spend a disproportionate amount of
time fetching water and gathering fuel and so cannot participate
fully in the community; the poor remain trapped in their poverty;
provision of education and health services is hindered and economic
growth is slowed. Lack of energy supplies can be seen therefore as
a major threat to economic and social sustainability. However,
meeting greater energy requirements to allow for the development
of poorer countries must not be done at the expense of the
environment: clean, environmentally friendly solutions are needed.

While energy is crucial to many development aims, it is still only
one part of the overall picture. In power generation, energy and
water objectives, concerns and constraints converge.

The need to increase access to energy and water applies to both
urban and rural areas. Urban and peri-urban needs are of growing
importance because of both the internal expansion of cities with their
high birth rates, and the ever-increasing migration of rural people to
towns in search of improved livelihood prospects. As reported in
chapter 7 on water for cities, the urban population is expected to

grow by 1 billion in the less developed countries between 2000 and
2020, thus overtaking rural population figures (UN, 2000). Rural
electricity supply in many developing countries is often hampered by
low population densities, the limited purchasing power of rural people
and the absence of decentralized supply options.

Electricity plays an important part in lifting people out of poverty. It
is an essential resource for the emergence of small-scale
entrepreneurial and industrial initiatives. Off-farm manufacturing can
generate more income if reliable energy is available for
mechanization, lighting and heating. Rural electricity services help
promote non-farming and non-timber-based enterprises, thus
creating opportunities for cash-generating activities and diversifying
rural economies. Urban, small-scale business and micro-enterprises,
in areas where levels of unemployment are very high, are often
urban dwellers’ only way out of poverty and are dependent on
access to electricity.

Yet sources of electricity are still often costly, both in economic terms
and in the levels of environmental pollution they cause. Grid electricity
has the best cost-benefit ratio for lighting: a study in Indonesia showed
that it is not only less costly than kerosene (112 rupiahs a month versus
218) but it also provides ten times more light (Peskin and Barnes,
1994). It is also much cheaper than car batteries for powering a
television or a radio set in a poor rural household. Given the projected
scale of increasing urbanization by 2015, it is clear that grid electricity
will be an essential factor in helping to raise income levels.

Availability of modern energy services frees children's - and
especially girls' - time from helping with survival activities
(gathering firewood, fetching water). Girls are likely to be kept
home from school to help with household chores when women are
overburdened and this contributes to the perpetuation of female
poverty. Electricity enables good-quality lighting for home study or
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evening classes. It also allows access to educational media and
communications (Information and Communication Technologies
[ICTs]) in schools and at home, thus increasing educational
opportunities and allowing distance learning. All in all, energy can
help to create a more child-friendly environment (access to clean
water, sanitation, lighting and space heating/cooling) thus improving
attendance at school and reducing drop-out rates.

Lack of energy services creates particular hardships for women since
they are generally responsible for gathering fuels and performing
household duties involving energy use such as cooking. Supplies of
traditional fuel sources such as wood are being rapidly diminished
and degraded due to a combination of economic and environmental
pressures. Women often have to spend a great deal of time and
physical energy searching for fuel far from home and hauling it back
over long distances. This added investment of women's time and
effort is necessary for the survival of families, but is not generally
taken into account in calculating national energy needs and
expenditures. These chores often leave little time for productive
employment, education, community involvement or other activities
beyond what is necessary for survival. Therefore it is obvious that a
lack of energy services and infrastructure (water supply systems)
limits women's productive and community development activities.
Only a functioning infrastructure including energy and water supply
allows women to escape this vicious circle because it frees up their
time; having access to lighting in the evening makes it possible for
them to pursue educational and entrepreneurial opportunities.

Women in developing countries have a lot of knowledge about
traditional fuels, and those who are educated about energy
alternatives can also play important roles as educators and activists
in energy efficiency, renewable energy sources and better uses of
traditional fuels within energy projects.

Women's micro-enterprises (an important factor in household
income as well as in women's welfare and empowerment) tend to
be either heat-intensive (food processing) or light-intensive (labour-
intensive home industries with work in the evenings). Lack of
adequate energy supplies and other coordinated support for these
activities affects women's ability to operate these micro-enterprises
profitably and safely (Cecelski, 2000).

Some 3 billion people worldwide rely on biomass fuels and coal for
their cooking and heating needs. Of these, about 800 million
depend on agricultural residues and animal dung as sources of fuel
due to severe wood-fuel shortages. Biomass accounts for 80 percent
of all household fuel consumption in developing countries, most of
it for cooking, which is done primarily by women.

Traditional low-efficiency cooking stoves produce a number of
pollutants associated with incomplete combustion including fine
particulates, carbon monoxide and carcinogenic compounds such as
polycyclic aromatic hydrocarbons. Exposure to these pollutants can
lead to acute respiratory infections, chronic obstructive lung
diseases, lung cancer and eye problems. Exposure to these
pollutants has also been linked with pregnancy-related problems
such as stillbirths and low birth weight. One study in western India
found a 50 percent increase in stillbirths associated with the
exposure of pregnant women to indoor air pollution, which most
likely contributes to excess heart disease as well. Other than these
health problems, indoor air pollution is associated with blindness
and changes in the immune system. A 1995 study in eastern India
found the immune system of newborns to be depressed due to the
indoor air pollution.

The official number of deaths among children under five is
10.8 million for the year 2000, 19.4 percent of which are due to
acute respiratory infection. Estimates suggest that as much as 60
percent of the global burden of acute respiratory disease is
associated with indoor air pollution and other environmental factors.

When fuel is scarce, the health of the whole family suffers as
there is less cooked food prepared and less ability to boil water. The
contributions of clean energy, particularly electricity, to health can
be summarized as follows.

It helps provide nutritious cooked food, space heating and boiled
water, contributing to better health.

It enables pumped clean water and purification.

It can be safer (less burns, accidents and house fires).

It helps provide access to better medical facilities for maternal
care including medicine refrigeration, sterilization, electronic
medical equipment and access to up-to-date medical

information.

In health centres, it enables night availability, helps retain
qualified staff and allows equ