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Water is life, in all forms and shapes. This basic yet profound truth eluded many of us in the

second half of the 20th century. Water professionals and scientists around the world were

ringing the alarm bells of an impending water crisis. Vet attempts to address some of the

issuesor to offer partial solutions met with limited success.

As the world population increased and urbanisation and industrialisation took hold, the

demand for water kept rising while the quality continued to deteriorate. Water scarcity

afflicted many more nations, and accessto clean drinking water and sanitation remained

poor. A decline in public financing and a rise in transboundary water conflicts made these

problems worse. But awarenessof the problems was limited to the few on the "inside," in

the water sector. We start the new century with a water crisis on all accounts.A concerted

effort and extraordinary measuresare needed to face the challenges head on.

From its inception the World Water Council has understood the dimensions of the world

water crisis. TheCouncil realized th at a first step towards solving this crisis is the develop

ment of a shared vision on world water for the long term. TheLong Term Vision for Water,

Life, and Environment in the 21stCentury-or World Water Vision, for short-was introduced

during the World Water Council's first World Water Forum in Marrakech, Morocco, in 1997.

TheMarrakech Declaration gave the Council the mandate to develop sucha Vision. Planning

and preparation went at full speed in 1997and 1998.By the summer of 1998preparation of

the Vision commenced in earnest.

This Report is the culmination of the Vision development exercise. The monumental work

was carried out under the direct responsibility of William J. Cosgrove,director, and FrankR.

Rijsberman, deputy director, of the Vision Management Unit, World Water Council. We are

very grateful for their tireless efforts, patience, perseverance,and diligence in managing,

synthesising, and editing th is text.
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The World Water Council also acknowledges the tremendous support and exceptional con

tribution to the development of the World Water Vision by staff of the Vis ion Management

Unit, members of the Vision Management Committee of the World Water Council, members

of the Thematic and Scenario Panels, and members of the World Commission on Water for

the 21st Century-the World Water Commission-and its senior advisors.

Special thanks go to Ismail Serageldin for chairing the World Water Commission and for

mobilising resourcesand the media in support of the Vision. Thiswork would not have been

possible without the generous financial support of the government of the Netherlands. Our

gratitude also goes to Bert Diphoorn, Koos RichelIe, and their colleagues at the Ministry of

Foreign Affairs. We acknowledge the excellent service and support provided by the Water

ScienceDivision of the United Nations Educational, Scientific, and Cultural Organization for

hosting the Vision Management Unit. Many other organisations madefinancial, intellectual,

and other contributions to the Vision, and their contributions are much appreciated.

It is not possible to list here all those who contributed professionally and with devotion to

the World Water Vision. Their enthusiasm and dedication make this work a unique contribu

tion in the history and development of the world's water resources.

Thiswork is dedicated to the children of the world, becausewe did not inherit the world from

our parents-we borrowed it from our children.

Mahmoud A. Abu-Zeid

President of the World Water Council

Minister of Water Resourcesand Irrigation

Giza,Egypt

Word from the President of the World Water Council



Yes, water is life. Every human being, now and in the future, should have enough clean water

for drinking and sanitation, and enough food and energy at reasonable cost. Providing ade

quate water to meet these basic needs must be done in an equitable manner that works in

harmony with nature. For water is the basis for all living ecosystems and habitats and part

of an immutable hydrological cycle that must be respected if the development of human

activity and well-being is to be sustainable.

We are not achieving these goals today, and we are also on a path leading to more crises and

problems for a larger part of humanity and many more parts of the planet's ecosystems.

Business as usual leads us on an unsustainable and inequitable path.

To address these issues, the World Water Council convened a World Commission on Water for

the 21st Century--or World Water Commission, for short-that was cosponsored by all the

United Nations agenciesworking onwater anddevelopment. I havehad the privilege of chair

ing this distinguished Commission. I have also had the privilege of working with an excel

lent team, the Vision Management Unit of the World Water Council, headed by two

remarkable individuals, the authors of this Report.

The World Water Vision exercise, carried out under the guidance of the World Water

Commission, has involved many thousands of women and men in an extraordinary partici

patory exercise over an 18-month period. Thesepeople contributed to an unprecedented

effort to increaseawarenessof the water crisis that affects billions of people already. More

than 40groups of people around the world haveworked on the development of their visions

of sustainable management of water in their region or sector. Their reports are published

separately. Together all these people will not only increaseworldwide water awareness,but

will also shape public policy on water in the 21st century.
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This Report is the tip of the iceberg. It reflects the visions of many in a single, global state

ment. I commend the authors. They did a superb job of producing four rapidly evolving ver

sions of the World Water Vis ion in an open, transparent process through which hundreds of

people reviewed their drafts and provided extensive comments. Even more, they were the

engine behind the Vis ion exercise, shaping the process, raising funds, motivating people to

participate, and believing-as I did-that the impossible ought to be done in just 18 months.

This Report and the many associated documents that it draws on were essential inputs into

the deliberations of the World Water Commission and in the formulation of the recommen

dations contained in the Commission's report. World Water Vision: Making Water Everybody's

Business is timely. It is authoritative. And I am convineed that it will contribute to changing

our world water future.

Ismail Serageldin

Chairman

World Water Commissionon

Water for the 21st Century

Word from the Chairmanof the World Water Commission vii
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In recent years it has become evident that there is achronic, pernicious crisis in the world's
water resources. Participants at the first World Water Forum-held in Marrakeeh, Morocco,
in 1997 and sponsored by the World Water Council-called for a World Water Vision to
increase awareness of the water crisis and develop a widely shared view of how to bring

about sustainable use and development of water resources. The World Water Council
responded and developed the World Water Vision as its main programme.

TheWorldWater Vision draws on the accumulated experience of the water sector, particularly
through sector visions and consultations for Water for People (Vision21;WSSCC1999),Water
for Food and Rural Development, Water and Nature, and Water in Rivers. Professionals and
stakeholders from different sectors have developed integrated regional visions through
national and regional consultations covering Arab countries, Australia and NewZealand, Baltic

states, Canada, Central America and the Caribbean, Central Asia, China, the Danube Basin, the
Mediterranean basin, the Nile basin, North America, the Rhine basin, South America, South
Asia, Southeast Asia, Southern Africa, and West Africa. In addition, there were special projects
on Interbasin Water Transfers; River Basin Management; A Social Charter for Water, Water,
Education; and Training, Water and Tourism; and Mainstreaming Gender Issues.

The participatory process th at led to the WorldWater Vision makes it special. Since 1998 some
15,000women and men at the local, district, national, regional, and globallevels have shared
their aspirations and developed strategies for the sustainable use and development of water

resources. The Internet made these consultations possible in a short timeframe. As the Vision
evolved, more networks of civil society groups, nongovernmental organisations (NGOs),
women, and environmental groups joined the consultations that influenced this Report. The
diverse backgrounds of participants-authorities and ordinary people, water experts and
environmentalists, government officials and private sector participants, academies and

NGOs-offered a wide range of views. So, this is not an academie exercise-it is the start of
a movement.
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The participatory consultations will continue at the Second World Water Forum, being held

at The Hague in March 2000. Many of the participants in the Vision exercise will have the

chance to meet thousands of other interested stakeholders, including ministers from most

countries, to discuss the solutions proposed in this Report and in dozens of other documents

prepared as part of the Vision process. Over the coming months and years participants from

the forum will develop action plans to implement the recommendations of the World Water

Commission and the strategies herein.

The World Water Vis ion hopes to inspire women and men to overcome obstacles and achieve

fundamental changes. lts message is for everybody-particularly the leaders and profes

sionals who have the power and knowledge to help people turn visions into reality. It chal

lenges those directly affected by the water crisis to initiate action and to call on their leaders

to bring about sustainable water resource use and development.

The Vision recognises th at people's roles and behaviours must change to achieve sustainable

water resource use and development. The main actors will be individuals and groups in

households and communities with new responsibilities for using water and water-related ser

vices. Public authorities will need to empower and support them and carry out work that

households and communities cannot manage for themselves. Water professionals and envi

ronmentalists will provide these stakeholders with the information they need to participate

in decisionmaking and will help implement their decisions. Working together, these groups

can achieve this Vision.

World Water Vision: Making Water Everybody's Business, prepared by the staff of the Water

Vision Unit for the World Water Council, complements the many documents being published

by sector and regional consultation groups. It synthesisesmany findings, bringing together

water issueson agiobal scale. (Theanalytical parts are published separately in a document

called World Water Scenarios: Analysis.) The Vision exercise involved thousands of people
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over an 18-month period. Women and men from around the world have participated in hun

dreds of meetings to formulate and discuss their local, national, regional, and sector visions

for water in the 21st century. This Report is based on the visions developed in those consul

tations, on the documents generated by this process, and on the feedback and comments

received. A listing of the partner organisations and some of the meetings, along with an

overview of the background documents, is provided in the appendix.

TheWorld Water Commission's report, signed by its members, also draws on many of these

findings and exercises. But it is independent, and does not constitute a summary of these

efforts. Thepositions on what constitutes a desirabie future for water use and development

at the global level, as contained in its report, were determined by the Commission in meet

ings at TheHagueon 29-30 November 1999.ThisReport is intended to be consistent with the

Commission's recommendations.

The analysis of current and future water resource availability and use described in chapters

2 and 3 is based largelyon the work of the ScenarioDevelopment Panel (seeappendix) and

the modelIers of the International Water Management Institute in Colombo, Sri Lanka; the

International Food Policy Research Institute in Washington, D.C.; the Centre for

Environmental Systems Researchof the University of Kassei in Germany; the Stockholm

Environment Institute, Sweden;and the RussianState Hydrologicallnstitute in St. Petersburg.

In addition, sector and regional vision documents were the sourcesfor many boxesandanaly

sesthroughout the Report (seeappendix).

TheGlobal Water Partnership (GWP)was the key partner in the World Water Vision exercise.

During the fist phase the GWPstrongly supported the Vision exercise through regional com

mittees that becamethe coordinators and facilitators of regional vision consultations. During
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There is a water crisis today. But the crisisis not about having too little
water to satisfy our needs. It is a crisisof managing water

so badly that billions of people-and the environment-suffer badly

Alilife on earth has depended on water since the first single-cell organisms appeared 3.5 bil
lion years ago-consuming energy, growing, reproducing. From that time until very recently
in geological history, there was a balance between the needs of life and the available water.
Humans appeared as a species less than 100,000years ago. Sometime less than 10,000years
ago we developed stone tools, learned that we could cultivate our own food instead of just
gathering it, established civilisations, and began migrating long distances.

In the past 200 years our numbers grew exponentially-more people to be fed, and more
water needed byeach person for economie development. In the past 100 years the world
population tripled, but water use for human purposes multiplied sixfold! Today perhaps
half of all available freshwater is being used for human ends-twice what it was only 35years
ago. Looked at another way, all freshwater serves human needs, because ecosystems provide
goods and services to humanity beyond the obvious water for drinking, food production, and
industrial uses. Thinkof the fish we eat, the benefits we enjoy from natural flood protection,
and the water quality brought by healthy, functioning aquatic ecosystems.

Today's water crisis-and tomorrow's

There is a water crisis today. But the crisis is not about having too little water to satisfy our
needs. It is a crisis of managing water so badly that billions of people-and the environment
suffer badly.

The most obvious uses of water for people are drinking, cooking, bathing, cleaning, and
for some-watering family food plots. This domestic water use, though crucial, is only a
small part of the total (box 1). Worldwide, industry uses about twice as much water as
households, mostly for cooling in the production of electricity. Far more water is needed
to produce food and fibre (cereais, fruits, meat, cotton). We are not sure how much water



Executive Summary

Providing six times more water now than 100 years
ago has significant impacts on people
and the environment

, C Water-renewable and usabie

• Greenwater-the rainfall that isstored in the soiland evaporatesfrom
it-is the main soureeof water for natural ecosystemsand for rainfed
agriculture, which produces60% of the world's lood.

• Blue water-renewable surface water runoff and groundwater
recharge---is the main source for human withdrawals and the tradi
tional focus of water resourcemanagement.

• The blue water available totals about 40,000 cubic kilometresa year.
Of this, an estimated 3,800 cubic kilometres, roughly 10%, werewith
drawn (diverted or pumped) for human usesin 1995.

• Of the water withdrawn, more than 2,000 cubic kilometres are con
sumed.Theremainder is returned, usuallywith significantreductionsin
quality.

Not all renewable water resources are usa bie

• Of global water resources,a large fraction is availablewhere human
demandsare smalI,suchas in the Amazon basin,Canada,and Alaska.

• Rainfalland river runoffs occur in largeamountsduring veryshort peri
ods, suchasduring the monsoon seasonin Asia,and are not available
for human useunlessstored in aquifers, reservoirs,or tanks.

• Thewithdrawal and consumption figures do not show the much larger
shareof the water resources"used" through degradation in quality
polluted and of lower value downstream.

• Water not usedby humansgenerallydoes not flow unusedto the sea.
Insteadit isusedin myriadwaysbyaquatic andterrestrialecosystems
forests, lakes,wetlands, coastallagoons.

And:

• Even though people use only a small fraction of renewable water
resourcesglobally, the fraction is much higher in manyarid and semi
arid river basinswhere water isscarce.

• In many tropical river basinsa large amount of water is availableonly
for short periods, so either it is not usabieor massiveinfrastructure is
required to store it for later use,with considerablesocialand environ
mental impacts.

• In many temperate zone river basinsadequatewater resourcesare dis
tributed fairly evenlyover the year but used sointensivelythat surface
and groundwater resourcesbecome polluted and good-quality water
becomesscarce.

Souree: World Water Vision stalf.

must remain in our ecosystemsto maintain them, but indica
tions are that we are approaching-and in manyplaceshave
surpassed-the limits of how much water we can divert.

xx World Water Vision

Providingsix times more water now than 100 yearsago has
significant impacts on people and the environment. The cup
is half full:

• A major investment drive, the International Drinking
Water Supply and Sanitation Decade(1981-90) and its
follow-up-Ied by national governmentsand supported
through international organisations-ended with safe
and affordable drinking water for 80% of the exploding
world population and sanitation facilities for 50%.

• Major investmentsin wastewater treatment over the past
30 yearshavehalted the declinein-even improved-the
quality of surfacewater in manydevelopedcountries.

• Food production in developing countries has kept pace
with population growth, with both more than doubling
in the past 40 years.

• Inperhapsthe biggestachievementof the century,risingliv
ing standards,better education,and other socialand eco
nomieimprovementshavefinallyslowedpopulationgrowth.

But it is also half empty:

• An unacceptablylargepart of the world population-one
in five-does not have accessto safe and affordable
drinking water, and half the world's people do not have
accessto sanitation. Eachyear3-4 million people die of
waterborne diseases,includingmore than 2 million young
childrenwho die of diarrhoea.

• More than 800 million people, 15% of the world popu
lation and mostly women and children, get less than
2,000 calories a day. Chronically undernourished, they
live in permanent or intermittent hunger.

• Much economie progresshascome at the cost of severe
impacts on natural ecosystemsin most developed and
transition economies. Half the wortd's wetlands were
destroyedin the 20th century,causingamajor 1055 of bio
diversity.Many riversand streamsrunning through urban
centresare dead or dying. Major rivers-from the Yellow
Riverin Chinato the Coloradoin NorthAmerica-are dry
ing up, barely reachingthe sea.

• Water services-irrigation, domestic,and industrial water
supply,wastewater treatment-are heavilysubsidisedby



While much has been achieved, today's water crisis is widespread.
Continuing current policies for managing water will

only widen and deepen that crisis

most governments. This is done for all the right reasons
(providing water, food, jobs) but with perverse conse
quences. Users do not value water provided free or almost
free-and so waste it. Water conservation technologies
do not spread. Incentives for innovation remain weak.

• Unregulated access, affordable smal I pumps, and sub
sidised electricity and diesel oil have led to overpumping
of groundwater for irrigation and to drops in groundwa
ter tables of several metres a year in key aquifers. As much
as 10% of global annual water consumption may come
from depleting groundwater resources.

• In most countries water continues to be managed sector
by sector by a highly fragmented set of institutions. This
system is ineffective for allocating water across purposes,
precludes effective participation of other stakeholders,
and blocks integrated water resource management.

The conclusion: while much has been achieved, today's water
crisis iswidespread. Continuing current policies for managing
water will only widen and deepen that crisis.

What business as usual portends: severe stress

Because of population growth, the average annual per capita
availability of renewable water resources is projected to fall
from 6,600 cubic metres today to 4,800 cubic metres in 2025.
Given the uneven distribution of these resources, some 3 bil
lion women and men will live in countries-wholly or partly
arid or semi-arid-that have less than 1,700 cubic metres per
capita, the quantity below which people start to suffer from
water stress. Also by 2025 an estimated 4 billion people, or
more than half the world population, will live in countries
where more than 40% of renewable resources are withdrawn
for human uses-another indicator of high water stress under
most conditions.

In developing countries higher incomes and increased access
lead to greater household water use per capita, multiplied by the
greater number of people. Meanwhile, economie growth
expands electricity demand and industrial output, leading to a
large increase in water demanded for industry. Even though
water may be used more efficiently in households and industry,
increased use overwhelms these improvements. Providing food
to the growing population and ending hunger remain the largest
challenge in the quantities of water demanded. The result is a
projected large increase in water withdrawals in the agricultural,
industrial, and domestic sectors of the developing world.

Adding together the trends in developed and developing
countries under business as usual increases global water with
drawals from 3,800 cubic kilometres in 1995 to 4,300-5,200
cubic kilometres in 2025. The difference largely depends on
how much irrigated agriculture does or does not expand.

This increase in water withdrawals implies th at water stress
will increase significantly in more than 60% of the world,
including large areas of Africa, Asia, and Latin America. Will
this lead to more frequent and more serious water crises?
Assuming business as usual: yes.

Moving from crisis to Vision

Whether the water crisis deepens and intensifies-or whether
key trends can be bent towards sustainable management of
water resources-depends on many interacting trends in a
complex system. Real solutions require an integrated
approach to water resource management.

Crucial issuesthat may provide levers for very different futures
include:

• Limiting the expansion of irrigated agriculture.

• Increasing the productivity of water.
Under business as usual, with present policies continuing,
economie growth to 2025 in developed and transition • Increasing storage.
economies tends to increase water use. But this increase
can be offset by efficiency improvements and the satura- • Reforming water resource management institutions.
tion of water demands in industry and households. In addi-
tion, the amount of irrigated land stabilises, and water for • Increasing cooperation in international basins.
irrigation is used more efficiently. As aresuit total water
withdrawals can-and should-decline. Extrapolating cur- • Valuing ecosystem functions.
rent trends of water quality does not present a rosy picture,
however. • Supporting innovation.

Executive Summary xxi



Executive Summary

Themore food we produce with the same amount of water,
the less the need for infrastructure development,
the less the competition for water, ...

Renewable water use in the World Water Vision

In our Vision the water for irrigated agriculture is drastically limited, with 40% more food produced (partly from rainfed agri
culture) consuming only 9% more water for irrigation. Industrial use goes down in developed countries, but the decline is more
than offset by increases in the developing world. Municipal use goes up sharply in developing countries, to provide a minimum
amount for all, and down in the developed world. Recycling and increased productivity lower the ratio of water withdrawn to
water consumed for all uses.

Cubickilometres Percentageincrease
User 1995 2025 1995--2025
Agriculture
Withdrawal 2,500 2,650 6
Consumption 1,750 1,900 9

Industry
Withdrawal 750 800 7
Consumption 80 100 25

Municipalities
Withdrawal 350 500 43
Consumption 50 100 100

Reservoirs(evaporation) 200 220 10
Total
Withdrawal 3,800 4,200 10
Consumption 2,100 2,300 10

Groundwater
overconsumption 200 0

Souree: Table4.1.

In the World Water Vision the increasein water usefor irri
gated agriculture has to be drastically lirnited. with 40%
more food produced (partly from rainfed agriculture) but
only 9% morewater consumedfor irrigation (tabie 1).A sig
nificant decline in industrialwater usein developedcountries
is more than offset by increasesin the developing world.
Municipal use goes up sharply in developing countries, to
provide a minimum amount for all, and down in the devel
oped world. Recyclingand higher productivity reduce the
amount of water withdrawn to meet consumption needsfor
all uses.

Limiting the expansion of irrigated land
The rate of expansionof irrigated land isthe most important
determinant of water stress, at least the stress related to
quantity. Thereare two contrasting viewson how the trend
in irrigatedagriculture'sexpansionwill continueor bend,with
important stakeholdersweighing in on both sides.

The conventional wisdom in agriculture, basedon the need
to producefood for the growing world population, isthat irri
gated agriculture will have to keep pace-and therefore
expandby 20-30% in areaby 2025. Theother perspective-
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supported by environmentalistsand by some stakeholdersin
agriculture-holds that a slowdown in dam building and irri
gation investments, combined with the consequences of
dropping groundwater tables,will limit the expansion in irri
gated area to 5-10%.

Neither alternative is attractive

• Unattractive alternative 7. A 30% increase in irrigated
area would require major investments in water infra
structure, a largeportion of which would haveto involve
large dams. There would likely be severe water
scarcities-and serieusrisksof deteriorating ecosystems.

• Unattractive alternative 2. Astrong reduction in irrigation
expansion-under otherwiseunchangedpolkies. or busi
ness as usual-will cause considerable food shortages
and rising food prices.

Both alternatives-each unattractive and unsustainable
would considerablydeepen today's water crisis. So there is
every motivation to implement polkies that make food pro
duction and water resourcemanagementmore sustainable.



the greater the local food security, and the more water
remains for household and industrial uses.

And the more that remains in nature

Making water more productive: more erop per drop
The more food we produce with the same amount of water,
the less the need tor infrastructure development, the less the
competition for water, the greater the local food security, and
the more water remains for household and industrial uses.
And the more th at remains in nature.

That is why the productivity of water use must be dramatically
improved. Our Vision relies on meeting about half the
inereased demand for agricultural water use in 2025 by
inereasing water productivity, taking many opportunities for
improving the management of water. Recycling, widely
prevalent, still holds potential for saving water. Gains are also
possible by providing more reliable supplies to farmers
through precision technology and feedback irrigation
systems.

In the green revolution, getting more erop per drop came
from introducing shorter-duration and higher-yielding erop
varieties.' Adding fertilisers and expanding irrigation have
also pushed up yields and water productivity.

How can productivity be further improved in agriculture-the
largest water user? The same conditions should be introduced
as elsewhere: payment for water services, accountability of
managers to users. and competition among public and pri
vate suppliers. Then there are the technical and management
options to imprave productivity.

First, through ever better agronomic practices, the traditional
focus of agricultural research:

• Improving erop varieties. Plant breeding, possibly aided
by biotechnology, plays an important mie in develop
ing more drought resistant varieties or varieties that
yield more mass per unit of water consumed by
transpiration.

• Substituting crops. Switching to a crop that consumes less
water or switching to a crop with higher economic or
physical productivity per unit of transpiration.

• Improving cultura/ practices. Better soil management, fer
tilisation, and pest and weed control increase the pro
ductivity of land and aften of water consumed.

And second, deserving more attention, through better water
management:

• Improving irrigation water management. Better timing of
water supplies can reduce stress at critica I erop growth
periods, increasing yields. This requires making irrigation
system management responsive to the needs of farmers.

• Using more deficit, supp/ementa/, and precision irrigation.
With water under better control, it is possible to use more
productive on-farm practices. Deficit irrigation is aimed at
inereasing productivity per unit of water with irrigation
strategies that do not meet full evaporative requirements.
Having irrigation supplement rainfall can inerease the pro
ductivity of water when a limited supply is made available
to crops at eritical periods. Precision irrigation-using
water-conservation technology as weil as'better informa
tion and communication technologies-can reduce non
beneficial evaporation, apply water uniformly to erops,
and reduce stress.

• Rea//ocating water from /ower- to higher-va/ue uses.
Shifting from agriculture to municipal and industrial
uses-or from low-value to high-value crops-can
inerease the economie productivity or value of water.

The keys to increasing food production without a major
inerease in water use wililikely be to increase yields in rainfed
agriculture and to close the yield gap by increasing yields
where they are far below their biological and technical poten
tial. Neither of these strategie directions will be easy or cheap.
But limits to the water available for agricultural expansion
may weil force our hand.

Inereasing storage
The other half of increased demand for water for food and
rural development will have to be met by developing addi
tional water supplies. It is imperative that we find ways to
develop water supplies-that is, store water for later use, with
lower economic, social, and environmental casts. Under the
World Water Vision an additional 150 cubic kilometres of
storage will be required for irrigation by 2025. Another 200
cubic kilometres of storage might be required to replace the
current overconsumption of groundwater.

Rather than relying primarily on large dam projects to provide
this storage, the demand should be met using a mix of:

• Large and small dams.

• Groundwater recharge.
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New techniques and institutional mechanisms are urgently needed to
recharge groundwater aquifers, to avoid the disasters
looming if current overdraughts continue

• Traditional small-scale water storage techniques and rain
water harvesting.

• Water storage in wetlands.

New techniques and institutional mechanisms are urgently
needed to recharge groundwater aquifers, to avoid the dis
asters looming if current overdraughts continue. Sueh mech
anisms will include limiting access and providing incentives to
users to limit or stop overpumping. Rainwater harvesting,
generally a socially attractive alternative to large construction,
provides opportunities for decentralised, community-based
management of water resources.

Changing the way we manage water
New institutional mechanisms are needed for managing
water. Among the most vita I are:

• Pricing of water services at full cost. Making water
available at low cost, or for free, does not provide the
right incentive to users. Water services need to be
priced at full cost for all users, covering all costs related
to operation and maintenance for all uses and invest
ment costs for at least domestic and industrial uses. The
basic water requirement needs to be affordable to all,
however, and pricing water services does not mean
th at governments give up targeted, transparent subsi
dies to the poor.

• Service-orientedmanagement. The focus has to be on
making managers responsive to user needs. This requires
a mutual dependency that can take various forms, includ
ing service agreements. The service needs and expecta
tions of users will be influenced by the price they have to
pay for services, especially when they have to pay the full
cost.

• Empowering communities, wamen, and men. People's
initiative and capacity for self-reliance need to be put at
the centre of planning and action for water supply and
sanitation. Doing 50 can lead to systems that encourage
genuine participation by empowered women and men,
improving sustainable living conditions for all-particu
larly women and children.

Increasing cooperation in international basins
Nearly half the world is situated in 250-300 international river
basins-rivers that cross national boundaries and whose
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resources are shared. Experience shows th at shared water
resources can be a source of cooperation rather than conflict.
Most successful cooperation appears to evolve in stages:

• Confidence building. Countries th at share international
rivers usually start with low-Ievel technical cooperation
that focuses on exchange of data or jointly gathered data.

• Cooperation. As mutual trust and confidence increase,
and as issues appear that concern all parties and can be
more effectively addressed through collective action,
cooperation gradually grows to a point where countries
are willing to undertake joint action or allocate more sig
nificant resources.

• International agreements.Af ter years of successful coop
eration, lengthy negotiations are usually required to reach
bilateral or regional agreements.

• Internationallaw andalternativedispute resolution. Once
international agreements have been established, conflicts
can be addressed through forma I mechanisms (the judi
ciary or international law) or dispute resolution mecha
nisms (mediation or arbitration).

Valuing ecosystem functions
Much more research is needed to improve our understanding
of ecosystem functions and to value the services that these
systems provide. Recent global assessments of the services
provided by freshwater ecosystems (watersheds, aquifers,
and wetlands) for flood control. irrigation, industry, recre
ation, waterway transportation, and the like come up with
estimates of several tri IIion dollars annually.

Such knowledge will allow careful assessments of the impacts
of water resource use and development on ecosystems, par
ticularly tropical ecosystems. That work needs to emphasise
the river basin as the appropriate scale of management
from the forests in upper watersheds to coastal zones
affected by the inflows of rivers into wetlands, lagoons, and
mangrove ecosystems.

Many practices adopted to manage water for human needs
rules on extracting and sharing water, changes in cultivation
and irrigation to savewater for other purposes. returns to tra
ditional and community-based water harvesting and storage
methods-will also benefit ecosystems. Other measures
include reducing nutrients through farm-based. manure stor-



Much more research is needed to improve our understanding of
ecosystem functions and to value the services

that these systems pro vide

age, controlling silt by reducing erosion upstream, planning
tor joint hydropower generation and dry season irrigation,
and reducing pollutants from agriculture and industry.Above
all, ecosystemswill beprotected by integrated land andwater
resourcemanagement, basin by basin-along with full cost
pricing for water servicesandmanagement reforms for water
deliveryand wastewater disposal.

Supporting innovation
Increasing productivity will depend largelyon innovation,
through both fundamental researchand the widespreaddis
semination and adoption of its results.

A key to this innovationwill be increasedawarenessof water
issuesand the education and training of people capableof
bringing about the necessarychanges.Oncewater isappro
priately valued, usersand producerswill have incentivesto
conserveit and to invest in innovation.

While pricingwater isexpectedto bethe primaryway to bring
in the private sector,a host of public goods aspectsof water
resources will continue to require public funding. Such
activites range from researchingstaple food crops in devel
oping countriesto finding curesfor tropical diseases-impor
tant to populations in markets too small to make privately
funded researchfinancially attractive.

Mobilising financial resources
Total investment in water servicestoday-excluding direct
investment by industry-is $70-80 billion a year. The largest
investor in servicesisgovernment-the traditional public sec
tor, which contributes about $50 billion a year. The private
sector, ranging from smallwater vendorsto privatemunicipal
and metropolitan utilities, contributes around $15 billion.
International donors contribute a further $9 billion for both
water and sanitation servicesand irrigation and drainage.The
international private sector-an investment newcomer
contributes about $4 billion a year.

We estimate that to achievethe World Water Vision, those
investmentswill haveto rise to $180 billion (tabie 2) Private
firms-domestic and international-wil I be the main souree
of finance, and local communities will contribute much in
cash and in kind. Government resourceswill be a smaller
share in direct capital investmentand maintenancecostsfor
traditional water supplyprojects.Thiswill free up public (and
softer loan and grant) resourcesfor water-related projects
that supply public goods (such as flood management and

Vis ion Vision
Use 1995 2025 1995 2025
Agriculture 30-35 30 43-50 17
Environment and

industry 10-15 75 13-21 41
Water supply

and sanitation 30 75 38-43 42
Total 70-80 180 100 100

Souree: WorldWater Vision stall.

environmental protection) and for subsidiesto low-income
and disadvantagedwomen and men to pay the cost of their
minimum water and sanitation needs.

This explicit subsidy explains why government cash flows
should remain at current levels,making total cash require
mentsgreater than the direct investmentsin table 2. Therole
of government is to provide a regulatory and policy frame
work for investmentsto ensurefinancial sustainability.

Donors need to provide strategic assistancein developing
policies,regulations, institutional capacity,human resources,
and the technical and scientific competenciesto managethe
resourcebaseandwater servicesin a fully integrated fashion.
Donorswill also be important in helping countriesmeet basic
needsand proteet the environment. It is recommendedthat
donors support integrated managementand socialand non
commercialusesof water.

Our Vision for water and life in 2025

By2025 we will haveachievedthe three primaryobjectivesof
integratedwater resourcemanagement:

• Empowering women, men, and communities to decide
on the level of accessto safe water and hygienic living
conditions and on the types of water-using economic
activitiesthat they desire-and to organiseto obtain it.
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Water services will be planned tor sustainability,
and good management, transparency, and
accountability will be standard

• Producing more food and creating more sustainable liveli
hoods per unit of water applied (more crops and jobs per
drop), and ensuring access for all to food required for
healthy and productive lives.

• Managing water use to conserve the quantity and quality
of freshwater and terrestrial ecosystems that provide ser
vices to humans and all living things.

In our World Water Vision the five key actions to achieve these
objectives are to

• Involve all stakeholders in integrated management.

• Move yards full-cost pricing of all water services.

• lncreas.. public funding for research and innovation in the
public interest.

• Increase cooperation in international water basins.

• Massively increase investments in water.

How, then, will the water world look in 20257 Almost every
woman and man, girl and boy in the wortd's cities, towns, and
villages will know the importance of hygiene and enjoy safe
and adequate water and sanitation. People at the local level
will work closely with governments and nongovernmental
organisations, managing water and sanitation systems th at
meet everybody's basic needs without degrading the envi
ronment. People will contribute to these services according to
the level of service they want and are willing to pay tor. With
people everywhere living in clean and healthy environments,
communities and governments will benefit from stronger
economic development and better health.

Empowering women and men
New management-transparent and accountabie.Water ser
vices will be planned for sustainability, and good management,
transparency, and accountability will be standerd. Inexpensive
water-efficient equipment will be widely available. Rainwater
harvesting will be broadly applied. Municipal water supplies will
be supplemented by extensive use of reclaimed urban waste
water for nonpotable uses (and even for potable uses in seri
ously water-short urban areas) On smalI islands and in some
dry coastal areas, desalination will augment the water supply.
Many cities and towns will use low- or no-water sanitation sys
tems, managed by communities and local authorities.
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Secure and equitable access to and control of resources-and
fair distribution of the costs and associated benefits and
opportunities derived from conservation and development
will be the foundation of food and water security. Efforts to
overcome sector-oriented approáches and to integrate catch
ment management strategies will continue to be supported
by wider social and institutional changes. At the turn of the
21 st century many government institutions will have recog
nised grassroots comrnunity-based initiatives-and built
extensively on this groundwork. All new central government
policies and legislation will be subject to prior assessment of
their impacts on various stakeholders and beneficiaries.
Private and public institutions will be more accountable and
oriented towards the local delivery of services. They will fully
incorporate the value of ecosystem services in their cost
benefit analysis and management.

Morepower tor communities.At locallevels the empowerment
of women, traditional ethnic groups, and poor and margin
alised people will make local communities and weak nations
stronger, more peaceful, and more capable of responding to
social and environmental needs. Institutional structures, includ
ing river basin commissions and catchment committees, will
actively support the equitable distribution of goods and services
from freshwater ecosystems. Both husbands and wives will be
voting members in water user associations in farming commu
nities. Clear property and access rights and entitlements will
ensure that individuals and organisations holding those rights
meet their associated responsibilities.

Producing more food and using water
more productively
Higher erop yields. Extensive field research on water man
agement policies and institutions in developing countries
early in the 21 st century will have focused on bringing aver
age yields closer to yields achieved by the best farmers.
Closing the yield gap makes the rural livelihoods of poor
women and men much more sustainable. Countries with a
basic policy of food self-sufficiency and the capability to
implement it will increase their yields and production. They
will do so by increasing the productivity of water through
technical and institutional innovation, up to economic and
technicallimits. China and India will be among them.

Drawing on technological innovations as weil as traditional
knowiedge, large improvements will be made in agriculture.
Genetically modified crops will initially have been introduced
on a small scale given lack of public and political support. The





Water management in 2025 will be based on recognising
the environmental goods and services that

healthy catchments pro vide

biggest advances in food production in the century's first
decadewill be plant improvementsthrough tissueculture and
marker-aided selection, erop diversity (especiallyindigenous
varieties), appropriate eropping techniques, and soil and
water conservation. In 2025, as the industry has demon
strated its responsibility and gained eredibility, the use of
genetically modified cropswill become common and greatly
increasethe erop reliability in drought-prone regions.

More efficient use.Therewililikely bea 10% increaseinwater
withdrawals andconsumption to meet agricultural, industrial,
and domestic requirements. Food production will inerease
40%, made possible in part becausepeople recognisethat
water isnot only the bluewater in riversand aquifers,but also
the green water in soil. Recognition of rainfed agriculture's
erucial role in the water cyclewill help make it more produc
tive while conservingaquatic and terrestrial ecosystems.

Only a small part of the water delivered to industrial and
domestic useswill beconsumedbyevaporation-most will be
returned after treatment to the ecosystemsfrom which it is
drawn. Industrial and domesticwater reusewill be common,
and non-water-based systems of sewage treatment and
other methods of ecosanitationwill be applied in manyareas
to reducepollution and make full useof humanwaste asfer
tiliser. Seminatural and artificial wetlands will be used to
improve polluted waters and treat domestic effluents.
Countries that face water scarcitiesearly in the century will
invest in desalination plants-or reduce the water used in
agriculture, transfer it to other sectors,and import morefood.

Smarter investments.Investmentsin cleanertechnologiesand
reducedwater andwastewater usewill continueto helpmany
industries lower their production costs while reducing their
effluent taxes. Development investments will be based on
economievaluationsand linked to compliancewith the envi
ronmental assessmentand management standards of the
International StandardsOrganization 14000 series.

Conserving ecosystems
Less pollution-more recharge. Concerns about polluting
groundwater through leaching nitrates and other chemicals
will be addressed.Restrietionswill be placed on fertilisers,
pesticides, and other chemicals in recharge areas after
researchon maximisingthe rate of rechargeand controlling
pollution Ideally,the rechargeareaswill not be usedfor any
other purpose. But in denselypopulation areas,landwill sim
ply be too valuable to be set asidefor this singleuse.

Healthier catchments. Water management in 2025 will be
basedon recognising the environmental goods and services
that healthy catchments provide. Catchments require con
stant maintenance,to be provided largelyby local communi
ties, for erosion control. water quality, and biodiversity
conservation,among other tasks.Strategieor unique natural
ecosystemswill be highly valued. And conservation pro
grammeswill reflect the needsand involvementof the local
communities that depend on them.

More innovation. Innovation in most areasof water resource
management-supported by the best of scienceand tradi
tional knowledge-will accelerate.It will also support devel
opment and management of freshwater and related
ecosystems.Scienceand moderntechnologieswill providean
analytical perspectiveto problem-solving.Traditional knowI
edge,the wealth of manygenerationsof water resourceman
agement, will also be a natural part of decisionmaking.The
dialogue between scientists and the holders of traditional
knowledgewill prompt innovation in resourcemanagement

Bettergovernance.Governancesystemsin 2025 will facilitate
transboundarycollaborativeagreementsthat conservefresh
water and related ecosystemsand maintain local livelihoods.
Managementand decisionmakingwill generallytake placeat
the most effective and efficient level, helping to set up more
open dialogue, information exchange, and cooperation.
Despitehuge efforts, transboundaryconflicts will still be the
most difficult water resourceconflicts to resolvein 2025.

TherewilIstill bemuchto do, butwewill havemadethe progress
neededto mitigate the water crisisthat reignedin 2000 and to
advanceto sustainablewater useand development

* * *

To conclude: there is a water crisis,but it is a crisisof man
agement.We havethreatened our water resourceswith bad
institutions, bad governance,bad incentives,and bad alloca
tions of resources.In all this, we havea choice.We can con
tinue with businessasusual,andwiden and deepenthe erisis
tomorrow. Or we can launch a movement to move from
Vision to action-by making water everybody'sbusiness.

Note

1. "More erop per drop" is the motto of the International
Water Management Institute in Sri Lanka.
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Vision Statement and Key Messages

• Involve all stakeholders in integrated management

• Move to full-cost pricing of water services

• Increase public funding for research and innovation

• Increase cooperation in international water basins

• Massively increase investments in water

• Produce more food and create more sustainable liveli
hoods per unit of water applied (more crops and jobs per
drop), and ensure access for all to the food required for
healthy and productive lives.

• Manage human water use to conserve the quantity and
quality of freshwater and terrestrial ecosystems th at pro
vide services to humans and all living things.

Actions needed

Five primary actions are needed to achieve these objectives:

• /nvo/ve all stakeho/ders in integrated management The cur
rent fragmented framework for water management cannot
deal with the interrelationships identified at Dublin and Rio(box
1.1). Today water professionals manage most water, often on
a sectoral basis, without coordinating their planning and oper
ations, without close collaboration with the environmental
community, and within administrative boundaries that usually
ignore the natural surface and groundwater basin divides.
Worst of all, the most interested stakeholders-the women
and men in the community whose lives and livelihoods depend
on wise water management-do not participate in decision
making. These stakeholders must be involved in making social
and economic decisions affecting land and water use.

Governments should establish the institutional mechanisms
to make this happen-including nationallegislation requiring
land and water planning and management with participation
of women and other stakeholders representing the economic,
environmental, and social interests of the community and full
sharing of information.

• Move to full-cost pricing of water services for all human
uses. Because of its scarcity, water must be treated as an eco
nomic good. To give this concept meaning, this Report rec
ommends that consumers be charged the full cost of
providing water services. That is, they should pay the full cost
of obtaining the water they use and the full cost of collect
ing, treating, and disposing of their wastewater. This does not
preclude governments from providing targeted, transparent
subsidies to the poor. always taking into account the other
calls on public funds. It is a paradox that the poor suffer the
most from water subsidies and from policies th at treat water
as a social qood. Too of ten, water subsidies are captured by
the wealthy, leaving insufficient resources for system opera
tion and expansion and resulting in rationing-with the poor
always at the end of the line. Pricing water services is a good

2 World Water Vision

Box 1.1 Beyond Dublin and Rio

Sincethe 1970sa seriesof international meetings and conventions have
provided milestoneson the way to sustainablewater resourcemanage
ment, leadingto the widely acceptedDublinprinciplesfor managingwater:

• Freshwateris a finite and vulnerable resource,essentialto sustain life,
development, and the environment.

• Water development and management should be participatory, involv
ing users,planners,and policymakersat all levels.

• Women are central to providing, managing,and safeguardingwater.

• Water has an economievalue in all its competing usesand should be
recognisedasan economiegood.

These prineiples recognisethe close interrelationshipsamong economie,
social,and environmental security.

Thechallengefacing the World Water Visionexercisewas not just to speed
up the implementation of the Dublin principles,but alsoto proposea com
prehensiveset of practical principlesfor implementation.

step towards establishing a framework that will eventually
recognise the full economic value of water, including the cost
of externalities.

Full-cost pricing must be accompanied by targeted, transpar
ent subsidies to low-income communities and individuals to
allow them to pay to meet their minimum requirements and
to encourage user participation in decisionmaking. This
approach to valuing water will encourage infrastructure
investments and private sector involvement and provide the
revenue to cover the costs of operation and maintenance. It
will make water suppliers accountable to users It will reduce
water withdrawals from and pollution of ecosystems. And it
will encourage the use of water-saving practices and
technologies, as weil as further research.

• /ncrease public funding for research and innovation in the
pub/ic interest The consultations that were part of the World
Water Vision exercise revealed that because water and the
environment have not been valued, there are enormous gaps
in our quantitative knowledge about freshwater ecosystems.
Similarly, there is little stimulus for innovation in water con
servation technologies. Pricing water resources will encour
age the private sector to do some of this.

Still more publicly funded research is needed to promote the
development and dissemination of innovative technological,



Our Vision is a world in which al/ people have accessto safe and sufficient water resources
1

to meet their needs, including tooä, in ways that maintain the integrity of freshwater

ecosystems.TheVision exercise's ultimate purpose is to generate global awarenessof the

water crisis that women and men face and of the possible solutions for addressing it. This

awareness will lead to the development of new policies and legislative and institutional

frameworks. Theworld's freshwater resourceswill be managed in an integrated manner at
al/levels, from the individual to the international, to serve the interests of humankind and

planet earth-effectively, efficiently, and equitably.

Will continuing the way we manage water lead to a crisis? Yes. Indeed, many countries are

already suffering a water crisis that affects their people and the ecosystems we all depend
on. More than 1 billion people lack access to safe drinking water. More than 3 billion lack
access to sanitation. Several countries lack sufficient water to produce food. And with
increasing populations and demands on water, other countries will join them. We have
already destroyed about half of the world's wetlands.

Even in a world where water resources are weil managed and human demands are met, water
withdrawals and consumption by and for humans could be 10% higher in 2025 than in 1995.
With current practices, the degradation of ecosystems and the loss of biodiversity will
threaten the lives of future generations. It is clear that we must change our ways.

To ensure the sustainability of water, we must view it holistically, balancing competing
demands on it-c:lomestic, agricultural, industrial (including energy), and environmental.
Sustainable management of water resources requires systemic, integrated decisionmaking
th at recognises the interdependence of three areas. First, decisions on land use also affect
water, and decisions on water also affect the environment and land use. Second, decisions

on our economie and social future, currently sectoral and fragmented, affect hydrology and
the ecosystems in which we live. Third, decisions at the international, national, and locallev
els are interrelated.

The three primary objectives of integrated water resource management are to:

• Empower women, men, and communities to decide on their level of access to safe water
and hygienic living conditions and on the types of water-using economie activities they
desire-and to organise to achieve them.





D
The real revolution in water resource management

will come when stakeholders have the
power to manage their

own resources

social, and institutional approaches to international water
resource management, especially in areas serving the public
interest and not addressed by market-driven research and
development.

• Recognisethe need for cooperation on integrated water
resource management in international river basins. There
have been many public cries for cooperative management of
international water basins. In general, such cooperation has
been driven by other factors th at bring the parties together.
This probably will continue to be the case. But the Vision goes
beyond the usual appeals for cooperation and recommends
that nations voluntarily restrict their sovereignty to make it
possible to apply the principles of integrated water resource
management in international watercourses.

• Massivelyincrease investments in water. Addressing the
wortd's water resource problems will require massive invest
ments. More investments are needed in water infrastruc
ture-from current levels of $70-80 billion a year to about
$180 billion, with $90 billion coming mainly from the local
private sector and communities, including contributions in
kind. Coupled with this added investment would be govern
ment subsidies targeted to reach the poor (effectively and
efficiently) so th at they benefit from the new infrastructure.
Pricing water to produce the cash flow for future investments
and for operation and maintenance should go a long way
towards making this possible. Contrary to a lot of thinking
today, the Vision recommends that governments maintain
their water budgets at current levels, mainly to provide funds
indirectly to low-income individuals and communities who
otherwise would not have access to water services and to
keep food prices affordable for poor people.

Responsibility for implementation

The biggest challenge in water resource management is insti
tutional. Social organisation, government policies, technology
choices, and personal consumption all have an impact. But
corruption, fragmented institutions, duplicated efforts, misal
located resources, and authoritarian, centralised practices
have routinely raised the costs of doing business. Political will
must be marshalled to include all stakeholders, especially
women, in decisionmaking.

The real revolution in water resource management will come
when stakeholders, where possible, have the power to manage
their own resources The task of politicians is to dispel the idea
that water isprimarily the government's business.They must facil-

itate representative participatory processesso th at water can be
managed locally to meet the aspirations of many stakeholders.

The pivotal role of women as providers and users of water and
as guardians of the living environment needs to be reflected in
institutional arrangements for developing and managing water
resources. Socially determined roles and relations of women
and men-differentiated by age, class, marital status, ethnic
group, and religion-determine how water is managed.
Participatory processesmust be established so th at women and
men together decide the relative importance of water's eco
nomic, social, and environmental functions. Such democratic
processesgive women better opportunities to benefit equitably
from the use of water resources and to take full part in deci
sionmaking. Moreover, such decisions should be made at the
lowest appropriate level. For many issues th at will be the com
munity, but for international basins it will be partly international.

Public and private management of water must be improved
through greater accountability, transparency, and rule of law.
Because of social concerns, in many countries the supply of
water services has been entrusted to public agencies, which
in most developing countries (and many developed ones)
have become inefficient, unregulated, and unaccountable.
The private sector changes this dynamic fundamentally,
because a private monopolist needs to operate under a
defined contract (that is, it needs to be regulated).

Once regulation and accountability are established for private
companies, it logically follows to do three things: compare
their performance with th at of public companies, make pub
lic companies also responsible to users, and regulate public
companies. This process can start a virtuous circle of compe
tition, with, arguably, the greatest benefit being that public
companies become regulated, accountable, and efficient.
There is clear evidence in the urban water sector that under
such circumstances performance improves immeasurably, but
the process has yet to start in irrigation.

Water management in each country affects the global social
structure, economy, and environment. International institu
tions have a major role to play in setting standards and mon
itoring performance within countries against these standards.
But inefficiencies beleaguer the international systems. Reform
of international institutions in the water sector should provide
for greater participation by all stakeholders-not just govern
ments but also the private sector, nongovernmental organi
sations (NGOs), community-based o_rganisations representing
civil society, and consumers.

Vision Statement and Key Messages 3



Today's water crisis is widespread, and continuing with
current policies tor managing water will only

widen and deepen that crisis

During the 20th century the world population tripled-while water usefor human purposes

multiplied sixfold! Themost obvious usesof water for peopleare drinking, cooking, bathing,

cleaning, and-for some-watering family food plots. This domestic water use,though cru

cial, is only a small part of the total. Worldwide, industry usesabout twice asmuchwater as

households,mostly for cooling in the production of electricity. Farmore water is neededto

producefood and fibre (cereais,fruits, meat, cotton) and maintain the natural environment.

Providing six times more water now than a hundred years ago, an enormous task, has sig

nificant impacts on people and the environment. On the positive side:

• A major investment drive, the International Drinking Water Supply and Sanitation

Decade(1981-90) and its follow-up-Ied by national governments and supported through

international organisations-ended with safeand affordable drinking water for 80% of the

exploding world population and sanitation facilities for 50%.

• Major investments in wastewater treatment over the past 30 years have halted the

decline in-or actually improved-the quality of surfacewater in manydevelopedcountries.

• Food production in developing countries has kept pacewith population growth, with

both more than doubling in the past 40 years.A successfulinternational researchprogram

in agriculture-funded through the Consultative Group for International Agricultural

Research-has produced higher-yielding varieties, and there hasbeenaworldwide drive to

intensify agriculture through fertiliser application and irrigation. A major factor in this suc

cessstory-in agricultural productivity and farmer-controlled investment-has been the

rapid growth of groundwater-irrigated agriculture in the past 20 years.

• In perhapsthe biggest achievementof the century, rising living standards,better educa

tion, and other social and economicimprovements have finally slowed population growth.
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• Today's water crisis is widespread

• Green water-and blue

• Passing the threshold of what's usa bie

But at the same time:

• An unacceptably large portion of the world population
one person in five-does not have access to safe and
affordable drinking water, and half the wortd's people do
not have access to sanitation. Each year at least 3-4 mil
lion people die of waterborne diseases, including more
than 2 million children who die of diarrhoea, according to
World Health Organization statistics (WHO 1996). Other
sources provide even higher estimates.

• More than 800 million people, 15% of the world popu
lation, get fewer than 2,000 calories a day. Chronically
undernourished, they live a life of permanent or intermit
tent hunger (Conway 1999b). Most are women and
young children from extremely poor families. More than
180 million children under 5 are severely underweight
more than two standard deviations below the standard
weight for their age. Seventeen million children under 5
die each year, with malnourishment contributing to at
least a third of these deaths (Conway 1999a). Lack of pro
teins, vitamins, minerais, and other micronutrients in the
diet is also widespread, particularly among children and
women of childbearing age (UNICEF 1998)

• Much economic progress has come at the cost of severe
impacts on natural ecosystems in most developed and
transition economies. The wortd's wetlands were halved
in the 20th century, causing a major loss of biodiversity.
Rapidly declining surface and groundwater quality in
almost all major urban centres in the developing world
threatens human health and natural values. Because of
the adverse social and environmental impacts, large dams
have become controversial and have lost public support
in many places.

• Water services-irrigation water, domestic and industrial
water supply, wastewater treatment-are heavily sub
sidised by most governments. This is done for all the right
reasons (providing water, food, jobs), but with perverse
consequences. Users do not value water-and so waste
it. To a large extent the subsidies do not end up with the
poor but are captured by the rich. Water conservation
technologies do not spread. There are too few investment
funds and revenues to maintain water infrastructure and
research and training systems. As aresuit the sector is
conservative and stagnant, not dynamic with a stimulat
ing flow of innovative thinking.
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• Unregulated accessto groundwater, affordable small elec
tric and diesel pumps, and subsidised electricity and diesel
oil have led to overpumping of groundwater for irrigation
and to rapidly falling groundwater tables in key aquifers.

• In most countries water continues to be managed sector
by sector by a highly fragmented set of institutions. This
approach is not effective for allocating water across pur
poses. It does not allow for the effective participation of
stakeholders. And it is a major obstacle to integrated
water resource management.

The conclusion: while much has been achieved, today's water
crisis is widespread. Continuing current policies for managing
water will only widen and deepen th at crisis.

The world's water resources

A key characteristic of the wortd's freshwater resources is their
uneven distribution in time and space. Until recently water
resource management focused almost exclusively on redistrib
uting water to when and where people want it for their use.
This is a supply-side (engineering) approach. But there are
many signs that water is running out-or at least getting a lot
lessplentiful in more places as populations and per capita water
use grow-and damaging ecosystems from which it is with
drawn. 50, we need to look at what water is used for and to
manage these competing claims in an integrated framework.

Think of freshwater as green or blue. Green water-the rain
fall that is stored in the soil and then evaporates or is incor
porated in plants and organisms-is the main source of water
for natural ecosystems and for rainfed agriculture, which pro
duces 60% of the wortd's food. Blue water-renewable sur
face water runoff and groundwater recharge-is the main
souree for human withdrawals and the traditional focus of
water resource management.

The blue water available totals about 40,000 cubic kilometres
a year (Shiklomanov 1999).' Of this, an estimated 3,800 cubic
kilometres, roughly 10%, were withdrawn (diverted or
pumped) for human uses in 1995. Of the water withdrawn,
about 2,100 cubic kilometres were consumed.? The remain
der was returned to streams and aquifers, usually with signif
icant reductions in quality.

If we are withdrawing only 10% of renewable water
resources, and consuming only 5%, wh at then is the prob-
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Withdrawals for irrigation are nearly 70% of

the total withdrawn for human uses, those for in dus try 20%,
and those for municipal use about 10%

Renewable water resources represent the water entering a country's river
and groundwater systems.Not all this water can be used becausesame
lalls in a placeor time that precludestapping it even il all economicallyand
technically leasible storage were built. Usabie water resources represent
the water that could be used if all economically and technically leasible
storageand diversionstructureswere built. Usabie water resoursesrepre
sent the upper limit to consumptiveuseevenwith luture development.

The primary water supply is the amount of water that can be consumed
giventhe current state of developmentof the water resource.At any point
in time, the primarywater supplysetsan upper bound to the consumptive
use of water. It representsthe first-time diversionsof water. Water diverted
to a usethat is not consumedeither flows to a sink or re-enters the river
or humanmade flow network and is recycled. Total deliveries, aften
reported aswithdrawals, compriseprimarywater plusrecycledwater. Total
water deliveriesdependon how much water is recycled.

Passing the threshold of what's usabie

Renewablewater resources

Usabiewater resources

Time

Souree: IWMI 2000.

lem? Not all renewablewater resourcesare usabie (box 2.1).
Thenumbersmaysuggestthat we areusingonly asmall frac
tion of the availableresourcesand that we should be able to
increase this share fairly easily. Not se, for the following
reasons:

• Of global water resources,a large fraction is available
where human demandsare small,suchasin the Amazon
basin,Canada,and Alaska.

• Rainfalland river runoffs occur in large amounts during
very short periods, such as during the monsoon periods

in Asia,and are not availablefor human useunlessstored
in aquifers, reservoirs,or tanks (the traditional systemin
the Indian subcontinent)."

• Thewithdrawal andconsumption figuresdo not show the
much larger share of water resources"used" through
degradation in quality-that is, polluted and of lower
value for downstream functions.

• Water not usedby humansgenerallydoesnot flow to the
seaunused. Instead, it is used in myriadways by aquatic
and terrestrial ecosystems-forests, lakes, wetlands,
coastallagoons-and is essentialto their weil being.

This leadsto the following conclusions:

• Eventhough people use only a small fraction of renew
able water resources globally, this fraction is much
higher-up to 80-90%-in manyarid and semiarid river
basinswhere water isscarce.

• In many tropical river basinsa large amount of water is
availableon averageover the year, but its unequal tem
poral distribution meansthat it is not usabie or that mas
sive infrastructure is required to protect people from it
and to store it for later use,with considerablesocialand
environmental impacts.

• In many temperate zone river basins, adequate water
resourcesare relatively evenly distributed over the year,
but they are usedso intensivelythat surfaceand ground
water resourcesbecomepolluted and good-qualitywater
becomesscarce.

Main uses of water for human purposes

Withdrawals for irrigation are nearly 70% of the total with
drawn for human uses-2,500 of 3,800 cubic kilometres
(tabie 2 1). Withdrawals for industry are about 20%, and
those for municipal useare about 10%.

Water for food and rural development
A key ingredient in the green revolution, irrigation raisesagri
cultural productivity-particularly in Asia, which contains
about 70% of the world's irrigated area (figure 2.1)4
Irrigation consumesa large share of the water it withdraws
through evaporation from reservoirs,canals, and soil and
through incorporation into and transpiration by crops.

The Use of Water Today 7
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• For agriculture and rural development

• For people and industry
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Although we are withdrawing only 10% of renewable water
resources, and consuming only about 5%, there are still prob
lems for human use. Water is unevenly distributed in space
and in time-and we are degrading the quality of much more
water than we withdraw and consume.

Cubic kilometres
Use 1900 1950 1995
Agriculture

Withdrawal 500 1,100 2,500
Consurnption 300 700 1,750

Industr
Withdrawal 40 200 750
Consumption 5 20 80

Municipalities
Withdrawal 20 90 350
Consumption 5 15 50

Reservoirs(evaporation) 0 10 200
Totals

Withdrawal 600 1,400 3,800
Consumption 300 750 2,100

Note: All numbersare rounded.
Souree: Shiklomanov 1999.

Depending on the technology, consumption can range from
30-40% for flood irrigation to 90% for drip irrigation. The
rest recharges groundwater or contributes to drainage or
return flows. This water can be-and often is-reused, but it
has higher salt concentrations and is often contaminated with
nutrients, sediments, and chemical contaminants (pesticides,
herbicides) th at can damage the ecosystern.

Unless carefully managed, irrigated areas risk becoming
waterlogged and building up salt concentrations that could
eventually make the soil infertiie. This process probably
caused the downfall of ancient irrigation-based societies and
threatens the enormous areas brought under irrigation in
recent decades, By the late 1980s an estimated 50 million
hectares of the world's irrigated areas, or more than 20%,
had suffered a buildup of salts in the soil.

Perhaps the biggest revolution in water resource manage
ment has been the small, cheap diesel or electric pump that
gives farmers the means to invest in self-managed ground
water irrigation. In irrigated areas of Pakistan private invest
ment in groundwater development through tubeweIls
(360,000 in 1993 alone) has been an engine of growth. In

8 World Water Vision
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India almost half of all irrigated areas depend fully or partly
on groundwater. In China more than 2 million pumps irrigate
some 9 million hectares (Postel 1999) In the United States
one of the world's largest groundwater aquifers, the Ogallala,
has been developed through privately financed wells feeding
sprinkler systems. While groundwater irrigation has con
tributed substantially to the wortd's food production and pro
vided farmers with a dependable source of water, it has also
led to massive overuse and falling groundwater tables. A lack
of regulation of this common resource, combined with sub
sidised diesel fuel or electricity for the pumps, gives farmers
an incentive to use groundwater as if there were no
tomorrow.

Water for people and industry
A large share of the water withdrawn by households, services,
and industry-up to 90% in areas where total use is high
is returned as wastewater, but of ten in such a degraded state
that major clean ups are required before it can be reusec. The
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Cheap pumping and a lack of regulation

give farmers an incentive to use groundwater as
if there were no tomorrow
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amounts for personal use (drinking, cooking, bathing) are rel
atively small compared with other uses. And in developed
countries the water fit to drink is mostly used to flush toilets,
water lawns, and wash dishes, clothes, and cars.

The high per capita residential use rates in North America
(around 400 litres per person a day) and Europe (about 200
litres) have declined somewhat in recent years, in response to
higher prices and environmental awareness. But in many Sub
Saharan countries the average per capita use rates are unde
sirably low (10-20 litres per person a day) and need to be
increased. In many larger cities of Asia and Latin America the
total water produced by utilities is very high, from 200-600
litres per person a day, but up to 70% is lost to leaks. Service
is of ten undependable, and water quality is often unreliable.

The real problem of drinking water and sanitation in devel
oping countries is that too many people lack access to safe
and affordable water supplies and sanitation (figure 2 2). The

Watercrelated diseases and deaths ····:::,f}~.

Many children die of easily preventabie diseases. and a huge
number of older people get sick.

Disease Annual iIIness and deaths
Fecal-oralinfections (waterborne
and water-washed)

Diarrhoea 1.5 biltion caseslor children
under 5, 3.3 miltion deaths
(5 million deathsall ages)

Cholera 500,000 cases,20,000 deaths
Typhoid lever 500,000 cases,25,000 deaths
Ascariasis(roundworm) 1.3 billion inlected, 59 million

clinical cases,10,000 deaths
Water-washedinfections

(poor hygiene)
Trachoma 146 million cases,6 million

people blind
Infections related to defective

sanitation
Hookworm 700 million inlected

Souree: Van der Hoek. Konradsen,and Jehangir 1999.

World Health Organization's Wor/d Hea/th Report 1999 esti
mates that water-related diseases caused 3.4 million deaths
in 1998,more than half of them children. Other estimates are
even higher, particularly for diarrhoea (tabie 2.2).

Bebind those grim numbers is a mix of good news and bad.
The good news is mainly about water. More people have
gained access to safe drinking water since 1980 than ever
before. Many countries doubled their provision during that
time. And worldwide the provision of new water services is
outpacing population growth.

The bad news is mainly about sanitation.? Fewer people have
adequate sanitation than safe water, and the global provision
of sanitation is not keeping up with population growth.
Between 1990 and 2000 the number of people without ade
quate sanitation rose from 2.6 billion to 3.3 billion. Sanitation
statistics are less reliable than those for water, however,
because some countries have changed their definitions of
adequate sanitation.

Inadequate collection, treatment, and disposal of household
and industrial wastewater is not just a health hazard for

The Use of Water Today 9
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• The news on sanitation

• Threats to nature and people

• To biodiversity

• To the quality of surface and groundwater

humans,it alsopollutesaquatic ecosystems-sometimeswith
disastrousresults.Why?

• There is a lingering preference for costly waterborne
solutions.

• Supply-drivenapproacheswith high subsidiesstill prevail
in government programmes.

• Promotion strategiesare still driven by the suppliers'phi
losophyof sanitation for longer-term public health bene
fits, while consumersare interested in better sanitation
for more immediate benefits suehasstatus,convenience,
higher property values,and privacyand safety.

• The cost of removing 100% of pollutants is prohibitive,
sosome fraction accumulatesin water and soil.

Yet there is good news on sanitation. Large numbers of
women and men got better sanitation in the 19905. New
designs and low-cost technologies have significantly
expanded the options available to periurban and rural
communities.

Many pipedwater systems,however, do not meetwater qual
ity criteria, leading more people to rely on bottled water
bought in markets for personal use (as in major cities in
Colombia, India, Mexico, Thailand, Venezuela,and Yemen).
Bottledwater variesfrom luxury produetssuehascarbonated
mineral water in half-litre plastic bottles to filtered ground
water sold in 20-litre containers,and the industryisbooming.

Consumption of bottled water in Mexico isestimatedat more
than 15 billion litres a year, almost doubling between 1992
and 1998, and growing by 35% in 1996 and 1997 alone. In
the United Statesthe bottled water market isworth about $4
billion ayear,and in the PacificNorthwest the dollar turnover
of this "other " water sector rivalsthat of pipedwater. A large
shareof the unservedurban population in many developing
country citieshasto rely on water vendorswho supplywater
by truck-water of unreliable quality that costs 10-20 times
more than pipedwater (box 2.2). Thismarket for high-priced
water bought by low-income people demonstrates the
failure-or at leastthe poor performance-of the subsidised,
unaccountable, publicly owned water supplymodel.

Industry consumesjust over 10% of the water it withdraws,
heavilypolluting the fraction that it returns.Industryisamajor

14 World Water Vision

It's expensive to be poorBox 2.2

In Port-au-Prince,Haiti, a comprehensivesurveyshowed that households
connectedto the water systemtypicallypaidaround $1.00 percubicmeter,
while unconnectedcustomersforced to purchasewater from mobile ven
dors paid from $5.50 to a staggering $16.50 per cubic meter.

Urban residents in the United States typically pay $0.40-0.80 per cubic
meter for municipal water of excellent quality. Residentsof Jakarta,
Indonesia,purchasewater for $0.09-0.50 percubicmeter from the munic
ipal water company, $1.80 from tanker trucks, and $1.50-2.50 from pri
vate vendors-as much as 50 times more than residentsconnected to the
city system.

In Lima, Peru, poer families on the edge of the city pay vendars roughly
$3.00 per cubicmeter, 20 timesthe pricefor familiesconnectedto the city
system.

Souree: WSSCC 1999.

user in OECD countries and even more 50 in transition
economies,where water useper unit of output is often two
to three times higher than inOECDcountriesand industrycan
rival agriculture in water withdrawals.

With total annual generation of 2.6 terawatt-hours,
hydropower accounts for 20% of electricity production and
7% of energyproduction worldwide (IHA1999). In the devel
opedworld roughly 70% of hydropowerpotential hasalready
been developed-in the developingworld, only about 10%.
In some countries hydropower is the largest souree of elec
tricity production. While the construction of dams for
hydropower has levelled off globally, severalcountries have
new projects under way.

The power industry returns a large shareof the water with
drawn after it hasbeen usedto turn turbines in hydroelectric
plantsor ascooling water in nuclearandother thermal power
plants. Industrialwater userespondsstrongly to the price or
scarcity of water. As industrial processwater gets more
expensive,close to 100% of it can be recycled. In the food
industrywater isan essentialproduction input, but the quan
tities are relativelysmall.Water usedfor cooling in the power
industry can be recycledor replaced by other technological
options (suchasdry cooling towers). Good progresshasbeen
made on the treatment of industrial wastewater in OECD
countries through enforcement of environmental standards
and regulations. Left unregulated, however, and provided
with free or almost free water resources,industry is likely to
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Snapshots of the world's freshwaters . :~
and their biodiversity , ':

• Globally, 20% of freshwater fish are vulnerable, endangered, or extinct.

• The rich endemic ichthyofauna of Lake Victoria in Africa have been
reduced by predatory Nile perch, overfishing, and eutrophication.

• The Thames River, polluted for centuries, is again habitable by fish.

• Groundwaters as deep as 2.8 kilometres may have rich bacterial flora.

• Agricultural embankment construction in Bangladeshi floodplains, one
of the wortd's largest deltas, threatens the aquatic environment and
fisheries critica I to the survival of some of the wortd's poorest people.

• Construction of dams planned for the Mekong River basin threatens fish
adapted to seasonal flooding and unobstructed migratory movements.

• Hydroelectric facilities in Brazil have disrupted migration patterns of
economically important species, while the Hidrovia channel project in
centra I South America may threaten wetlands and foster invasions of
nonnative biota between drainage basins.

• Zebra musseis are paving shallows of the Great Lakes, displacing native
musseis and changing ecosystems.

• The number of prairie ponds in North America has rebounded from less
than 2 million in 1989 to about 4 million in 1996. And the duck popu
lation rose from less than 8 million to nearly 12 million, mostly due to
the North American Waterfowl Management Plan (as weil as water
availability).

• Of 30,000 rivers in Japan, only 2 are not dammed or modified.

• The Ganges and Bramaputra Rivers carry more than 3 biltion ton nes of
soil to the Bay of Bengal each year, spreading it over 3 million square
kilometres of seabed.

Souree: McAllister, Harniiton. and Harvey1997.

be a major water user, causing significant health and envi
ronmental impacts through wastewater discharge.

In addition to the three big water users-agriculture, indus
try, and municipalities-water resources provide a range of
other services, such as navigation or recreation and tourism.
Water transport is experiencing substantial growth on a
global scale, even as its importance has diminished in Europe
and North America. Population growth and the opening of
economies to the world market are leading to increasing
inland navigation in Brazil (Tietê-Paranà Master Plan), China
(Yangtze), and Venezuela (with 48,000-tonne push-tows on

the Orinoco). Russia (with 50,000 kilometres of high-capacity
waterways) will probably be a leader in this expansion.

Threats to nature-and to people

Freshwater ecosystems have been declining-in some parts of
the world, for hundreds of years-threatening the economie,
social, and environmental security of human society and ter
restrial ecosystems.

Ecosystems and biodiversity
Freshwater and terrestrial ecosystems are integral parts of the
water cycle. Their protection requires careful management of
the entire ecosystem. For freshwater ecosystems, this implies
integrated planning and management of all land and water
use activities in the basin, from headwater forests to coastal
deltas.

Freshwater biodiversity is high relative to the limited portion
of the earth's surface covered by freshwater (box 2.3).
Freshwater fish, for example, make up 40% of all fish, and
freshwater molluscs make up 25% of all molluscs. Freshwater
biodiversity tends to be greatest in tropical regions-with a
large number of species in northern South America, central
Africa, and Southeast Asia. Worldwide the number of fresh
water species is estimated to be between 9,000 and 25,000.

The loss of freshwater biodiversity is poorly monitored except
for some larger, commercial species (box 2.4). Available data
suggest th at 20-35% of freshwater fish are vulnerable or
endangered, mostly because of habitat alteration. Other fac
tors include pollution, invasive species, and overharvesting.

Surface and groundwater quality
Rapidly growing cities, burgeoning industries, and rapidly ris
ing use of chemicals in agriculture have undermined the qual
ity of many rivers, lakes, and aquifers. The industrial
revolution turned the Thames into a stinking, black health
hazard as it ran through London in the late 19th century.
Major investments in wastewater treatment and cleaner pro
duction have gradually resto red its recreational and environ
mental value.

Most large cities in newly industrialising and developing coun
tries have rivers in the same condition as the Thames in the
19th century. They are a health hazard. They threaten down
stream irrigation areas. And they destroy ecosystems. Because
of inadequate management, water quality is deteriorating at
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• Polluting groundwater

• Rivers drying up

• floods and droughts

Disappearing species

Biodiversitylosseshavebeenonly partlydetectedandmeasured.Justa few
larger organismsare monitored or considered.But more than 100 fresh
water-associatedvertebrates(birds,amphibians,fish)becameextinct after
1600, 55% of the extinctions for these th reeclasses.

Worldwide, 20% of freshwater fish arevulnerable,endangered,or extinct;
20% of threatened insectshaveaquatic larvalstages;57% of freshwater
dolphins are vulnerable or endangered;and 70% of freshwater otters are
vulnerableor endangered.About 75% of freshwater molluscsin the United
Statesare rare or imperilled.With the possibleexceptionof North America
and parts of Europe,nearlyall inland fisheriesshowsignsof overexploita
tion. Cichlid fisheries in LakeVictoria have been replacedby Nile perch
catches, but many of the endemie cichlids are extinct. Many stocks of
salmonids in western North America havebeen lost.

About half the world's wetlands havebeen lost. Ecosystemintegrity has
declined in about 25 million kilometresof riversfollowing the construction
of dams.Water quality in lakesin populated areashasdeclined, and many
lakesand riverscontain exotic species.

The few riverswhose ecosystemshavebeen restored,like the Thamesand
the ChesapeakeBaybasin,show that restorationof freshwaterecosystems
is possible.

Freshwater fish species threatened. selected countries
.)

Madagascar
Portugal
Croatia

South Africa
Spain

Mexico
Italy

Greece
United States

Hungary
Australia
Romania
Turkey

Moldova
Bulgaria

Slovak Rep.
Germany
Sri Lanka

Papua New Guinea _
Canada_
Japan _

o 5 10 15 20 25 30

Percent

Souree: McAllister, Hamilton, and Harvey1997; Groombridgeand Jenkins1998.
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an increasing rate throughout a large part of the world. Much
is unknown about the impacts of water resource develop
ment on ecosystems, and even basic data on water quality are
not available on agiobal scale. But we can still draw some
conclusions:

• There is a critica I need to integrate water and environ
mental management, as provided for under the concept
of integrated water resource management

• Investments are lagging behind urban needs for the col
lection, treatment, and disposal of municipal and indus
trial wastewater-and behind rural needs for more
efficient irrigation, drainage of surplus irrigation water,
and control of agricultural runoff.

• Water quality may be the biggest emerging water prob
lem in the industrial world, with the traces of chemicals
and pharmaceuticals not removed by conventional drink
ing water treatment processes now being recognised as
carcinogens and endocrine disrupters.

• Leaks of nudear waste into aquifers and surface water
have not been brought under control, especially in the
transition economies of Centra I and Eastern Europe. A
long-term solution for the safe disposal of nudear waste,
to prevent contamination of water resources, has not
been implemented anywhere.

• Half the rivers and lakes in Europe and North America are
seriously polluted, though their condition has improved in
the past 30 years. The situation is worse in developing
countries th at lack sewerage and industrial waste
treatment

35

The impacts of agriculture on water quality are lessvisible but
over time as least as dangerous, because many of the fertilis
ers, pesticides, and herbicides used to boost agricultural pro
ductivity slowly accumulate in groundwater aquifers and
natural ecosystems. Their impact on health may become clear
only decades after their use, but their more immediate
impact, through eutrophication, is on ecosystems. These
problems accumulate in fresh and saltwater bodies, such as
the Baltic and Black Seas.

Groundwater, the preferred source of drinking water for most
people in the world, is also being polluted, particularly through
industrial activities in urban areas and agricultural chemicals and
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Water supply shortfalls in Jakarta, Indonesia :

Jakarta's water supply and disposal systemswere designed for 500,000
people, but in 1985the city had a population of nearly 8 million-and
today, more than 15million.

The city sufferscontinuouswater shortages,and lessthan 25%of the pop
ulation hasdirect accessto water supplysystems.Thewater level in what
was previously an artesian aquifer is now generally below sea level-in
some places 30 metres below. Saltwater intrusion and pollution have
largely ruined this asa soureeof drinking water.

Souree: Sundblad 1999.

fertilisers in rural areas. InWestern Europe sa many nutrients are
spread over croplands that excess nitrate finds its way into
groundwater, ruining drinking water sources in Denmark,
France, and the Netherlands. The difficulty and cast of cleaning
up groundwater resources, once polluted, make the accumula
tion of pollutants in aquifers particularly hazardous (box 2.5).

Drying up
Same of the world's largest rivers do not reach the sea. In the
wake of economic development of the communities along
rivers comes an increase in water consumption th at depletes
the rivers of their reserves. At the extreme end of the spec
trum, the Amu Darya and Syr Darya-two major rivers in
Central Asia that feed the Aral Sea-have been deprived of
close to their entire water reserves for cotton irrigation. The
Huang He (Yellow) River in China did not reach the sea on
same days in 1972-or for seven months in 1997. The
Colorado River in the southwestern United States and the
Indus River, between India and Pakistan, are two of the many
other rivers in a similar predicament.

In same countries more water is being consumed by humans
than is being renewed by nature (box 2.6). And as popula
ti ons grow, more countries and regions will be in this unsus
tainable situation.

Extremes of flood and drought
While the preceding discussion focused on average flows and
quality, a key characteristic of water is its extreme events:
floods and drouqhts." Floods sometimes provide benefits in a
natural system, and same ecosystems depend on them.
Moreover, same people rely on floods for irrigation and fer
tilisation. But floods are better known for their devastation of
human lives and infrastructure (tabie 2.3).

People depleting the world's water

Fourbillion yearsago the atmospherearound the earth thickened, water
vapor condensed,and the oceans formed. The quantity of water on the
earth's surfacetoday is the sameas it wasat that moment in the historyof
our planet. Through the process of evaporation as part of the solar
powered water cycle,only a small amount of water falls as rain. Most of
this rainfall issoakedup by the soil, then usedbyplantsor evaporated.This
water nevergets counted in the wortd's renewablewater resources,but it
isthe enginethat drivesall ecosystemsasweil asrainfedagriculture.A small
part of all rainfall runs off over the surface into creeks and rivers, and
another part soaks through the soil to recharge groundwater reservoirs.
Only this amount, into riversand groundwater, is counted asthe econom
ically usabiewater supply. But rainfall is not evenlydistributed in time or
space,and about three-quartersof the river flows are flood waters.

In the 20th century the world population tripled
while water use multiplied sixfold!

Further consumption and
pollution depend on place
and time

Water in
nature

Sumof fossil water
being depleted and
water being returned
to ecosystemstoo
polluted for f>c()nom,(
reuse

Four billion ----JIr-----1800
years ago

1900 2000

Souree: World Water Vision stalt.

In the 19905 severe flooding devastated the Mississippi River
basin, and thousands of liveswere lost to flooding in Bangladesh,
China, Guatemala, Honduras, Somalia, South Africa, and most
recently Venezuela (White 1999). Internationally, floods pose
one of the most widely distributed natural risksto life; other nat
ural hazards such asavalanches, landslides, and earthquakes are
more regional (Clarke 1996). Damage, disruption, and deaths
from floods are comman. Between 1973 and 1997 an average
of 66 million people a year suffer flood damage (IFRC1999). This
makes flooding the most damaging of all natural disasters
(including earthquakes and drought). The average annual num
ber of flood victims jumped from 19 million to 131 million in
1993-97. In 1998 the death toll from floods hit almast 30,000.
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• Inequalities in use, access, participation

• Subsidies

The economic losses from the great floods of the 1990s are
10 times those of the 1960s in real terms. In addition, the
number of disasters has increased by a factor of five. There
has been a 37-fold increase in insured lossessince the 1960s.
Given the trend towards multiple risk insurance cover, which
normally includes flood losses, insurance losses will go up
even more. Yet the majority without flood insurance will con
tinue to suffer more.

How do floods compare with other natural hazards? They:

• Account for about one-third of natural catastrophes.

• Cause more than half the fatalities.

• Are responsible for one-third of the economic losses.

• Have less than a 10% share in insured losses (figure 2.3)

There are a number of reasons for the increase in the num
ber of catastrophes and in the amount of damage they cause:

• Population trends globally and in exposed regions.

• Increase in exposed values.

• Increase in the vulnerability of structures, goods, and
infrastructu re.

• Construction in flood-prone areas.

• Failure of flood protection systems.

• Changes in environmental conditions-for example,
clearance of trees and other vegetation and infilling of
wetlands th at reduces flood retention capacities.

Key water management issues

The fragmentation of institutions in the water sector is a seri
ous obstacle to the integrated management of water
resources advocated as the desired approach for several
decades. The people, organisations, and laws and regulations
for water supply and sanitation for residential use often have
very little to do with those applicable to the water used for,
say, irrigation, flood protection, or hydropower. And surface
and groundwater are often managed separately. On top of
the fragmented approach within the water sector come the
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Year Location
1421 Holland
1530 Holland
1642 China
1887 Yellow River, China
1900 Galveston, Texas, u.s.
1911 Yangtze River, China
1931 Yangtze River, China
1935 Yangtze River, China
1938 Yellow River, China
1949 Yangtze River, China
1953 Holland
1954 Yangtze River, China
1959 Japan
1960 Bangladesh
1963 Vaiont, Italy
1979 Morvi, India
1991 Bangladesh
1991 Philippines
1991 Huai River, China
1998 Central America
1998 Yangtze River, China
1998 India and Bangladesh

Souree: Whi!e 1999.

100,000
400,000
300,000
900,000

5,000
100,000
145,000
142,000
870,000

5,700
2,000

30,000
5,098
10,000
1,800

15,000
139,000
6,000
2,900
18,000
3,000
2.425

insufficient links to planning and management of other,
closely related, sectors. First and foremost is the link to land
use planning. As Falkenmark (1999) notes, a land use deci
sion is also a water decision. Planning and management of
land and water resources should be closely linked, or better,
completed integrated.

Inequalities in use, access, and participation
The supply-oriented approach to water management that has
been the main focus throughout the sector until recently
and still is in many places-assumes that making water avail
able to "society" or "the population" will provide adequate
access to everybody. It doesn't.

From the experience that supply-oriented projects and pro
grammes do not automatically reach a major group of
intended users has come the call for more participatory
approaches. About 10 years of experience with participatory
approaches to water management have led to a reconsider-
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ation of technologies and to taking into account the experi
ence, knowiedge, needs, and expectations of local water
users. Recognition by water agencies of the need to involve
and negotiate with different stakeholders-and establish
joint management systems-has increased the efficiency and
effectiveness of water projects and made water agencies
more accountable to users.

At the same time, the experience with participatory
approaches shows that identifying who uses water and for
what purpose is essential. Communities contain competing
interest groups-individuals and groups who command dif
ferent levels of power, wealth, influence, and ability to
express their needs, concerns, and rights. Where water is
scarce and vulnerable, those at the lower end of the power
spectrum wililose out. Efforts need to be made to ensure that
community participation is based on democratic principles
that increase social stability and create conditions for all stake
holders to be ensured fair rights, access to information, and
an adequate share in decisionrnakinq.?

Most of the 1.3 billion people living in poverty are women and
children, the largest groups systematically underrepresented
in water resource management (UNDP 1995). The ways water
resources are managed in and between different water sec
tors are highly gender-specific. And a gender-specific division
of tasks, means, and responsibilities implies th at the different
needs, interests, and experiences of women and men need to
be taken into account explicitly in water resource manage
ment (Van Wijk, de Lange, and Saunders 1998).

Subsidies that mask the high value of water
Governments-or, more accurately, taxpayers-are heavily sub
sidising irrigation, making both canal water and groundwater
available to farmers at no or minimal charge. The direct subsidy
to (surface water) irrigation in India, for example, is estimated
at $800 million a year, while the indirect subsidy (through sub
sidised electricity used to pump groundwater) is estimated at $4
billion a year (Bhatia, Rogers, and de Silva 1999).

The fact th at water for different uses is often provided tor
much less than the cost of providing it-or for free-Ieads
users to give it a low value. Water provided free of charge
does not get used wisely, or conserved and recycled. It does
not give users incentives to conserve water. Nor does it pro
vide sufficient revenues to operate and maintain water sys
tems, to invest in new infrastructure, or to research new
technologies. A centralised system that provides low-cost
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• Masking the value of water

• Dams and reservoirs

water but is not accountable or responsive to users can lead
to a vicious cycle in which systems deteriorate and require
more than normal rehabilitation.

Low water prices have hampered the introduction of water
saving technology and contributed to overuse. It is estimated
th at 150-200 cubic kilometres more groundwater is pumped
each year than is recharged in overexploited aquifers (Postel
1999). As aresuit groundwater tables are falling by up to sev
eral metres a year-with the risk of col lapse of agricultural
systems based on groundwater irrigation in the north China
plain, the u.s. high plains, and some major aquifers in India
and Mexico.

Obstacles and options for dams and reservoirs
Of the more than 39,000 large dams (a height exceeding 15
metres) in the 1998 New Dam Register of the International
Commission on Large Dams, almost 90% were built since
1950 (Lecornu 1998). They are a large factor in the "irriga
tion miracle." With a combined capacity of 6,000 cubic kilo
metres they offer development benefits through hydropower,
drinking water supplies, flood control, and recreation oppor
tunities. Dams increase the share of renewable water
resources available for human use. But they have also had
considerable environmental impacts, and a few very large
projects have displaced large numbers of people. In addition
to the 39,000 large dams are countless small dams th at per
form an economie function but block the migratory patterns
of fish and reduce naturally nourishing deposits downstream.

Reservoirs are silting up at about 1% a year on average,
through soil erosion upstream. Part of this, foreseen in the
design stage, has been accounted for in so-called dead stor
age. In other places developments upstream or incomplete
information at the time of design have led to considerable
underestimation of the siltation rate, with reduced life
expectancies for dams and reservoirs. In any case, some
investment is required simply to maintain and gradually
replace the infrastructure as it ages. During the 1990s dam
construction for large surface water reservoirs slowed to
being barely sufficient to maintain current global capacity, let
alone expand it at the rates of the 1950s to 1970s8

Dam professionals-such as those in the International
Commission on Large Dams and the International
Hydropower Association-have undertaken considerable
work on possible measures to mitigate dams' impacts. But the
general perspective in the environmental community is that
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mitigation does not work or has not been carried out as fore
seen in the feasibility or design phases. Opposition to new
large dams has become heated. Because of lack of agreement
between dam proponents and opponents on the develop
ment effeetiveness of dams, respected representatives of
both sides agreed to the establishment of the World
Commission on Dams, a joint initiative by the World
Conservation Union and the World Bank, with private sector
sponsorship and significant participation from developing
countries. The commission is expected to deliver a balanced
analysis of the benefits and costs of dams and the conditions
under whichtheir continued development is desirabie.

Notes

1. The World Water Vision is based on 1995 data for water
availability and use at the national level for residential, indus
triai, and agricultural purposes; these data are drawn from
Shiklomanov (1999) This is essentially the same database, but
updated, as used for the United Nations Comprehensive
Freshwater Assessment (Shiklomanov 1997) and the
International Hydrological Programme's report on world
water resources (Shiklomanov 1998).

2. Consumptive use is the part of water delivered to a use th at
evaporates, or is incorporated into produets or organisms
such that it becomes unavailable to other users. The upper
limit to consumptive use within a basin is the primary water
supply.

3. In most of India, for example, annual precipitation occurs
in just 100 hours. The other 8,660 hours of the year are dry
(Agarwal 1999).

4. More than 275 million hectares of land are currently irrigated.
An additional 150 million hectares have a drainage system only
(Mala no and van Hofwegen 1999, based on FAO data).

5. Here sanitation refers to the disposal of household waste
water and excreta. However, this waste issue should not be
addressed without taking into consideration related commu
nity design issuesof household solid waste disposal, industrial
waste disposal, and drainage.

6. Here flooding isbroadly defined as including both excesswater
caused by rainstorms that subsequently leads riversto flood (spill
over their banks) asweil assevere coastal storms or cyclones that
can lead to excesswater through largely tidal surges.
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7. User participation and sustainablesolutions may-in the
short term, at least-point in opposite directions. The most
effective way of preventing groundwater overdraught, for
example, is to recognise existing groundwater (property)
rights and givethe rightsholdersincentivesto limit accessand
reduce overpumping. Becausethe existing rights are often
not equitably distributed, this leads-at least in the short

term-to a conflict between equity and sustainableresource
management. We are grateful to John Briscoefor pointing
this out.

8. TheInternationalHydropowerAssociationand International
Commissionon LargeDamsestimate that in the 1990sabout
300 damsover 15metreswere constructed eachyear.
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Whether the water crisis will deepen and intensify
or whether key trends can be bent or turned towards sustainable

use and development of water resources-depends on
many interacting trends in a complex system

Our Vision for water in the 21st century is an expression of a desirabie future, based on an
exploration of alternative water futures. The alternative possible futures in this chapter form
a basis for the Vision expressed in the next chapter. Following a brief explanation of the
approach in the Vision exercise (scenarios and modeis), projected water use and stress in 2025
are explored.' Given the wide range of uncertainties affecting the water futures, there is also
a wide range in possible uses and stress. This range presents the potential for influencing the
outcome through actions focused on key issues that may prove to be turning points.

Turning points in water futures

Whether the water crisiswill deepen and intensify-or whether key trends can be bent or turned
towards sustainable use and development of water resources-depends on many interacting
trends in a complex system. Real solutions require an integrated approach to water resource
management. Crucial issues that may provide levers for very different futures include:2

Expanding irrigated agriculture

• Willthe rate of expansion of irrigated agriculture continue as in recent decades, or will it
slow down, as appears to be indicated by reduced investments in the sector?

Increasing water productivity

• Can improvement rates in water use efficiency-or preferably, water productivity3-be
increased drastically on short notice to ease the water crisis? Howcan technological and insti
tutional innovation be stimulated to improve these rates?

• Can water productivity for rainfed agriculture be accelerated?

• Will policies emphasise national food self-sufficiency or global food security (involving
governance and trade issues)?
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• Crucial issues

• Big questions tor each

• Scenarios and models

Developing biotechnology for agriculture
• Wh at contribution will biotechnology make to increased

water productivity?

• Will genetically modified crops gain public acceptance in
Europe and developing countries?

Increasing storage
• Can the recharge to aquifers used for irrigation be dras

tically increased to prevent a groundwater crisis-without
major environmental impacts?

• Will there be increasing or decreasing public opposition
to large dams in developing countries? Will the hydro
power potential in Asia, Africa, and Latin America be
developed at the rate of past decades to meet the rapidly
increasing demand for electricity?

• How can affordable water storage be created with
acceptable environmental and social impacts?

Reforming water resource management
institutions
• Will governments implement policies to charge the full

cost of water services? Will current trends towards decen
tralisation and democratisation empower communities to
select their own level of water services?

• Will the trend towards transferring management of water
systems to water users continue, and will these users be
assigned stabie water use rights?

• Can governments and the private sector form effective
public-private partnerships and develop a service
oriented approach to water management, accountable
to users?

• Will countries be prepared to adopt comprehensive
approaches to land and water management?

Valuing ecosystem functions
• Will wetlands continue to be claimed for agriculture and

urban uses at current rates? Or can this trend be stopped
or even reversed? And will wetlands receive enough
water of good quality to maintain their biodiversity?

• Will environmental or dry sanitation make the expected
breakthrough and become adopted on a wide scale?
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• Will there be increased demand for investments in waste
water collection, treatment, and disposal in rapidly devel
oping emerging economies? Will transition economies
upgrade their systems?

Increasing cooperation in international basins
• Will countries recognise the need to cooperate as scarcity

in international basins increases? Will they make binding
agreements on how to share the resources of rivers that
cross national boundaries?

Supporting innovation
• Will the public sector increase research funds to foster

innovation on public goods aspects of the water sector
such as ecosystem values and functions, food crop
biotechnology, and water resource institutions? Can
innovation be linked to effective capacity building, edu
cation, and awareness raising?

• Will science, with the help of information technology,
develop innovative approaches to improve water resource
data, real-time methods, seasonal drought forecasting,
and longer-term cyclone and flood warnings?

Scenarios and mode Is

Many sector and regional groups explored alternative water
futures for the World Water Vision exercise. At the globallevel
three primarily qualitative scenarios prompted the consultations
at the sector and regionallevels (Gallopin and Rijsberman 1999),
These scenarioswe re the starting point for several model-based
simulations of specific components of the water resource man
agement systern.' The sector and regional visions, the three
global scenarios, and the results of the modelling exercises are
the basis for the water futures described in this chapter.

The three global scenarios are:

• Business as usual-a continuation of current policies and
extrapolation of trends,

• Technology, economics, and private sector-private sec
tor initiatives lead research and development, and glob
alisation drives economic growth, but the poorest
countries are left bebind.

• Valuesand lifestyles-sustainable development, with anempha
sison researchand development in the poorest countries.?
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per capita availability of renewable water resources is
projected to fall from 6,600 cubic metres to

4,800 cubic metres

These three scenarios are not the only possible water futures,
and regional and sectoral Vision groups developed scenarios
th at are equally valid. Many groups and organisations outside
the Vision exercise have also developed scenarios of possible
or desirabie water futures. We are not advocating any of the
th ree global scenarios as the most desirabie future. Instead,
we explore dimensions of alternative futures. Chapter 4
espouses aVision.

The approach focused on developing qualitative scenarios to
allow incorporation of the many social, economic, environ
mentai, and cultural factors that shape the water future but
that cannot be model led quantitatively. The development and
discussion of qualitative scenarios provided a platform for con
sultation among many stakeholders with different back
grounds and perspectives. Models were then used to analyse
the consistency and coherence of the qualitative scenarios,
explore same of the consequences, and fill in same of the gaps.
The scenarios evolved in four rounds of development, discus
sion. feedback, and subsequent improvement-with interac
tions among the scenario developers, model Iers, reviewers, and
groups working on visions for sectors and regions.

The main farces affecting the global water scenarios are pop
ulation growth, economic growth, demographic change,
technological change, social trends, and environmental qual
ity (Gallopin and Rijsberrnan 1999). Eli1vironmental quality is
not a driver in the same sense as the ethers. because it is also
a direct response to them. But it is included here as an impor
tant trend to be closely monitored.

Water use is influenced by trends in the drivers, but water use
and development is-or can be, when weil managed-a dri
ver in its own right, with an important impact on economic
growth, social trends, and environmental quality. Recognition
of this broad integrated framework is crucial to achieving opti
mum economic, social, and environmental security through
integrated water resource management (annex table 3.1).

The scenarios describe the unfolding of a loeical. coherent,
and consistent storyline of related trends-but such trends
cannot simply be extrapolated. The scenarios show how same
trends, following the internal logic of the scenario, would
bend or break and how certain actions or policies, if imple
mented, could influence these and other trends. The scenar
ios and simulations are not described in detail in this report
but in the companion volume (Rijsberman 2000); same of the
key results are discussed below.

Projected water use and water stress in 2025

Because of population growth, between 2000 and 2025 the
global average annual per capita availability of renewable
water resources is projected to fall from 6,600 cubic metres
to 4,800 cubic metres." Given the uneven distribution of these
resources, however, it is much more informative that same 3
billion wamen and men wililive in countries-wholly or partly
arid or semiarid-that have less than 1,700 cubic metres per
capita, the quantity below which one suffers from water
stress (box 3.1 ).

WaterGAP model simulations based on the business as usual
scenario indicate th at by 2025 about 4 billion people-half
the world population-will live in countries where more
than 40% of renewable resources are withdrawn for human
uses. This is another indicator of high water stress under
most conditions.

Table 3.1 shows two diverging water use projections for
2025. The projections by Shiklomanov (1999) are based on
the assumption that current trends can be extrapolated-that
reservoirs will be constructed as in the past and that the
wortd's irrigated area will expand by 30% from 1995 to 2025.
The projections by Alcamo and others (1999), with analysis
using WaterGAP 2.0 of the World Water Visien's business as
usual scenario, assumes limited expansion of irrigated area,
which, combined with rapidly increasing water use efficiency,
leads to reduced agricultural use but a rapid increase in
municipal and industrial use linked to rising income and pop
ulation (annex table 3.2). The key difference between these
two projections-the amount of increase in irrigated land
is the first turning point discussed in more detail later in this
chapter.

Even though water use goes up significantly in bath projee
tions, neither scenario is based on satisfying the world's water
and water-related basic needs, particularly for food produc
tion and household use. Alternative futures th at satisfy these
needs are discussed later in this chapter.

In more developed parts of the world-that is, upper-middle
income and high-income countries-economic growth to
2025 tends to increase water use. But this increase is offset
by more efficient water use and the saturation of water
demands in industry and households. In addition, the amount
of irrigated land stabilises, and water for irrigation is used
more efficiently. As aresuit total water withdrawals decrease.
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• Expanding irrigation7

• Or stabie irrigation7

Assessing the stress on water

Unlikethe moretraditional conceptof waterscarcity,which focuseson quan
tity alone,waterstressdenotesreachingthe limitsof waterquantityasweil as
quality.Thereis no universallyadoptedmeasureof water stress,but perhaps
the mostwidelyusedisthe Falkenmarkindicator-renewable water resources
per capitaa year,often on anationalscale.Water stressbeginswhen there is
lessthan 1,700cubicmetresper personayearfor allmajorfunctions(domes
tic, industrial,agricultural,andnaturalecosystems)andbecomesseverewhen
there is lessthan 1,000cubicmetrespercapita,Butthe Falkenmarkindicator
doesnot accountfor the temporalvariabilityin wateravailabilityor for actual
use. ltsadvantageisthat the data arewidelyavailable.

An indicator that does account for (estimated)useisthe critica/ity ratio of
withdrawals for human use to renewable resources,This ratio is used for
the United Nations Comprehensive FreshwaterAssessmentand in the
WaterGAPmodel in this Report, Thevalue of the criticality ratio that indi
cates high water stress is based on expert judgment and experience. It
ranges between 20% for basinswith highly variabierunoff and 60% for
temperature zone basins.This report usesa threshold of 40% to indicate
"high water stress," The advantage of the indicator is that it is easy to
understand and basedon water resourcesasweil asuse.

Thecriticality ratre'sdisadvantageisthat withdrawals are not the bestesti
mate of use. Someusesare nonconsumptive and allow reuse,while oth
ers consumea smalleror larger part of tbe water withdrawn. Nor doesthe
ratio take into account availablewater infrastructure and water manage
ment capscity. Forexample, the ratio showsBelgiumand the Netherlands
as having very high water stress,Thisdoes not meanthat these countries
face severewater shortages for their projected human uses, Instead, it
meansthat a very large share of their water resourcesare used-that is,
have been developed, In such casesnatural ecosystemssuffer high water
stressbecausesucha largeshareof the resourceisdivertedfor human use.

A more precise(but much harder to estimate) indicator isthe current basin
use factor, It relates total consumptive use to the primary water supply.
When thisfactor is low-say, 30%-water could besavedand put to more
consumptive use.When this factor is around 70% it is difficult and often
undesirableto consumemore water. Savingwater and increasingthe con
sumptive usefactor require investmentand management.

The potential basin use factor relatestotal consumptiveuseto the usabie
water supply. The distinction between the renewableresourcesin a basin
and the primarywater supplyallowsdistinctionsbetweenphysicaland eco
nomiewater scarcity.

• Physicalwater scarcitymeansthat evenwith the highest feasibleeffi
ciencyand productivity of water use,countrieswill not havesufficient
water resourcesto meet their agricultural, domestie, industrial, and
environmental needs in 2025, Indeed,many of these countriescannot
meet even their present needs.Theonly options for them are to invest
in expensivedesalination plants-or to reducethe water used in agri
culture, transfer it to other sectors,and import more food.

• Economic water scarcity means that countries have sufficient water
resourcesto meet their needsbut wilt have to increasewater supplies
through additional storage, conveyance, and regulation systems by
25% or more to meet their needsin 2025, Thesecountries face severe
financial and capacity problernsin meeting their water needs.

Souree: Alcamo and others 1999; IWMI 2000,
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Two diverging projections for use of renewable
water resources for business as usual

Projections under the business as usual scenario show diverg
ing increases in water use-even without making sure all
demands get satisfied-with the largest uncertainty being
whether we keep expanding irrigation.

Cubickilometres
Expanding Stabie
irrigation irrigation----

Use 1950 1995 2025" 2025b
Agriculture

Withdrawal 1,100 2,500 3,200 2,300
Consumption 700 1.750 2,250 1,700

Industry
Withdrawal 200 750 1,200 900
Consumption 20 80 170 120

Municipalities
Withdrawal 90 350 600 900
Consumf'tion 15 50 75 100

Reservoirs(evaporation) 10 200 270 200'
Total

Withdrawal 1,400 3,800 5,200 4,300
Consumf'tion 750 2,100 2,800 2,100

Note: AI! numbersare rounded.
a, Shiklomanovprojection.
b. World Water Visionbusinessasusual scenario,Alcamo projections.
c. Alcamo and ethers do not calculate reservoir evaporation, but sincethe businessas
usualscenario developedby the World Water Vision assumesthat relativelylew addi
tional reservoirs wil! be built. Shiklomanov's 1995 estimate is usedto obtain compara
bie total use ligures,
Souree: Shiklomanov1999; Alcamo and others 1999.

Bycontrast, higher incomes in developing countries lead to
greater household water use per capita, multiplied by the
greater number of people. Meanwhile, economic growth
expandselectricity demand and industrial output, leading to
a large increase in water withdrawals for industry. Even
though water is used more efficiently in households and
industry, pressuresto increasewater use overwhelm these
efficiency improvements.

The result is a large increase in water withdrawals in the
domestic and industrial sectors of the developingworld, in
responseto risingpopulation and industrialisation,and higher
consumptionfrom higher incomes.In the World WaterVision
businessas usual scenario analysedby Alcamo and others
(1999), the increasein irrigated land doesnot keeppacewith
growing food dernand, Thismeansthat the amount of water
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is the most important determinant of water stress,
at least the stress related to quantity

withdrawn for irrigation decreasesslightly (becauseof effi
ciency improvements). Even 50, agriculture remains the
world's main user of freshwater, making more than half the
total withdrawals. Shiklomanov's projections, assuming
strong increasesin irrigation, show a large increasein water
for agriculture. For Shiklomanov'sprojectionsto be realised,
dam construction and groundwater extraction will have to
continue apace.

The sum of trends in all sectors: significant net growth in
water withdrawals in developing countries between 1995
and 2025. Adding together the trends in developed and
developing countries under the businessas usual scenario
results in an increasein global water withdrawals from 3,800
cubic kilometres in 1995 to 4,300-5,200 cubic kilometres in
2025 (seetable 3.1). The difference largelydependson how
much irrigated agriculture doesor does not expand.

Becauseof the increasein water withdrawals, the pressureon
water resourceswill grow significantly in more than 60% of
the world (Alcamoand others 1999), including large areasof
Africa, Asia, and Latin America. Will th is lead to more fre
quent water crises?Thatdependson how muchwater isavail
able relativeto withdrawals-and on countries'ability to cope
with increasing pressure on water resources. That is, it
depends on whether countries face physical or economic
water scarcity-and whether they havethe resourcesto over
come economicwater scarcity(seebox 3.1).

The effect of high water stresswill differ in different coun
tries. In developed countries water is often treated before it
is sent to downstream users,and industry recyclesits water
supply fairly intensively. For these and other reasonsdevel
oped countries can intensively usetheir water resources(as
indicated by a criticality ratio greater than 40%) without
major negativeconsequences.

Most developing countries, by contrast, do not treat waste
water, and their industries do not intensively recycle their
water supplies.So, the projected intensiveuseof water here
will lead to the rapid degradation of water quality for down
stream users-and to frequent and persistent water
emergencies.

Expanding irrigated agriculture

The rate of expansionof irrigated land isthe most important
determinant of water stress, at least the stress related to

quantity. Thereare two contrasting views on how the trend
in irrigated agriculture expansionwill continue or bend, with
important groupsof stakeholdersweighing in on both sides.

Theconventionalwisdom in agriculture is that, basedon the
need to produce food for the growing world, irrigated agri
culture will have to keep pace-and therefore expand by
some 30% in harvestedarea by 2025. This position, sup
ported by the Foodand Agriculture Organization (FAO)and
the International Commission on Irrigation and Drainage
(ICID), is also reflected in Shiklomanov's (1999) projections
and the InternationalWater Management Institute's (IWMI)
first projection (Seckierand others 1998). The conclusionof
these analyses,under optimistic assumptions on yield and
efficiency improvements,is that water usefor agriculturewill
haveto increaseat least 17% from 1995.

The other perspective-supported by environmentalistsand
by a number of stakeholders in agriculture-holds that a
slowdown in dam building and irrigation investments,com
bined with the consequencesof falling groundwater tables.
wililimit the expansionin irrigated area to 5-10%. Thecon
sequencesof such a scenariowere analysedin the visien's
business as usual scenario (Rosegrant and Ringier 1999;
Alcamo and others 1999; IWMI 2000).

Bothscenariosarepersuasive.TheFAO'slonger-termdata on
the increasein irrigatedareado not show acleardeclineother
than inOECDcountries.Buta slowdown inagricultural invest
ment is a clear indication that the expansionin area is likely
to slow asweil. According to Rosegrantand Ringier(1999),
the growth in global irrigated areadeclinedfrom 2.2% ayear
in 1967-82 to 1.5% in 1982-93.

Analysis of the two alternatives shows that neither is
attractive:

• Unattractive alternative 1. The 30% increasein irrigated
arearequiresmajor investmentsin water infrastructure,a
considerablepart of which would have to be through
large dams.Therewould also be severewater scarcities
and serious risks of major damage to ecosystems
(Shiklomanov1999; Seckierand others 1998).

• Unattractive alternative 2. Astrong reduction in irrigation
expansion-under otherwise unchangedpolicies,or busi
nessasusualaselaboratedby the ScenarioDevelopment
Panel(Alcamo and others 1999; Rosegrantand Ringier
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Under the business as usual scenario, domestic water withdrawals in
Sub-Saharan Africa increase from about 10 cubic kilometres in 1995
to 42 cubic kilometres in 2025. Why? Because higher incomes lead 10
higher per capita water use,even though technology tends to make
water usemore efficient.

In West Africa in 2025 domestic water use is 34 cubic metres a
person-2.1 times its 1995value but still far below Western Europe's
105 cubic metres a person per year. Industrial water use also
increases-from about 3 to 16cubic kilometres a year between 1995
and 2025.

Becauseof abundant rainfall, there will likely be enough water
to cover the increase in domestic and industrial water use. 50, the
question is whether water distribution systemscan expand fast
enough to fulfill the needsof growing population and industry. To
cover the growth in water withdrawals, municipal water capacity
must expand by 5.5% a year and industrial capacity by 7.1% a year.

In South and East Asia irrigated area under the businessas usual
scenariogrows only slightly between 1995and 2025,while irrigation
efficiency improves. The effect is a decrease in water used for
irrigation from 1,359to 1,266cubic kilometres a year. At the same
time, strong economie growth leads to more material possessions
and greater water use by households, increasingwater withdrawals
for domestic use from 114 to 471 cubic kilometres a year. This
economie growth also requires larger quantities of water for Asian
industry, increasingfrom 153to 263cubic kilometres a year.

The sum of these trends is an overall increase in water
withdrawals between 1995 and 2025. Thus the pressure on water
resourceswill become even greater than was experienced in 1995,
when about 6.5 million square kilometres of river basin area were
under high water stress.That area increasesto 7.9 million square
kilometres in 2025. The number of people living in these areasalso
grows tremendously-from 1.1billion to 2.4 biIIion.

Water withdrawals in Western Europe are growing slowly or not at
all as households, industry, and agriculture become more water
efficient. The per capita useof water in householdsgoes up slightly
with the economiegrowth of the businessasusualscenariobetween
1995 and 2025, but the amount of water used by industry per
megawatt-hour goes down becauseof greater recycling and other
efficiency improvements.The amount of irrigated areastabilises,and
new technology increasesthe efficiency of irrigation systemsso that
there isalsoa decline in the amount of water usedper hectare.

Although water withdrawals go down, the pressure on water
resourcescontinues to be high in some areasbecauseof the density
of population and industrial activity. 50, someriver basinsremain in
the high stresscategory with sharp competition among industrial,
domestic, and someagricultural users.
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• More erop per drop

• More storage

1999; IWMI 2000)-will causeconsiderablefood short
agesand rising food prices.

Both alternatives-unattractive and unsustainable-would
considerablydeepen today's water crisis.Thusthere isevery
motivation to implement policiesthat makefood production
and water resourcemanagement more sustainable.

Increasing water productivity

At the heart of the question of whether awater crisiscan be
averted iswhether water can be made more productive.The
more we produce with the sameamount of water, the less
the need for infrastructure development, the lessthe compe
tition for water, the greater the local food security, and the
more water for agricultural, househeld. and industrial uses.
And the more that remainsin nature.

IWMI (2000) concludesthat sustainablewater management
and food production is possible but requires two major
improvements in water resource and irrigation technology
and management:

• Greater water productivity: more erop per drop. Thepro
ductivity of water usemust bedramaticallyimproved.The
IWMI base scenario relies on meeting about half the
increaseddemand for water in 2025 by increasingwater
productivity, taking manyopportunities for improving the
management of water. The first task is to understand
where these opportunities exist. Recycling, although
widely prevalent, still holds potential for saving water.
Gains are also possible by providing more reliable sup
plies-through precision technology and through feed
back systerns.? Supplemental irrigation with low-cost
precision technology offers a meansfor poor farmers to
produce more. With competition for water on the rise,
these solutions will require major changesin the institu
tions responsiblefor managing water.

• More storage: developing additional resources. Theother
half of increaseddemandmust bemetbydevelopingaddi
tional water supplies,but at much lower economie,social,
and environmental costs (IWMI 2000). The additional
water storage and conveyancerequired by 2025 is esti
matedbythe IWMIat some400 cubickilometresayearfor
expansionof irrigatedagriculturealone.Suchanexpansion
may be viewed asmoderate by the irrigation community,
but it isunlikelyto bewell-receivedbyother users.Feeding
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the world without this expansion, however, requires a
strategythat putsmoreemphasison otherwaysto increase
food production-such as intensifyingrainfed production
and improving managementof water in existing agricul
tural areas.An additional 200 cubic kilometresmight be
required to replace the current unsustainableovercon
sumptionof groundwater (PosteI1999).Forfinancial,envi
ronmental, andother reasonsa largepart of the additional
storagerequirementshouldbemet usinga mixof ground
water recharging and aquifer drawdowns, developing
alternative methods for storing water in wetlands, har
vesting rainwater, and relyingon traditional technologies
suchastanksandothersmall-scalealternatives,ratherthan
by building large-scalesurfacestoragefacilitiesalone.

Increasingthe productivity of water is central to producing
food, to fighting poverty, to reducingcompetition for water,
and to ensuring that there is enough water for nature.
Achieving the greater productivity needed to resolve the
water crisis will not happen automatically-it will require
great effort. But it is possible,especiallyin developing coun
tries, where water productivity is far below potential. For
cerealgrains, for example,the range in water productivity
in biomassproduced per cubicmetreof evapotranspiration
is between 0.2 and 1.5 kilogramsper cubic metre. As a ruIe
of thumb, that value should be about 1 kilogram per cubic
metre (IWMI 2000) If a country's demand for grains grows
by 50% by 2025, onewayto matchthe increaseisto increase
water productivity by 50%.

Meeting this challengewill requirea far greatereffort andsig
nificant changes in how water is managed.What needs to
change? Where are improvements required? The biggest
booststo water productivity havecomefrom better plant vari
eties and agronomie practices.Getting more erop per drop
came from introducing shorter-duration and higher-yielding
crop varieties. Adding fertilisers also pushes up yields and
water productivity. Thiswasthe heartof the greenrevolution.

With a stabie water supply through irrigation, agricultural
productivity has risen dramatically in the past 50 years. But
scopefor improvement remains.Inmanyareaspotential pro
ductivity is not realised-Iargely becauseof poor irrigation
water management. Without a stabie supply of irrigation
water, farmers cannot achievetheir production potentlal.

Forexample,wheat yieldsandwater productivity vary greatly
in three locations with somewhat similar environments (fig-
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that there is enough water for nature

ure 3.1). In a desertenvironment India'sBhakrairrigation sys
tem-across the border from the PakistaniPunjab-supplies
a major part of India's breadbasket.The Imperial Valley in
California isalsoin a desertenvironment.Within the Pakistani
Punjab,yieldsvarygreatly-with some farmers as productive
asthose in California,andsomeway below the average.Even
though production dependson environmental, market, soil,
and other conditions not equal aerosssites, there appearsto
be scopeto manageresourcesfor higher productivity.

In OECDcountries industrialwater productivity hasinereased
rapidly in the past 20 years, in responseto rising pricesand
stricter environmental standards for industrial wastewater.
With the expectedinereasein the cost of providing water to
industry-if usersare chargedthe full-cost price-this trend
could accelerate.

How can productivity be improved in agriculture-the largest
water user?A precondition is that the same conditions are
introduced as elsewhere: payment for water services,
accountability of managersto users,and competition among
public and private suppliers..Then there are a range of tech
nicaland managementoptions to improve productivity. First,
through better agronomic practices(IWMI 2000):

• Crop varietal improvement. Plant breeding plays an
important role in developing varieties that yield more
mass per unit of water consumed by transpiration. For
example,by shorteningthe growth period while keeping
the same yield, production per unit of evapotranspi
ration increases.Thisincludescontributions from biotech
nology.

• Cropsubstitution. Switching from a more to a lesswater
consuming erop or switching to a erop with higher eco
nomic or physicalproductivity per unit of transpiration.

• Improvedcultural praetiees.Better soil management, fer
tilisation, and pest and weed control inereasethe pro
ductivity of land and often of water consumed.

And second,through better water management practices:

• Better water management. Better timing of water sup
plies can reduce stressat eritical erop growth periods,
increasingyields.When the water supply ismore reliable,
farmers tend to invest more in other agricultural inputs,
leading to higher output per unit of water. Controlling
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salinitythrough water managementat the project or field
levelcan prevent reductions in water productivity.

• Deficit, supplemental, and precision irrigation. With suf
ficient water control. it ispossibleto usemore productive
on-farm practices.Deficit irrigation isaimedat increasing
productivity per unit of water with irrigation strategies
that do not meet full evaporativerequirements.Irrigation
supplementing rainfall can increasethe productivity of
water when a limited supply ismadeavailableto eropsat
eritical periods. Precisionirrigation, including drip, sprin
kler, and level basins,reducesnonbeneficialevaporation,
applieswater uniformly to erops,and reducesstress,and
socan inereasewater productivity (IWMI 2000)8

• Realloeating water from lower- to higher-value uses.
Shifting from agriculture to municipal and industrial
uses-or from low-value to high-value erops-can
inereasethe economie productivity or valueof water. As
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a result of such reallocation, downstream commitments
may change, with serious legal, equity, and other social
considerationsthat must be addressed.One option here
is trade in virtual water.

Tradecanhelpalleviatewater scarcity(AllanandCourt 1996).
Countrieswith plentiful water should export water-intensive
crops,suehasrice,to water-scarcecountries.Accordingto an
earlier analysis by the International Food Policy Research
Institute (IFPRI)that did not take water into accountasa con
straint, world trade in food will increasesubstantiallybetween
1995 and 2020 (Rosegrant. Agcaoili-Sombilla, and Perez
1995) Tradein meat will triple, that in soybeanswill double,
andthat in grainswill risebytwo-thirds. Developingcountries
will substantiallyincreasetheir imperts. while the exportswill
come mainly from the United States,Canada,Australia,and
Argentina. The analysisconcluded that this increasewould
satisfyworld food demand, but not substantially reducethe
number of undernourishedpeople.

More food exportsfrom industrial countriesarenot a solution
for the 650 million poor and undernourishedpeople in rural
areas.Most live where agricultural potential is low and nat
ural resourcesarepoor (Leonard1989).Theyalsolive in areas
that suffer from periodic or chronic shortagesof water. For
them, accessto water means local production of food that
generates employment and income-and is sufficient and
dependableenough to meet local needsthroughout the year,
includingyearsunfavourablefor agriculture (Conway1999a).

A recent IFPRIanalysisof the three World Water Vision sce
nariosalsoconcludedthat international trade in food will rise
rapidly-for different reasons(Rosegrantand Ringier1999).
If agriculture does not expand rapidly, then the increased
trade wililargely comefrom water-constrained limitson food
production. Under the other two scenarios-which explorea
range of measuresto increasefood production in projected
deficit areas-the increased trade can only be caused by
faster economiegrowth in the developingworld, which will
lead to additional food demand, outstripping even the local
increasesin production.

DavidSeckierhas pointed out that the increasein trade will
likely be constrainedby the needfor foreign exchangeto pay
for the imports (IWMI 2000). Becauseof strong competition,
it is unrealistic to expeet all countries to move their scarce
resourcesinto the production of higher-valuecrops.Thusthe
IWMI scenarioassumesthat trade will remain at the current
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percentage of food consumption-that is, a maximum
30-40% increasein volumestraded (lWMI 2000).

Developing biotechnology for agriculture

According to Conway(1999a),the application of advancesin
biotechnology-including geneticengineering,tissueculture,
and marker-aided selection (which usesDNA technology to
detect the transmissionof a desiredgene to a seedlingaris
ing from a cross;box 3.2)-will be essentialfor:

• Raisingyield ceilings.

• Reducingexcessivepesticideuse.

• Increasingthe nutrient value of basicfoods.

• Providing farmers on lessfavoured lands with varieties
better able to tolerate drouqht, salinity, and lack of soil
nutrients.

Indeed, biotechnology should be seenasan element of what
Conway (1999b) hasdubbed the "the doubly green revolu
tion". That revolution consistsof ecological approachesto
sustainable agriculture, greater participation by farmers in
analysis,design,and research,and the application of modern
biotechnoloqy to the needsof the poor in developing coun
tries, particularly those in drought-prone areas.

The experts disagree on the potentialof biotechnology to
increase food production. Seckier, for instanee, does not
expectbiotechnology to addmore than 5-10% to the world's
food production over the next25 years(IWMI 2000). Conway
(1999a), however, believesthat overthe next 10yearswe are
likely to see much greater progress in multiple gene intro
ductions that focus on output traits or on hard to achieve
input characteristics,and that a high priority will be to engi
neer crops for drought toleranee.

Heconcludesthat while the potential benefits of biotechnol
ogy are considerable,they are unlikely to be realisedwithout
taking somecrucialsteps.Poorruralfarmers in drought-prone
regionsare unlikely to adopt thesecropsunlessthe seedsare
provided for free or at nominal cost. Thiswill require heavy
public investment, by governments and donors, in the
researchand distribution of seedsand technical advice.And
these efforts will need to focus on crops-cassava, upland
rice,African maize,sorghum,millet-that arefood staplesfor
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remains an essential element of water resource management in all areas
especially South Asia

Tissue culture and marker-aided selection techniques

Most new varietiesare the result of tissueculture and marker-aidedselec
tion teehniques.A ricevarietyfrom tissueeulture---calledLaFenRockefeller
by the Chinesebreederwho developed it-is increasingyieldsby 15--25%
for farmers in the Shanghai region. Seientistsat the West Africa Riee
DevelopmentAssociationhaveusedanother culture to crosshigh-yielding
Asian riee with traditional Afriean riee.The result: a new plant type that
looks Iike Afriean rice in its early stagesof growth (it grows in dry eondi
tions and can shade out weeds) but beeomesmore like Asian rice as it
reaehesmaturity, resulting in higher yieldswith few inputs.

In another breakthrough, seientists announeed recently that they have
inereasedthe amount of vitamin A in a new variety referredto as "golden
riee"-important for reducingvitamin A defieiency,whieh isamajor eause
of blindness.

Marker-aidedselectionis being used in rieeto pyramid two or more genes
for resistaneeto the samepathogen, inereasingthe durability of resistanee,
and to aecumulate severalgenes, contributing to drought toleranee. For
sometime to come, this is likely to be the most produetiveuseof bioteeh
nology for cereals.

Source: Conway 1999a.

people in drought-prone regions, who need increasedyield
stability asmuch as increasedyield.

The growth of transgenic crops, likely to be extremely vari
able in different parts of the world, has different effects on
different continents. In North America transgenic crops
already dominate among some crops. In Europe a lack of
public acceptancemay reduce food imperts. causing higher
food pricesand demand for water to produce food domes
tically, creating trade conflicts between Europe and North
America. In developing countries the adoption of transgenic
crops is likely to be highly variabie, opening conflicts
between governments and private companieswith patents
for numerous new varieties. The developing world needsto
have accessto these technologies and to make its own
choices(box 3.3)

Increasing storage

Increasingwater storage, retaining flood waters until the
moment neededfor humanuse.remainsanessentialelement
of water resourcemanagement in all areas-especially South
Asia,where a huge percentageof annualflows arecontained
in a limited number of floods. Theoptimum strategyappears
to bea combination of storage in aquifers, in tanksand other
traditional microstructures,and behind smalland largedams.

The developing world cannot afford to forgo
agricultural biotechnology

"Too little attention is paid to the effect of new agricultural technologies
on the world's poor andhungry", saysPerPinstrup-Andersen,direetorgen
eralof the International Food PolicyResearchInstitute, in an article sum
marisedhere. Most of thesepeople live in developing countries, and they
stand to benefit more than anyone from biotechnology. While
"Frankenfood" and "terminator seeds"arebuzzwords in Europeanmedia
and increasinglyin the UnitedStates,smallfarmers inAsia,Africa, and Latin
Americamustwonder what the fuss isabout. Forthem, the heateddebate
over agricultural biotechnology risks closing off a huge opportunity to
improve their lives.

Agricultural bioteehnology can help farmers in developing countries pro
duce more-say, by developing new erop varieties that are tolerant of
drought, resistantto insectsandweeds,andable to capture nitrogen from
the air. Biotechnology can also make the foods farmers produce more
nutritious by increasingthe vitaminA, iron, and other nutrients in the edi
bie part of the plant.

A few private corporationsthat focuson agriculture in industrial countries,
where they expect the highest return on their investment, do most of the
biotechnology research. Governments must invest in biotechnology
researchto help poor farmers,andthe publicand privatesectorsmustwork
aspartners.Thepotentialof new agriculturaltechnology isenorrnous,par
ticularly for the poor in developingcountries.Condemning biotechnology
for its potential riskswithout consideringthe alternative risksof proIong
ing the human miserycausedby hunger, malnutrition, and child death is
as unwise and unethical as blindly pursuing this technology without the
necessarybiosafeguards.

Source: International Herald Tribune.28 October 1999.

Building dams
Many large dams-defined by the International Commission
on large Dams(ICOlD) as those higher than 15 metres-are
not particularly controversial.The International Hydropower
Associationestimatesthat about 300 largedamsarecurrently
built every year, not much more than what is required to
replace the wortd's capital stock of 39,000 large reservoirs,
and down considerablyfrom the number built in 1960-80.

New damshavebecomea lot lesspopular in OECDcountries
over the past 10-20 years.Butabout 70% of the hydropower
potential in thesecountries hasalreadybeen developed,and
there is little incentive to increaseagricultural areas, other
then to increasefood exports.Thusthe need for more dams
is limited. The future of dams in OECDcountries is probably
as much about decommissioning dams as about building
them-about using dams and reservoirs for recreational
and environmental purposes as weil as for economie
development.

i
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New large dams have also become controversial in develop
ing countries, as with the well-known Narmada project in
India and the Three Gorges project in China, because of the
impacts on the environment and the displacement of people.
It is possible to mitigate such impacts, and the dam-building
community has done extensive work on possible measures.
But the experience with implementing these measures has
not persuaded the opponents of dams. Later this year, the
World Commission on Dams will produce guidelines on the
conditions under which the overall impacts of dams mayor
may not be beneficial,

Onlya small part of the economically feasible hydropower in
Africa (6% of 1,000 terawatt-hours a year), Asia (20% of
3,600), and Latin America (35% of 1,600) has been devel
oped (IHA 1999). Countries in these regions may decide th at
they do not want to develop their hydro potential to the same
level as OECD countries (70%) But it is likely that they will
decide th at the social optimum for hydropower is higher than
their current levels of development

Recharging groundwater
Storing water in aquifers is a compelling solution given the
overdrawing of groundwater in China, India, North Africa,
the United States, and elsewhere. The threat that overdraw
ing poses for those who depend on water for their liveli
hood-and those who depend on the food produced (box
3.4)-is omineus. New techniques and institutional mecha
nisms are urgently needed to recharge groundwater aquifers.
Such mechanisms will include limiting access and providing
incentives to users to limit or stop overpumping. The two
routes open are to issue permits and control use or to recog
nise use rights and provide rights holders with incentives to
conserve the resource. The second approach isgenerally more
effective.

To make groundwater visible, groundwater protection zones
could be created, with special measures for recharge and for
reductions on abstraction. All groups affected by the
"groundwater rush" -and the ensuing water scarcity, land
degradation, water quality 1055, and poor public health
need to be enlisted in initiatives to tackle the challenges. They
include water user groups, local politicalleaders and civil soci
ety, and politicians and diplomats negotiating with riparian
neighbours to reduce abstractions from common groundwa
ter. The media and genera I public, unaware that this invisible
"water savings account" is seriously depleted and under
threat. must also be closely involved.
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Groundwater for agriculture

One of the greatesttechnical revolutions in irrigation has:beenthe devel
opment of the small pump. Tensof rnillions of small pumps are drawing
water out of aquifers to irrigate crops. Beca.usepump irrigation provides
water on demand, yields from pump irrigation ean be two to three times
those from eanalirrigation. More than half the irrigated areain Indiais now
suppliedby groundwater. And sinceirrigation suppliesabout half the food
produced in India, a third or more of that production dependson these
humbie devicesand the aquifers that feed them.

Much the sameistrue in other arid eountries.Vet almost everywherein the
world, groundwater tablesarefalling at alarming ratesin areasthat depend
on irrigation from groundwater. Inmanyof the most pump-intensiveareas
of Indiaand Pakistan,water tablesare falling by 2-3 metresa year.This is
not surprising:the evaporation lossesof a typicaleroparearound0.5 metre
of water table depth, and the yieldof water in anaquifer isabout 0.1 metre
per metre of depth. Without recharge, groundwater tables would fall by
about 5 metres a erop. Most of these areas receive enough rainfall to
recharge the aquifers, but most of the rainfall goes to runoff-not to
reeharge.We desperatelyneed to change that relationship.

It isno exaggerationto saythat the food securityof China, India,Pakistan,
and manyother countries in 2025 wililargely depend on how they man
age groundwater. Reducingpump irrigation is na answer, for that simply
reducesthe most productive agrieulture. Theanswerhasto be in ground
water recharge,not an easysolution. Indeed, na one hasdeviseda eest
effective way to do it on the scalerequired. About the only plausibleidea
is to eneaurage,through subsidiesif necessary,flooded paddy(rice) culti
vation in lands above the most threatened aquifers in the wet season.
Paddyirrigation, with high percolation losses,is inefficient from a tradi
tional point of view. But from the point of view of groundwater recharge,
it makes sense.As it turns out, India has been doing preciselythis on
180,000 hectaresfor the past 10 years.

Souree: IWMI 2000.

Harvesting rainwater
Rainwater harvesting, generally a socially attractive alterna
tive to large construction, provides opportunities for decen
tralised, community-based management of water resources.
But rainwater harvested upstream reduces the runoff other
wise available to others, or the environment, downstream
(unless it would have run to a sink). Nor is harvesting rainwa
ter any more free of environmental costs than taking water
from streams for irrigation (box 3 5).

New reservoirsmay produce cheap water, but they are expensive
in environmental terms. Groundwater provides excellent on
demand storage, but if left unregulated it can easily be overcon
sumed, affecting other users. Thus, for every alternative, a
complete balance of benefits and disadvantages needs to be
drawn up. In most casesthe best solution will be a combination
of surface and groundwater use,with a range of storage options.
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Rainwater harvesting

Rainwater harvesting has considerable potential for meeting drinking
water and irrigation needsin the paar regionsof the developingwarld and
for recharging depleted groundwater aquifers. The total rainfall endow
ment of an areaof one hectare in an arid environment with just 100 mil
limetresannual rainfall is asmuch as 1 million litres per year.

Peopleon the Indian subcontinent havean ancient tradition of rainwater
harvesting.Theydependon the mansaan,which bringslarge quantities of
rain in highly concentratedevents.Overthe years,with community partic
ipation in water management taking a backseat,this tradition went into
decline. But it is showing signs of revival in areassuffering from acute
deforestation and poor land management. Theseenvironmental changes
have upset the hydrological cycle sa much that these areashavebecome
intenselydrought-prone.

• In the 1970stwo highly ecologically degradedand economicallydesti
tute villages-Ralegan Siddhi in Maharashtra (where annual rainfall
rangesfrom 450 to 650 millimetres) and Sukhomajriin Haryana(with
annual rainfall around 1,100 millimetres)--took to rainwater harvest
ing, the first for groundwater recharge,the-seeendfor surfacestorage.
With morewater available,thesevillagesslowlyimprovedandstabilised
their agricultural and animal husbandry outputs and are today food
exporters rather than food importers.

• In the mid-1980sTarun BharatSangh,a nongovernmentalorganisation
working in the Alwar district of Rajasthan,encouraged the drought
prone village of Gopalpura to revive its water harvestingtradition of
capturing surfacerunoff. By1998 the successof Gopalpurahadeneout
aged 650 other villagesin the drought-prone district to undertakesim
ilar efforts, leading to higher groundwater levels, increasedand more
stabieagricultural incomes, and reduceddistressmigration.

• With 70 villagesbuilding 238 water harvestingstructuresin onewater
shed,the 45-kilometre Arvari River-which previouslyftowed for just a
few months during the monsoon season-now flows year round. And
the increasedgroundwater recharge is making life easierfor innumer
ablewamen livingalong the river.Village communitiesalong the Arvari
Riverhaveeven formed a RiverParliamentto regulate useof the river
and the groundwater resourcesof the watershed.

• Impressedby the outstanding achievementof RaleganSiddhi, Digvijay
Singh, chief minister of the state of Madhya Pradesh.replicated the
effort in 7,827 villages. Between 1995 and 1998 the project covered
nearly3.4 million hectaresof land through a highly participatorywater
sheddevelopmenand rainwater harvestingprogramme.Villagewater
shedcommitteeswere created to undertake the programmeand turn
water management into a people's movement.

• Rainwaterharvesting is not just for paar villages.It isbeing promoted
in the Sumidaward of Tokyo to reduce urban floods and in the Indian
city of Chennai (formerly Madras) to recharge groundwater aquifers
that becamesaline becauseof overextraction and seawater.And the
latest terminal of Frankfurt Airport-built in 1993-captures 16,000
cubic metres of rainfall from its vast roof for such low-grade water
needsascleaning, gardening, and flushing toilets.

Souree: Agarwal 1999.

Reforming water resource
management institutions

The biggest challenge in water resource management
remains institutional. Political will must change deelsionmak
ing to include all stakeholders, especially women, so that
stakeholders have the power to manage their own resources.
Public and private management of water can only be
improved through greater accountability, transparency, and
rule of law.

Pricing water services
As described elsewhere in this report, making water available
at low cost, or for free, does not provide the right incentive
to users. Water services need to be priced at full cost for all
users, which means all costs related to operation and rnain
tenance and investment costs for at least domestic and indus
trial users. The basic water requirement needs to be
affordable to all, but this can be do ne more effectively than
by making all water available to all users at way below cost.
Pricing water will provide an incentive for the private sector,
large and small, domestic and international, to get involved.
It has the potential to provide the dynamics-the funds for
research and development, for instance-that the sector
lacks.

Making managers responsive to users
Service-oriented management focuses on making man
agers responsive to user needs. This requires the devel
opment of a mutual dependency-such as service for
payment-that can take various forms, including service
agreements. These provide a detailed description of services
to be provided, payments in return for services, verification
of service provision, consequences of failing to comply with
agreements for both parties, and rules for arbitration of
conflict.

The service needs and expectations of userswill be influenced
by the price they have to pay for those services, especially if
they have to pay the full cost. Recognising that services can
be provided in different ways using different levels of tech
nology at different levels of eest. service-oriented manage
ment thus requires a mechanism to ensure that the services
needed by users are provided at the lowest possible cost.
Consultation processes, clear service relationships, transpar
ent administration, and accountability mechanisms are
among other conditions that have to be put in place for effec
tive service-oriented management.
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• Empowering communities

• Restructuring irrigation system management

• Valuing ecosystem functions

• Increasing cooperation in international basins

Empowering communities, women, and men
The essence of Vision 21-the sector Vision on water for peo
ple-is to put people's initiative and capacity for self-reliance at
the centre of planning and action. Water and sanitation are
basic human needs-and hygiene isa prerequisite. Recognising
these points can lead to systems th at encourage genuine par
ticipation by empowered men and women, improving living
conditions for all, particularly women and children.

Vision 21, in its approach to people-centred development,
takes the household as the prime catalyst for change, the first
level in planning and management of environmental services.
Change in the household or neighbourhood leads to ripples
of cooperation and action involving communities and local
authorities-and then to actions by district, state, national,
and global authorities.

A new alliance of local people, nongovernmental organisa
tions (NGOs), and water agencies can contribute much to
achieving the World Water vision. Community-Ievel action
programs could include:

• Watershed action programs in which local people work
with NGOs and research organisations to promote con
servation and local empowerment.

• Local councils that tackle local problems in water rehabil
itation and poltution.

• Basin-Ievel organisations for integrated water
management.

• Construction of groundwater recharge wells to improve
village water supplies and aquifer management.

• Disaster preparedness linked with community action.

• Drought relief efforts that mobilise work and food
supplies.

• Community action in controlling waterborne discase.

• Local action for monitoring water quality, erop selection,
and quality control of produce irrigated with effluent water.

Restructuring irrigation system management
Restructuring irrigation systems to provide more benefits to
the poor involves a mix of technical and institutional reforms.
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Bringing the poor into the dialogue on system priorities can
yield new ideas th at benefit all stakeholders. New approaches
that show potential include:

• Improving designand operations. Participatory consulta
tions can reveal inequities in water distribution and pos
sibie steps to improve performance. Such consultations
can be especially useful during water-scarce periods,
when poor and female irrigators may have a particularly
hard time obtaining water. For example, flexible cultiva
tion rights can reallocate irrigated land during seasonal
water scarcity.

• Extendingnew water availability to the paar. When reha
bilitation improves the water supply, new water rights can
be given to the poor or those without irrigation. Nepal
and Peru offer examples.

• Linking irrigation management transfer to service
improvements. Irrigation management transfer pro
grammes offer new opportunities for representation for
small farmers and women. This participation can result in
new water rotations that inerease equity between the
head and tail ends of an irrigation system and that recog
nise domestic water needs as a legitimate objective of an
irrigation systern.

• Reforming land and water rights. Some countries have
undertaken large-scale redistribution of land and water
rights, breaking up large holdings for small farmers and
labourers. But the economie and political rationales for
sueh reform are a thing of the past. Wh at is needed is a
policy that helps the poor, particularly indigenous groups
and ethnic minorities, defend their rights in the context
of the water rights consolidation and sectoral transfers
emerging from today's economie polkies. Where water
rights are (re-)distributed, they should be awarded to all
users, women and men, landowners and landless
farmers.

Valuing ecosystem functions

Water is essential to life. development, and the environ
ment-and the th ree must be managed together, not
sequentially. Because communities rarely understand th is
interrelationship, awareness raising is the first step. Af ter
th at, research on the local watershed, public education, and
community-Ied watershed and river basin management can
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Many pracfices adopted to improve the management of

water for human needs will also
benefit ecosystems

Estimating the benefits of floodplain use in
northern Nigeria

Recentestimates indicate that traditional practicesprovide greater bene
fits than irrigation crops on the Hadejia-Jama'arefloodplain in northern
Nigeria. Firewood, recessionagriculture,fishing, and pastoralismgenerate
$32 per thousand cubic metres,comparedwith $0.15 for irrigation. This
evaluation is important becausemore than half the region'swetlands have
alreadybeen lostto drought andupstreamdams.Thusa proposed increase
in water diversionfor large-scaleirrigated agriculture is inadvisable.

Evenwithout accounting for suchservicesaswildlife habitat, the wetland
ismore valuablein its current statethan after conversionto lárge-scaleirri
gated agriculture. The lesson?When cost-benefit analysis includes the
value of the goods and servicesprovided by an ecosystem, large-scale
development schemesare lessprofitable than improving the management
of the unaltered ecosystem.

Souree: Barbierand Thompson 1998.

make sustainability possible. As part of the water planning
process, each water community should consider how much
water to allocate to the natural environment. National leg
islation should require this. as it does in Australia and South
Africa. Decision support models are available, and experi
ence with them should be observed carefully, with a view to
applying lessons from elsewhere-taking into account
indigenous knowledge and local water management
approaches.

Much more research is needed to improve our understanding
of ecosystem functioning and to value the services that these
systems provide. Recent global assessments of the services
provided by freshwater ecosystems (watersheds, aquifers,
and wetlands) for flood control. irrigation, industry, recre
ation, waterway transportation, and the like come up with
estimates amounting to several trillion dollars annually
(Costanza 1997; Postel and Carpenter 1997). Such knowl
edge will allow careful assessments of the impacts of water
resource use and development on ecosystems, particularly
tropical ecosystems (box 3.6). Integration needs to emphasize
the river basin as the appropriate scale of management, from
the forests in the upper watersheds to the coastal zones
affected by the inflows of rivers into wetlands, lagoons, and
mangrove ecosystems. The interactions between water
resources and coastal zone management are many, but are
often ignored or misunderstood (Rijsberman and Westmacott
1997) In the meantime, actions for better-integrated man
agement include:

• Leaving the amount of water in ecosystems required to
maintain proper functioning.

• Protecting wetlands and floodplains to enable the bene
fits from seasonal flooding and provide storage for
extreme flood flows.

• Protecting and planting forests in upper catchments,
especially in mountainous areas.

• Requiring full effluent treatment by industries and munic
ipalities and applying the "po11uter pays" principle.

• Protecting water resources from agricultural runoff.

• Creating groundwater protection zones.

• Rehabilitating degraded areas to recover lost ecosystem
functions (through reforestation, wetland restoration,
fish population restoration, and so on).

Many practices adopted to manage water for human needs
ruleson extracting and sharing water, changes in cultivation and
irrigation to save water for other purposes, returns to ancient
and community-based water harvesting and storage--will also
benefit ecosystems. Other measures include reducing nutrients
through farm-based manure storage, controlling silt by reducing
erosion upstream, planning for joint hydropower generation and
dry season irrigation, and reducing pollutants from agriculture
and industry. Above all, ecosystems will be proteered by inte
grated land and water resource management basin by basin
along with full cost pricing for water servicesand management
reforms for water delivery and wastewater disposal.

Increasing cooperation in international basins

Close to half the world is situated in close to 300 international
river basins-rivers that cross national boundaries and whose
resources are therefore shared. There are countless examples
in history of peoples and countries th at have made agree
ments on how to share such international water resources.
There are also ample cases, particularly in times of droughts
or rising scarcity, of conflicts over water. In fact, people have
been forecasting an increase in wars over water as the ulti
mate result of such conflicts.

Experience shows, however, that shared water resources can
be made into a source of cooperation rather than conflict.
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• Stages of successful cooperation

• Supporting innovation

Certainly for a World Water Vision to be realised, the need for
cooperation in international basins is paramount. This is not
easy, as shown by the 30 years of negotiation needed to reach
agreement on the United Nations Convention on the Law of
the Non-navigational Uses of International Watercourses.
Sadly enough, even after all that time it now seems unlikely
th at th is convention will be ratified by enough countries to
enter into force.

It appears that the best we can do is to emphasise how coun
tries get to a better understanding and eventually to deeper
cooperation over international waters. There is a series of
stages through which most successful cooperation appears to
evolve:

• Confidence building Countries that share international
rivers usually start with low-Ievel technical cooperation
th at focuses on exchange of data, or jointly gathered
data. International river commissions, with regular meet
ings of national representatives and a small technical sec
retariat, of ten serve this purpose.

• Caoperatian. As mutual trust and confidence increase,
and as issues appear that concern all parties and can be
more effectively addressed through collective action, the
level of cooperation gradually grows to a point where
countries are willing to undertake Joint action or allocate
more significant resources.

• International agreements. Af ter years of successful
cooperation, lengthy negotiations are usually required
to reach bilateral or regional agreements. Such agree
ments seldom address the (theoretically desired) com
prehensive integrated management of water resources,
but focus on specific issues of hydropower, navigation,
or environment. Where the interests of upstream and
downstream countries diverge sharply over specific
issues, it is not unusual th at agreement is reached in a
wider framework involving cross-border trade or involv
ing other issues that allow agreements in every party's
interest.

• International law and alternative dispute resalutian. Once
international agreements have Deen established, conflicts
can be addressed through formal (judiciary, international
law) or alternative dispute resolution mechanisms (medi
ation, arbitration).
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Supporting innovation

Because we have a finite amount of water resources and a
growing number of peaple and growing demand, the sus
tainable use of water ultimately depends on our ability to
increase its productivity at least as fast as demand grows.
Increasing productivity will depend largelyon innovation
throughout the sector, through both fundamental research
and the widespread dissemination and adoption of its results.

A key part of the necessary innovation will be increased aware
nessof water issuesthroughout the population and education
and training of people capable of bringing about the neces
sary changes-that is, capacity building in the water sector. A
crucial factor to mobilise resources for capacity building and
research will be to give water its proper value. This requires
pricing it. Once water is appropriately valued, users and pro
ducers will have incentives to conserve it and to invest in inno
vation. While pricing water is expected to be the primary
motivation to bring in the private sector, a host of public goods
aspects of water resources will continue to require public fund
ing. These range from researching staple food crops in
developing countries to finding cures for tropical diseases
important to populations that do not make up sufficient mar
kets for privately funded research to be attractive.

Notes

1. The background for the work outlined here, the scenarios
and modeling done in support of the World Water Vision
exercise, is published in a companion volume, Warld Water
Scenarias: Analysis (Rijsberman 2000)

2. For fuller treatment of these issues, see the scenarios and
models referred to in note 1 and the three main sector Visions,
on which much of the following discussion is based "A Vision
of Water for Food and Rural Development" (Hofwegen and
Svendsen 1999), "Vision 21: A Shared Vision for Water
Supply, Sanitation and Hygiene and a Framework for Future
Action" (WSCC 1999), and vision for Water and Nature:
Freshwater and Related Ecosystems-The Saurce af Life and
the Respansibility af All (IUCN 1999)

3. Productivity is a better indicator than efficiency. Increasing
efficiency at the field or farm level may not have any benefits.
And efficiency at the basin level should not necessarily be
maximised, because it reduces the amaunt left over for down-
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Increasing productivity will depend largelyon innovation through both

fundamental research and the widespread dissemination
and adoption of its results

stream uses and the environment. Water productivity can be
increased by obtaining more production with the same
amount of water or by reallocating water from lower- to
higher-value crops or from one use to another where the mar
ginal value of water is higher. Indeed, the greatest increases
in water productivity in irrigation have not been from better
irrigation technology or management, but from increased
crop yields due to better seeds and fertilisers (IWMI 2000)

4. Three mode Iswere used extensively for the Vision simula
tions: WaterGAP, developed at the University of Kassei,
Germany (Alcamo and others 1999); IMPACT, developed by
the International Food Policy Research Institute, Washington,
D.C. (Rosegrant and Ringier 1999); and PODIUM, developed
by the International Water Management Institute, Colombo,
Sri Lanka (IWMI 2000) In addition, the Polestar scenario tooi
of the Stockholm Environment Institute was used to disag
gregate global scenario assumptions to 18 regions.

5. Data for 1995 renewable water resources and use at the
country level are from Shiklomanov (1999)

6. The United Nations Medium Scenario, 1998 Revision, is
the base for the business as usual scenario (UN 1999) In 2025
more than 80% of the world population-6.6 billion peo
ple-will live In developing countries. In addition, the world
population will be older and more urban. About 84% of the
people in developed countries and 56% in developing coun
tries will live in urban areas, many in megacities (defined as
cities with more than 10 million people). The technology, eco
normes. and private sector scenario uses the United Nations
Medium Scenario minus 2%. The values and lifestyles sce
nario uses the United Nations Low scenario.

7. Feedback irrigation systems provide more or lesswater to
fields in response to signals received from farmers concerning
their demands, while standard irrigation systems are sched
uled to provide water to fields at predetermined times and
amounts.

8. Production Scarcity: The country is not physically water
scarce, but encounters severe foodgrain deficits because of
lack of irrigated area expansion.

Water Future. 45



Annex

Drivers for the three World Water Vis ion scenarios for 1995-2025

Driver Business as usual
Va lues and lifestyles (relative to
business as usual)

Demo ra hic

Technology, economics, and
private sector (relative to
business as usual)

Population 7.8 billion (6.6 billion in
developing countries)

About the same

Population growth 1.2% (1.4% in developing
countries)

About the same

Same or slightly lower (because of
higher mortality)

7.3 billion (6.2 billion in
developing countries)
1.05% (1.1 % in developing
countries)

Pressuresfor migration from
developing to developed countries

High low

Urbanisation 61% urbanised (56% in
developin countries)

About the same

Higher (and stronger barriers)

Technolo ical
Information technology Widely available and used to

increase water management
efficiency

Widely available and used to
increase water management
.efficiency and effectiveness

Same

Biotechnology Widely available and used for
new erop varieties

Widely available and used for new
erop varieties with high water
use efficiency

Widely available and used for new
sustainable erop systems and water
purification

Water use efficiency Higher, particularly in arid areas Higher than in business as
usual but lower than in technology
economics, and private sector

Dramatically higher

Water pollution lower pollution per unit

Same, but combined with
ecotechnology and integrated in
new agricultural systems

New drought-, pest-, and salt
resistant crops

Moderate and controversial

lower, mostly in developed and
emer in economies
Massive development and
dissemination of new varieties,
largely solving the agricultural water
roblem

lower still

Sanitation Investment in developing countries
grows slower than population

Investment in developing countries
grows faster than overall economy;
ecotechnolo y used

Same

Desalinisation Widely available

Economie

Even cheaper Same

Volume of production $80 trillion ($40 trillion in
developing countries)

$90 trillion ($60 trillion in
developing countries)

30% higher, but mostly in
developed and emerging economies

Structure of production Gradual dematerialisation;
agriculture grows in absolute terms

little dematerialisation in
developing countries; agriculture
grows in absolute and relative terms
in developin countries

Rapid increase of the nonmaterial
economy

Trade Universal

Growing faster than the economyWater infrastructure (availability
and condition)

Growing at same rate as the
economy

Privatised and growing faster than
the economy
Some countries or regions excluded
from lobal markets

Universal and strategically regulated

Social
lifestyles and cultural preferences Converge to today's levels in

developed countries
Same preferences, but reallifestyles
diverge in developed and developing
countries

Convergence in developing and
developed countries to less
material-intensive lifestyles than in
today's developed countries

Economie inequality High and increasing Gradually reduced

Poverty Absolute poverty remains constant;
relative poverty decreases

Environmental

Absolute poverty decreases,
inequality increases
Very high and increasing

Absolute poverty eradicated

Committed future climate change Increased variability, agroecologic
shiftin

Slightly less less because of strong emission
controls

Water-related disease Gradually increasing
StoppedSalinisation Gradually increasing

Recovering rapidly

Gradually decreasing
Dramatically deereasing

Exhaustion and pollution of surface
and groundwater

Gradually increasing

Jntegrity and health of aquatic
ecos stems

Gradually decreasing

Governance

Stopped; water withdrawals
reduced to sustainable levels
Recovering somewhat

Only in small pockets

Stopped; water withdrawals
reduced to sustainable levels

Jnstitutions Jnsufficient to resolve conflict;
severely stressed

lack of globalleadership Strong and adequate institutions
created; shared goals; wide
partici ation

Market dominanee Universal
Much more pluralistic

Same Universal but regulated
Power structure (international,
national)

Asymmetrical but slowly becoming
more luralistic

Jncreasinglyasymmetrical

Conflicts Ubiquitous and increasing
Globalisation Accelerating

Souree: Rijsberman 2000.
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Same
Accelerating but unequal

Practicallyabsent
Same
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Assumptions for the three World Water Vision scenarios

Technology. economics.
Variabie Country group/region Business as usual and private sector Values and lifestyles
Population, 2025 OECD UNMedium Scenario UNMedium Scenario UN Low Scenario

Medium income UNMedium Scenario UNMedium Scenarioless2% UN Low Scenario
Leastdeveloped UNMedium Scenario UNMedium Scenarioless2% UN Low Scenario

Consumptivewater use All Can be above70% Lessthan 70% Lessthan 70%
factor, 2025'
Degreeof water resource All Not lirnited Not limited Lessthan 60%
development, 2025b

Annual total Annual total Annual total
GDPgrowth, 1995-2000 Western Europe 2.10% 3.32% 1.53%

EasternEurope 1.89% 1.42% 4.37%
CIS 2.15% 2.13% 5.13%
Aral Sea 2.17% 234% 4.50%
North America 2.10% 3.32% 0.98%
Central Arnerica 1.77% 1.12% 5.18%
South America 1.95% 1.80% 4.07%
North Africa 2.06% 4.07% 6.73%
SouthernAfrica 1.69% 3.54% 5.20%
EastAfrica 1.83% 3.77% 5.92%
West Africa 1.96% 3.92% 6.11%
Central Africa 1.92% 3.74% 5.18%
Middle East 1.40% 131% 3.89%
China 4.20% 4.02% 7.69%
South Asia 3.49% 3.81% 6.65%
SoutheastAsia 2.98% 3.35% 6.01%
Japan 0.96% 2.17% 0.12%
Australia 2.05% 3.27% 1.21%

Growth in irrigated area, Global 1.5% 25% 5%
1995-2025 (0.22% in Brazil,India, IWMI baseadjusted IWMI baseadjusted

and Turkey)
Growth in cerealarea, Global 0.36% 0.31% 0.16%
1995-2025
Growth in irrigated grain OECD 0.88% 1.50% 1.50%
yield, 1995-2025 Medium income 1.00% 1.80% 2.30%

Leastdeveloped 0.79% 1.00% 2.30%
Growth in rainfed grain OECD 030% 0.60% 0.40%
yield, 1995-2025 Medium income 030% 0.45% 0.80%

Leastdeveloped 030% 0.30% 1.00%
Growth in irrigation OECD 10% 20% 30%
efficiency Medium income 10% 20% 30%

Leastdeveloped 10% 10% 30%

a. Ratio of evaporated water to primary water supply.

b. Ratio of primary water supply to usabie water resources.

Souree: Rijsherman 2000.
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How did the world make so much progress in 25 years?
Five adjustments were crucial.Thewater crisis became widely recognised.

Land and water resource management became integrated
with tuil stakeholder representation. Water services became subject

to tull-cost pricing. lilnovation and public tunding tor research increased.
And cooperation in international basins grew.

Theyear is 2025.Looking around, we seethat our efforts begun at the turn of the century

are starting to bear fruit. The loss of ecosystem functions and biodiversity has been

reversed, and water resources are being rehabilitated. The integrated management of

human soeial and economic activities, with care for catchments and groundwater units,

forms the backbone of affordable and sustainable water supplies for communities, farms,

and industries.

Theworld population now standsat 7.5billion,' but everyonehasaccessto safewater sup

plies.Agriculture producesenoughfood sothat nooneneedgo hungry.Reducedglobal water

consumption by industry has accompaniedsubstantially higher economicactivity in what

were the emerging anddeveloping countriesof 2000.Similar concernfor freshwater and the

environment hasreducedthe volume of waste from humanactivity and led to the treatment

of most solid and liquid wastesbefore their controlled releaseinto the environment.

Somecountries lag in their development of representative soeialand political systems.As

a result large parts of the world needfurther efforts to raise living standards and improve

the quality of life for humansand all living things.

Peoplecome first ...

In 2025almost every woman andman,girl and boy in the world's eities, towns, and villages

knows the importance of hygiene and enjoys safe and adequate water and sanitation.

Peopleat the local level work closety with governments and nongovernmental organisa

tions, managing water and sanitation systemsthat meet everybody's basic needswithout

degrading the environment. Peoplecontribute to these servicesaccording to the level of

service they want and are willing to pay for. With people everywhere living in clean and

healthy environments, communities and governments benefit from stronger economic

development and better health.



Our Vis ion of Water and Life in 2025

• Less disease

• Better nutrition

• Wiser management

• More powerful communities

• Higher farm yields

Many of the water-related diseases rampant at the end of the
20th century have been conquered. Revitalised international
efforts to meet people's basic water and sanitation require
ments have been combined with effective promotion of
hygiene practices. Better primary health care and pollution
control have greatly reduced the prevalence and severity of
many diseases. Scientists around the world continue to iden
tify links between cancers and chemical contamination of
water, along with new methods for preventing and removing
the contamination.

Water services are planned for sustainability, and good man
agement, transparency, and accountability are now the stan
dard. Inexpensive water-efficient equipment is widely
available. Rainwater harvesting is broadly applied. Municipal
water supplies are supplemented by extensive use of
reclaimed urban wastewater for nonpotable uses (and even
for potable uses in seriously water-short urban areas). On
small islands and in some dry coastal areas, desalination aug
ments the water supply. Many cities and towns use low- or
no-water sanitation systems, for which communities and local
authorities manage the collection and composting services.

Twenty-five years into the new century, all people-both cul
tivators and those who purchase their food-have access to
adequate nutrition, with a minimum national average of
2,750 calories per person a day. Vibrant rural communities
feel secure, with education opportunities, social services, and
employment opportunities in and out of agriculture. They
have reliable access to good transport and communication
links with market and administrative centres and with
regional and global economies. As a result farmers and other
rural residents participate in the global rise in living standards.
Agriculture in rainfed, drained, and irrigated areas operates
sustainably in an equitable price environment, using water
efficiently (box 4.1).

Secure and equitable access to and control of resources-and
fair distribution of the costs and associated benefits and
opportunities derived from conservation and development
are the foundation of food and water security. Efforts to over
come sector-oriented approaches and develop and
implement integrated catch ment management strategies
continue to be supported by wider social and institutional
changes. Many government institutions recognised at the
turn of the century the groundwork of grassroots community
based initiatives-and built on th is extensively. All new cen
tral government policies and legislation are subject to prior
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A Sahelian future

Earlyon an April morning in 2025, on one of the vast floodplains of the
Sahel,IbrahimDiawleadshisherd of long-horned cattle to their dry-season
pastures.The grazing routes for nomadie herdersfollow the areasunder
an ecosystemrestoration programme initiated at the turn of the century.
Using thesemigration pathways no longer results in violent conflietswith
farmers, as it did 40 years before when intensive irrigated rice schemes
were constructedthroughout the plain.

Now Diaw's herd prospersthrough accessto large expansesof restored
perennial grasses,inciuding those of the new Wahta BiosphereReserve.
Throughout the wet and dry seasons,water holes provide drinking water
for his animais,and the floodplain "works" for the benefit of Diawand
other localpeoplewho cancount on stabie livelihoodsbasedon recession
agriculture, semi-intensiveproduction, and artisanaland small-scalecom
mercial fishing.

Diaw walks in the grassand thinks of the past-desiccated flats, 25 years
without a singlewedding in the villages,his father who thought that they
had been forgotten by God. He thinks that efforts to mitigate the impacts
of infrastructure developmentare about to pay off: the dikes havebeen
put to good use,artificial flooding schemesare effective, andwater is not
wasted anymore.

Souree: IUCN1999.

assessment of their impacts on different stakeholders and
beneficiaries. Private and public institutions are today more
accountable and oriented towards the local delivery of ser
vices and conservation of ecosystems than they were decades
ago. They fully incorporate the value of ecosystems services
in their cost-benefit analysis and management.

At local levels the empowerment of women, traditional eth
nic groups, and poor and marginalised women and men has
started to make local communities and weak nations
stronger, more peaceful, and more capable of responding to
social and environmental needs. Institutional structures,
including river basin commissions and catchment commit
tees, actively support the equitable distribution of goods and
services derived from freshwater ecosystems. Both husbands
and wives are members with voting rights in water user asso
ciations in farming communities. Clear property and access
rights and entitlements ensure that individuals, companies,
and organisations holding those rights meet their associated
responsibilities. Enforcement by government regulatory
agencies at the local, regional, and national levels is still
important for resolving a number of conflicts, such as those
between upstream and downstream users.



Food and water security requires lair
distribution ol the costs and associated benelits

and opportunities lrom conservation and deve/opment

Extensive field research on water management policies and
institutions in developing countries early in the 21't century
focused on bringing average yields closer to what was being
achieved by the best farmers. Closing the yield gap made the
rural livelihoods of poor women and men much more sus
tainable. Countries that had a basic policy of food self
sufficiency and the capability to implement that policy have
inereased their yields and production. They did 50 by inereas
ing the productivity of water through technical and institu
tional innovation, up to economic and technicallimits. China
and India are among them.

Because of water shortages, many countries are importing
food. The percentage of food traded is about the same as in
2000, with the volume up 30-40%. But there has been a
realignment of the countries involved in that trade, with lower
income countries represented to a greater extent. Negotiations
on world trade at the beginning of the century paved the way
for this. Arid countries, particularly in the Middle East, had a
policy of being as self-sufficient as possible, but water limita
tions kept them from achieving self-sufficiency.

Drawing on technological innovations as weil as traditional
knowiedge, agriculture has made large improvements.
Genetically modified crops were initially introduced on a small
scale given the lack of public and political support. The biggest
advances in food production in the century's first decade were
plant improvements through tissue culture and marker-aided
selection, erop diversity (especially relying on locally adapted
indigenous varieties), appropriate cropping techniques, and
soil and water conservation. Now, as the industry has demon
strated its responsibility and gained credibility, use of geneti
cally modified erops is common and has greatly inereased the
reliability of erops in drought-prone regions.

There has been a 10% inerease in water withdrawals and con
sumption to meet agricultural, industrial, and domestic
requirements. Food production has increased 40%. This was
possible-in part-because people recognised that water is
not only the blue water in rivers and aquifers, but also the
green water stored in the soil. Recognition of its crucial role
in the water cycle helped make rainfed aqriculture more pro
ductive while conserving aquatic and terrestrial ecosystems.

Withdrawals for industrial and domestic uses account for half
of new withdrawals, due to the high growth in income and
consequent demand for water. Only a small percentage of the
water delivered to these uses is consumed-most is returned

after proper treatment to the ecosystems from which it was
drawn. Industrial and domestic water reuse is common, and
nonwater-based systems of sewage treatment and other
methods of ecosanitation have been applied in many areas to
reduce pollution and make full use of human waste as agri
cultural fertiliser. Seminatural and artificial wetlands are com
monly used to improve polluted waters and treat domestic
effluents. Countries that faced water scarcities early in the
century invested in desalination plants-or reduced the
amount of water used in agriculture, transferred it to other
sectors, and imported more food.

China, India, Pakistan, and other countries have found it nec
essary to manage their groundwater better. The answer lay in
groundwater recharge. India began doing th is in the 19905
through flooded paddy (rice) cultivation in lands above the
most threatened aquifers in the wet season. Paddy irrigation
has high percolation lossesand 50 is inefficient. But for ground
water recharge, and where water is available at low real cost
(excluding subsidies), th is apparent inefficiency was just what
the doctor ordered. Other countries adopted this approach and
others, such as community rainwater harvesting.

Concerns about polluting groundwater through leaching
nitrates and other chemica Is have also been addressed.
Restrictions were placed on fertilisers, pesticides, and other
chemicals in groundwater recharge areas after research on
maximising the rate of recharge and controlling pollution.
Ideally, the recharge areas are not to be used for any other
purpose.

At the turn of the century recycling of treated wastewater for
agricultural and industrial use was extensively practiced only
in Israel, although Tunisia and a few other water-scarce coun
tries were adopting the practice. Today Israel recycles 80% of
its wastewater, and it is estimated that nearly half of all
municipal wastewater in the world is recycled. This has made
a major contribution to meeting the demand for increased
consumption.

Rising energy demands in the 21 st century have inereasingly
been met by renewable sources-including large dams in the
Zaire basin, where there had been little harnessing of the mas
sive hydropower potential. Many favourable sites are now har
nessed, but compensation for environmental, social, and
economic impacts has reduced the cost-effectiveness of new
projects. In the Mekong River basin, for example, a limited
number of dams have been constructed since the 19905
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because the cost of compensating the millions of fishers in the
Tonle Sap wetland and downstream coastal areas made many
projects unfeasible. Cheap and effective solar-powered desali
nation, now widely used in many arid and semiarid countries
for domestic water supply, is increasingly affordable.

As forecast in 1999 by the Intergovernmental Panel on
Climate Change, the frequency and magnitude of floods and
droughts have increased. However, thanks to funding pro
vided early in the century to the international agencies
charged with studying the complex processes involved in the
water cycle, the causes and patterns are now better under
stood and measures have been taken to reduce the impact on
people and property .

...but we cannot live without the rest of nature

People came to realise that they didn't inherit the earth from
their parents-but borrowed it from their children. Water
management in 2025 is based on recognising the environ
mental goods and services th at healthy catchments provide.
Catchments require constant maintenance, largely provided
by local communities, in erosion control, water quality pro
tection, and biodiversity conservation, among other tasks.
Strategic or unique natural ecosystems are now highly valued.
And conservation programmes, including those for protected
areas, usually refled the needs and involvement of the local
communities that depend on them.

Despite concerted efforts and some promising results, conta
mination of water bodies continues to threaten the environ
mental security of many societies, in both developed and
developing countries. In some areas runoff from agricultural
land still affe cts surface and groundwater resources, though
major improvements have come from best management
practices and integrated catch ment management plans. In
other areas contaminants from polluted sediments continue
to affect many waterways. Since 2010 investments in the
rehabilitation of rivers, lakes, and wetlands have increased,
and in many places they now help restore the environmental
goods and services these ecosystems provide Through vari
ous means, including artificial wetlands and vegetated buffer
strips along riverbanks and lakeshores, domestic effluents and
agricultural runoff are controlled and purified.

Empowered communities and individuals, both women and
men, regularly participate in all levels of decisionmaking on
water resource management (box 4.2). In the United States
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E._ '. For,a fair share of clean water

Thecommunityof AsunciónLlanqueon the Bolivianshoresof LakeTiticaca
now negotiateseverythree yearswith urban and industrial groups and is
assureditsshareof cleanwater. Thesegroups haveestablisheda voluntary
code of conduct that has reduced their effluent dischargedramatically
since2015. Toensurea safewater supplyto urban areasandfactones.the
private sectorand civil society have invested in conservationand rehabili
tation activitiesin the LakeTiticacacatchment, including soil erosion con
trol, afforestation, and wetland conservation. In many placestraditional
and innovativemechanismsempowerwomen, men,youth, andthe elderly.
Peoplefrom all ethnic groups and socialclassesnow havemore equitable
accessto resourcesand decisionmaking.

Souree: IUeN 1999.

in 2000, all states, territories, and tri bes had completed uni
fied watershed assessments. Local involvement and coordi
nation with stakeholders was an important element in all
assessments. Now more equitable conditions give local com
munities riqhts, access to, and control over land, water, and
other resources. Laws, markets, and regulations increasingly
recognise local people's rights and needs, making possible
the sustainable use of natural resources and reconciling liveli
hood needs with ecosystem functions and requirements.

Innovation in most areas of water resource management
supported by the best of science and traditional knowledge
has accelerated significantly. Innovation also supports
development and management for freshwater and related
ecosystems. Scientific analysis and modern technologies pro
vide an analytical perspective to problem-solving. Traditional
knowiedge, the wealth of many generations of water
resource management, is also a natural part of decisionmak
ing and management The dialogue between scientists and
the holders of traditional knowledge formed a cornerstone
for many innovative resource management practices.

Investments in cleaner technologies and reduced water and
wastewater use continue to help many industries lower their
production costs while reducing their effluent taxes.
Development investments are based on economic valuations
and linked to compliance with the environmental assessment
and management standards of the International Standards
Organization (ISO) 14000 series. Engineering and construc
tion companies and suppliers adhere to these standards
because they provide a clear timeline for infrastructure plan
ning and construction.



EI
There is still much to do, but we have made the progress

needed to mitigate the water crisis that reigned in
2000 and to advance to sustainable

water use and development

Renewable water use in the World Water Vision

In our Vision the water for irrigated agriculture is drastically limited, with 40% more food produced (partly from rainfed agri
culture) consuming only 9% more water for irrigation. Industrial use goes down in developed countries, but the decline is more
than offset by increases in the developing world. Municipal use goes up sharply in developing countries, to provide a minimum
amount for all, and down in the developed world. Recycling and increased productivity lower the ratio of water withdrawn to
water consumed for all uses.

Cubickilometres
User 1995' 2025b
A riculture
Withdrawal 2,500 2,650
Consumption 1,750 1,900

Indust
Withdrawal 750 800'
Consumption 80 100

Municipalities
Withdrawal 350 500d
Consumption 50 100

Reservoirs(evaporation) 200 220
Total

Withdrawal 3,800 4,200
Consumption 2,100 2,300

Groundwater
overconsumption 200' 0

Note: Totalsare rounded

Percentageincrease
1995-2025 Notes

6
9

Foodproduction increases40%, but much
higherwater productivity limits increasein
harvestedirrigated area to 20% and increase
in net irrigated area to 5-10%.

7
25

Major increasèin developing countries is
partly offset by major reduction in developed
countries.

43
100

Major increaseand universalaccessin
developingcountries; stabilisationand
decreasein developedcountries.

10

10
10

Increasedrechargeof aquifersmakes
groundwater usesustainable.

a. The 1995 usesare provided for reference.Thesedata are basedon Shiklomanov(1999), rounded olf.
b. World Water Vision stalf estimates.
e. For industry it is recognisedthat developingcountries needamajor expansionin industrialwater use.Forthe roughly 2 billion people in eitiesin developingcountries that need liveli
hoods (both the cutrent poor plus the increasein population) an averageof 200 liters a personper day is used.Thismeansa 400 cubic kilornetre increasein diversionsfor industry in
developingcountries. At the sametime, diverslensfor industry in developedcountries can be drasticallyreduced.Better managementand reducedlosseslower the ratio of water with
drawn to water consumed.
d. Residentialwater useof poor people in developingcountriesneedsto be drastically increased.Residentialusein developedcountries stabllisesand is reduced.
e. Postel(1999).
Source: Shiklomanov1999; World WaterVision stalf; Poste11999.

Governance systems in 2025 facilitate transboundary collab
orative agreements that conserve freshwater and related
ecosystems and maintain local livelihoods. Management and
decisionmaking generally take place at the level where they
are most effective and efficient, helping to set up more open
dialogue, information exchange, and cooperation. Despite
huge efforts, transboundary conflicts are still the most diffi
cult water resource conflicts to resolve in 2025.

There is still much to do, but we have made the progress
needed to mitigate the water crisis that reigned in 2000
and to advance to sustainable water use and development
(tabie 4.1).

How we achieved our Vision

How did the world make so much progress in 25 years? Five
adjustments were crucial. The water crisis became widely
recognised. Land and water resources became systemically
managed through an integrated framework. Water services
became subject to full-cost pricing. Innovation and public
funding for reasearch increased. And cooperation in interna
tional basins grew.

Recognition of the crisis and the need for action
In 1987 the Brundtland Commission told the world that our
approach to development was unsustainable-but it had lit-
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tie to say about water. In 1992 the Rio Conference on
Environment and Development, in its agenda for the 21 sI cen
tury (Agenda 21), addressed freshwater in chapter 18 of its
report. But looking back from 2025, it is clear that the world
wide consultation on water and the environment-the World
Water Vision exercise-helped awaken water and environ
mental professionals and the world public to the crisis In

water.

It was known that a few countries were naturally short of
water because they were arid. But there had not been a true
awakening to the global threat of water stress caused by the
rapidly increasing world population and the accompanying
rapid increases in water use for social and economic devel
opment. Nor had the world truly appreciated the destructive
impact th at water withdrawals andthe discharge of polluted
waters were having on freshwater ecosystems.

This changed in 2000. Worldwide consultations shared infor
mation and ideas among thousands of water and environ
mental professionals and civil society representatives. The
media of the world seized on the issue as weil, raising aware
ness among decisionmakers and the public. At The Hague in
March 2000, under the eyes of the world's media, participants
in the Vision exercise and ministers from most countries met
to discuss and debate the findings of the consultations and the
recommendations of the World Water Commission. The par
ticipants launched the movement th at made possible the
water world that exists in 2025. At the 1Oth anniversary of the
Rio conference, governments, international agencies, the pri
vate sector, and nongovernmental organisations announced
concrete actions to address a range of water issues.

Stakeholder representation in integrated water
resource management
The understanding that allsocial and economic decisions may
have implications for the use of land and water and for the
environment had been lost in the society of 2000. Before the
industrial revolution, humans lived much closer to nature,
understanding that they must live in harmony with it. Some
aboriginal peoples retained this understanding in 2000. But
the drive to improve economic well-being and security had led
to the harnessing of nature for human use, without regard to
sustainability.

Urbanisation alienated us even further from nature. Because
of the complexities of technology and science, there was spe
cialisation and segmentation of tasks. This created specialised
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institutions and cut off communication between specialists
about the management of the whoie. More important,
because the technology of managing water was seen as a task
to be left to specialists, ordinary citizens no longer had much
of a role in decisionmaking on water management. With the
weakness of this approach recognised by many in the 1990s,
the World Water Commission underscored the basis for all
actions to address the water crisis: integrated management
of land and water resources at the basin or catch ment level.

Even though the concept of river basin management had
been around for decades, there was no ideal model for such
an approach in 2000. Basin management was not organised
in a way th at empowered the residents of the basin with the
authority and means to implement their plans. Nor was it
always practical or essential to create institutions with admin
istrative boundaries th at coincided with watersheds.

Governments approached basin management in different
ways. By 2010 most countries had legislation that facilitated
community-based activities. Some made it obligatory to
develop basin plans for the sustainable use of land and water
to be eligible to participate in national economic and social
programmes. Because stronger and better public manage
ment of land and water was badly needed, some governments
reorganised their civil service and streamlined their legislation
to reduce the number of agencies with responsibilities in the
related sectors and to make them accountable to citizens at
the local level. The most effective of these reorganisations
started by making redundancy payments to marginal staff.

Most governments adopted legislation that clarified ownership
of water or rights to access. In some caseswater was declared
a public good. Around the world a wide variety of local organ
isations were developed as appropriate to local circumstances.
Among these were some model led on river basin organisa
tions, others on conservation authorities, and some serving the
function of water markets. In 2025 all of them had one thing
in common-representative participation by community
women and men in decisionmaking. Women professionals
trained in the water and environment disciplines in the first
decade of the 21'1 century facilitated women's participation.

Full-cost pricing ot water services tor
all human uses
Full-cost pricing was the most controversial of the World
Water Commission's recommendations, for at least three rea
sons. First, until water began to become scarce in the 1990s,



Full-cost pricing was the most controversial of
the World Water Commission~recommendations

it was looked on by many as a free good-a gift from God.
Second, governments had long been subsidising the supply
of water on the grounds that the poor could not afford it.
Third, irrigation water was subsidised to generate employ
ment and keep down the cost of food-again for low-income
families, especially in cities.

The reality, of course, is that water is a renewable resource
freely available to those on whose land it falls. But in most
cases it must be collected, treated, transported, cleaned after
use, and returned to watercourses. This requires infrastruc
ture and services th at cost something to provide. In addition,
when water isscarce, tradeoffs are involved in deciding where
it adds the most value, bringing in opportunity costs.

In the world of 2000, with water rapidly becoming more
scarce, the Commission agreed with the Dublin principle that
to create proper incentives for the management of water,
water should be treated as an economie good. But the
Commission recognised th at full implementation of marginal
cost pricing was too big a step to make at that time. Thus it
recommended a first step: th at the full cost of water services
be recovered from users.

This recommendation, including its corollary "the polluter
pays", was fairly acceptable to industrial consumers, who
could recover the costs as part of the selling price of their prod
ucts and services. It was also acceptable to communities seek
ing drinking water services, as they could see that it provided
a souree of new investments for system extensions to unserved
customers. By 2010 public and private utilities were generally
applying full cost recovery in these situations. Because some
low-income households could not afford water, measures
were introduced to subsidise these households 50 that they
could pay for water to meet their basic needs. These house
holds also contributed to the cost of their services In kind
through their labour for installation and operation.

It was difficult to sell the concept that customers should pay
the full cost of urban sewerage, because it was of ten per
ceived that the beneficiaries included others beyond those
connected to the system. Sanitation was seen to have some
public good characteristics, along with such water-related
services as flood management-and both continued to
require public financing (box 4.3)

It was much more difficult to sell the concept of paying the full
cost of irrigation water. Yet it was critica I th at this water be

Soda ICharter for Water

At the Second World Water Forum in March 2000, the French NGO
Académiede l'Eaupresenteda SocialCharter lor Water. Basedon a series
of successfulexperiencesidentified by researchand over a website over a
period of months preceding the forum, the charter proposed a seriesof
measureslor community water mangement.When implemented simulta
neously, those measuresmade it possibleto organise the beneliciariesof
water supplies to inform and sensitisethem to issuesof water manage
ment, educate them on possiblesolutions,and thus preparethem to work
with water professionalsto addresstheir needs.

Académie de l'Eau also provided a tooibox of concrete actions and rnea
sures.And with its associatesit launcheda small lund with contributions
lrom water utilities in the developedworld to assist communities that
wanted to test theseapproaches,increasingthe scopeof experiencesfrom
which to learn.Theapproachwas lirst employed in the Irancophonecoun
tries of Alrica, but through regionalandworldwide networks it contributed
much to the community movementthroughout the world.

Souree: World Water Vision stalf.

valued, because it represented the bulk of water diverted for
human needs. In 2000 suppliers of irrigation water (generally
government agencies) were not even recovering most opera
tion and maintenance costs. A5 a first step governments had
begun decentralising responsibility for operation and mainte
nance to cooperatives or to private owners-a trend acceler
ated in the first years of the new century. Because farmers
depended on the proper functioning of these systems for their
livelihoods, they ensured operation and maintenance. Again,
many farmers and especially lower-income users contributed
their services as in-kind contributions to the cost. Appropriate
low-cost technology such as treadle pumping of shallow
groundwater was widely adopted for holders of small plots.
Alloperation and maintenance subsidies were eliminated.

Indirect subsidies to operating costs, such as energy, were
also eliminated. This had a major impact on water manage
ment in India, which in 2005-15 discouraged groundwater
overpumping by gradually eliminating subsidies for the
energy to pump water from wel Is.

New water storage facilities were built in the first 25 years of
the century for irrigated agriculture and industrial water, as
weil as for recharging groundwater aquifers. Governments
awarded more contracts to private operators to build, own,
and operate these facilities, with awards going to those
requiring the lowest transparent government subsidies.
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A new round of negotiations of the World Trade Organization
in 2010 agreed to add water subsidies to the list of unac
ceptable subsidies to inputs for agriculture. As this policy was
implemented in the years that followed, food prices from
exporting countries rose slightly, improving farm incomes in
developing countries. Priceseventually stabilised around their
previous level, but low-income urban dweilers feit the pinch
of higher food prices while they lasted.

The move to full-cost pricing was coupled with a continuing
strong government presence in establishing and managing
frameworks of regulatory policies and laws that provided
long-term stability. This attracted badly needed infrastructure
investments by local and international private businesses. At
the same time, investments in public goods and subsidies tar
geted to low-income water users added to public budget
expenditures. Government budgets related to water
remained more or less at the levels of 2000 throughout the
first quarter of the century. Costs now carried by consumers
and the private sector were replaced by investments in pub
lic goods, subsidies to low-income women and men, and pub
licly funded research and development.

More public funding for research and innovation
At the turn of the century there was a dearth of innovative
thinking and new technologies for water management,
unlike the case for informaties and pharmaceuticals. The
Commission realised th at the likely cause was that water had
not been valued and thus was of little interest to the private
sector. Pricing water would eventually spark interest in the
sector, but this might take time-and some resèarch areas
might never be of interest to the private sector. So the
Commission encouraged governments to publicly fund such
research, a process that bilateral donors and private founda
tions helped kickstart in 2000 when they committed to pro
vide funds for water-related research in national laboratories
in developing countries, using the model developed by the
Consultative Group on International Agricultural Research.

At the turn of the century practitioners knew that urban envi
ronmental sanitation needed alternatives to traditional water
borne waste disposal. Pilot projects were implemented in
2000, with a network sponsored by the Global Water
Partnership ensuring th at experiences were shared. By 2010
communities were applying these lower-cost and more envi
ronmentally friendly approaches not only in low-density
urban areas and perimeters but also in cities. Also in 2010
hyper-accumulating plants were bred to take toxins out of
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soil. Through biotechnology, micro-organisms in the soil were
used to remove pollutants from groundwater.

In an unexpected development in 2015, a Canadian research
institute developed a strain of grain that had staiks more
digestible by anima Is. The adoption of this strain by such
countries as India, then using 500 million tons of cereal
residues a year as livestock feed, had a tremendous impact on
the feed grain required-and freed up water for other crops
for humans. Laboratory work continued on molecular genet
ics. And there was enough public confidence th at field trials
had been completed for genetically modified plants combin
ing drought resistance with high yields.

As a result of continuing reductions in the cost of information
and communication technology, farmers could manage water
and other inputs better-using global positioning systems,
satellite connections, and remote-sensing data for precision
farming. Using indigenous knowiedge, national agricultural
institutes we re adapting such technologies to the needs of
the location and the people in 2015. Qualified local consul
tants were able to use this information and technology to pro
vide services to farmers at a fraction of what foreign
consultants had charged in the previous century. All but sub
sistenee farmers could now afford this technology.

Information technology also offered tremendous opportuni
ties for the way water resource knowledge is distributed and
used. By 2010 the large amounts of water-related informa
tion on the Internet were managed by networks of experts
and resource managers, who categorised it and distributed
regular updates on, for example, contacts, projects, laws,
methods, tools, and best management practices.

Hydrological data were routinely collected under the guid
ance of the revitalised United Nations Agency Coordinating
Committee's Subcommittee on Water Resources. Initiatives
to share the data became widespread, forming the basis for
new or updated bilateral and multilateral water-sharing
agreements. Environmental data and the underlying under
standing of environmental processes were also widely shared,
communicated In terms suitable for use in education and pub
lic information campaigns and, most important, for river basin
management.

In 2000 water resource managers were beginning to under
stand ecological functions and services. But when they tried to
quantify the concepts for use in water resource management



People came tG realise that they didn't inherit
the earth trom their parents

but borrowed it from their children

calculations,they found that very little was known. As a first
step, countries recognisedthat dischargeof all pollutantsand
contaminants to the environment must be minimized. The
World Water Forumin The Hague launched researchprojects
to obtain relevantdata on the interaction of the water cycle
and ecosystemsfor a variety of geographic and climatic con
ditions. And the researchactivities that supported integrated
catchment managementincreasedsharplyafter 2000.

By2010 scientistsfrom manydevelopingcountrieshadmade
major innovative contributions to freshwater resourceman
agement using funds for local researchprovided by donors
and concepts for innovative water policies and institutions
developedby the International Water Management Institute
in Sri Lanka. This helped develop local capacity so that by
2015 project implementation depended far lesson technical
expertisefrom developed countries. Now in 2025 the mini
mal water requirementsof most flora and fauna in wetlands
and riversareweil known and used in planning and manag
ing water resources.

At the turn of the centuryconcernfor the environmentshowed
up only in environmentalstatements,impactassessments,and
environmental action plans that were annexesto traditional
water resourcemanagementplans.In2000 the UnitedNations
Educational,Scientific,and Cultural Organzation's(UNESCO)
InternationalHydrologicalProgramme begancoordinatingthe
teachingof thesesubjectsto changethis duality of thinking. It
took a generation to train academies,professionalteachers,
and trainers at the new UNESCOWater ResourcesCapacity
Building Institute in Delft, the Netherlands.But by 2015 envi
ronmental awarenesswas an integral part of engineeringand
water resourcemanagementpractices.

Asa resultof similartraining for primaryandsecondaryschool
teachers,combined with more widespread accessto educa
tion, children in 2015 were leavingschoolawareof the inter
connectedness of their actions and the environment.
Educationand awarenessprogrammes-such as Water, the
Sourceof All Life and Our Catchments, Our Wealth-have
sharply increasedpublic understanding of ecosystemgoods
and servicesand general recognition of the needfor water to
maintain them. The greater education and awarenesshave

becomethe impetusfor broaderpublic involvement.Theview
isnow common that collectivedecisionsshouldgivedue con
sideration not just to the next generation but to many future
generations asweil. And that view forms the basisfor much
of the discussionin catchment committees.

Increased cooperation in international
water basins
In May 2000 not enough nations had ratified the United
NationsConvention on the law of the Non-navigationalUses
of International Watercoursesto bring it into force, after tak
ing more than 25 years to draft it and after the General
Assemblyadopted it almost unanimously.Although the prin
ciple seemed sensible, almost every national government
found it either too strong or too weak-with positionsoften
appearingto dependon whether a nation was upstream(too
strong) or downstream (too weak) in international basins.

TheCommissionrecommendedthat governmentsvoluntarily
accept the limitation of their sovereignrights to permit con
sultations and decisionsbasedon integrated water resource
management at the basin level. Some countries objected.
Others were already applying the principle, and countries
from the Middle Eastand from the Nile basin made presen
tations at the SecondWorld Water Forum describing their
cooperative efforts.

As more nations and communities applied the principle in
their watersheds, it became clear that it was the right
approach. It was only a short step to apply the approach to
international basins. accepted in almost all international
watercourses by 2020, when a new international conven
tion codifying the principles and specifying dispute resolu
tion mechanisms was ratified by countries of the United
Nations.

Note

1. In the scenariosexploredin chapter 3 world population in
2025 ranges from 7.3 to 7.8 billion. In our Vision we have
assumedthat increasingprosperity will continue the trend
towards lower popuation growth-and used7.5 billion peo
ple for 2025.
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We are all stakeholders when it comes to water.
If eachof us assumesthe responsibility to act, we wUIstart a

movement to bring about our Vision

TheWorld Water Vision has three primary objectives: to empower women, men, and com

munities to decide how we usewater, to get more crops and jobs per drop, and to manage

use to conserve freshwater and terrestrial ecosystems. It also specifies five actions critica I

to their achievement: involving all stakeholders in integrated management, moving to full

cost pricing for all water services, increasing public funding for research and innovation,

cooperating to manage international basins, and massively increasing investments in

water. Responsibility for implementing this Vision belongs to all of us: to governments; to

multinational agencies; to women and men in households, communities, nongovernmen

tal organisations (NGOs),academia, and research institutes; and to the private sector. The

activities to implement the Vision are grouped here under four headings: policies, institu

tions, researchand development, and investments (seepage 62).

As the Vision exercise proceeded, the Global Water Partnership initiated a processto deter

mine concrete actions to implement the Vision strategy. TheFramework for Action Unit has

been working closely with sectors and regional groups to develop action plans and invest

ment requirements. Before the SecondWorld Water Forum in TheHaguein March 2000,the

unit will have produced a framework for action that describes the main elements of that

plan, available for discussion and debate in the forum, along with the Commission findings

and the many Vision documents prepared through the consultations.

Closing the resource gap

Agenda21,the report of the 1992RioConferenceon Environment andDevelopment,placedthe

additional investment cost of achievingglobal water security at $56billion a year. TheVision

21 report (WSSCC1999),basedon consultations organised by the WaterSupplyand Sanitation

CollaborativeCouncil,estimated that if moreappropriate technologieswere used,the costsfor

water supply and sanitation would be only $225 billion, in addition to the costs borne
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• Water and sanitation's needs

• Industry's needs

• Environment's needs

• Agriculture's needs

by householdsand communities. Yet in the EuropeanUnion
alone it is estimated that $150-215 billion is needed to
achieveseweragecompliance by 2010. In the United States
the American Water Works Association estimates that
investments in drinking water infrastructure over the next 20
yearswill be about $325 billion, with $12 billion to proteet
sourees.The Water Environment Federationestimates that
$325 billion will be required over the sameperiod for polIu
tion control. with $200 billion for treating sanitary sewer
overflows.

When the needs of the rest of the world are also consid
ered, it is clear that very large investmentswill be required.
Theworld population is projected to increaseby 1.5 billion
people by 2025, roughly half of them in cities. Another 0.75
billion people will move to cities. About 2 billion urban
dweilers already live without sanitation. At a conservative
estimate of $50 a person for urban water supply and sani
tation, the cost of supplying 3.5 billion peoplewill be nearly
$1.8 trillion.

None of these numbers includes the cost of industrial
water supply and treatment. 8y 2025 annual industrial
water withdrawals wilL have increased by 50 cubic kilo
metres, equivalent to the averagewater consumption of 1
billion people. Indeed, the growth in industrial use in
developing countries will be twice this amount, partly off
set by lower use in developed countries. Industrial waste
is of ten more expensive to treat than sewage. It would
seem reasonable to assumethat the investment in indus
trial water supply and wastewater treatment will be equiv
alent to that for urban water supply and sanitation-that
is, a second $1.8 trillion. This assumption is conservative
if one considers the needs to treat the industrial waste
water now discharged without treatment (including cool
ing towers for thermal energy plants) and to clean
polluted land and water bodies.

8y 2025 annual withdrawals for irrigation, under our Vision,
will increaseby 150 cubic kilometres. Relatedworks would
cost about $225 billion, with $75 billion for storageand the
remainderfor irrigation infrastructure through to tertiary sys
tems. We haveassumedthat the remaining increasein food
production will come from more productive useof water in
existing agriculture (especiallyresearch,management, and
technologies to increasethe productivity of water in bath
rainfed and irrigated agriculture). Without knowing more
preciselywhat thesemeasureswill be, it seemsreasonableto
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Annual investment requirements tor
water resources

Investments have to increase by more than $100 billion a
year-with less tor agriculture and more tor industry and the
environment.

Billions of U.S.dollars Share(%)
Vision Vision

Use 1995 2025 1995 2025
Agriculture 30-35 30 43-50 17
Environmentand
industry 10-15 75 13-21 41

Water supply
and sanitation 30 75 38-43 41

Total 70-80 180 100 100

Souree: World Water Vision staft:

assumethat this would cost about the same ($225 billion).
Additional storage capacity of 200 cubic kilometres will be
needed to replace unsustainable groundwater overcon
sumption at a rough cost of $100 billion. Thiswould bring
the total cost to $550 billion to produce 40% more food
(assessedas required to end hunger) and employment in
rural areas.

Noneof thesenumbersprovidesfor the replacementof exist
ing systemsbecauseof age, neglect. or both.

Pendingthe completion of the cost estimatesto be prepared
at the regionallevel to accompanythe Frameworkfor Action,
total investmentsare conservativelytaken to be $4.5 trillion
over 30 years, or $150 billion a year for 1995-2025. Since
these added investmentswere not made in 1995-2000, the
estimatefor 2000-25 isevenhigher. Herewe haveused$180
billion (tabie 5.1). It must be emphasizedthat these are esti
mated investmentsin new works.

For surfacewater storage alone, about 1% of the instalied
capacity of 6,000 cubic kilometres will need to be replaced
eachyear through new construction or dredging, at a rough
cost of $30 billion a year. The estimatesassumethat opera
tion and maintenancecostswill be covered by existing rev
enue structures, even though this is seldom the case for
irrigation systemstoday.



There is a role for all investor groups in meeting the
financing challenge

Mobilising new financial resources

Total investment in water services today-excluding that
directly by industry as part of establishment costs-is esti
mated at $70-80 biltion a year. The largest investor in services
is government-the traditional public sector, which con
tributes about $50 billion a year. The private sector, ranging
from small water vendors to private municipal and metropol
itan utilities. contributes around $15 biltion. International
donors contribute a further $9 biltion for both water and san
itation services and irrigation and drainage. An investment
newcomer-the international private sector-contributes
about $4 biltion a year.

There is a role for all investor groups in meeting the financing
challenge (box 5.1). The domestic private sector, already active
and important in many places, offers great additional resource
potentlal. At one end of the scale this includes sanitary wares
such as latrines, water carts, and carriers; at the opposite end,
major manufacturers and service delivery companies. Localcon
sultants can be as qualified as much more expensive foreign
consultants-and have a better understanding of local condi
trens. At one end of the scale in food production are water stor
age and harvesting devices and micro-irrigation equipment. At
the other end are agroindustrial equipment manufacturers sup
plying major irrigation schemes. As noted, industry should also
finance its own water supply and wastewater treatment facili
ties-or make capital contributions to installations that meet the
needs of municipalities and large industry.

Proven social mobilisation approaches must be used more to
engage the resources of those not served by water and sani
tation systems. That may require subsidies. But it mainly
requires the recognition that traditional centra I finance has
simply not provided water and sanitation to all women and
men. The value of the community approach has been demon
strated in the construction of water harvesting schemes in the
Alwar District of Rajasthan (box 5.2).

Great hopes have been expressed for major investments by
the international private sector: a recent stockbroker report
suggested th at an increase to $100-165 billion is achievable.
If governments accept the World Water Commission's rec
ommendation of full-cost pricing for water services, this will
be a great incentive not only for local investors but also for
international private investment. Attracting this investment
will also require good water governance-strong regulations,
sound polkies. and up-to-date laws.

Examples of resource mobilisation actions

• Closethe resourcegap for provisionof water services(treatment, sup
ply, environmental protection) of $100 billion or more a year.

• Mobilisenew investmentfrom the international privatesector.

• Integrateservicedevelopmentwith the localconsumereconomyto cre
ate enterprisesand jobs basedon water servicesand wares.

• Develop pricing and charging schemesthat ensure the linancial sus
tainability of water investments.

• Gain recognition for water investmentsamong the ethical investment
community-B/ue Funds to complement Green Funds.

• Facilitatepoor countries' accessto water funds and developmicrocredit
mechanisms-such asthe GrameenBankin Bangladesh-for useat the
community level, to support women and disadvantagedgroups.

• Encouragelocaldevelopment banks(agriculturaland industrial)to lend
at concessionalratesfor water-related programmes.

• Enabledeveloping countries to attract and benefit from private sector
funds by having donors focus on institutional strengthening.

• Make concessionalmultilateral funds available for water supply and
sanitation investmentsonly in countries that haveadopted the recom
mended policy and institutional changes.

• Ensure that water servicesare recognised lor their contribution to
poverty alleviation-enabling governments to use funds releasedby
debt relief for water services.

Souree: GlobalWater Partnership2000.

Water harvesting costs in India

Where Indian communitieshavetaken upwater managementthemselves,
they haveensuredthat the total investmentcostswere low andcontributed
substantiallyto these costs.TarunBharatSangh,an NGO,hasbeenwork
ing with more than 500 villagesin the Alwar district of Rajasthan,encour
aging them to build through their own efforts almost 2,500 water
harvestingstructures.Thesevillageshavecontributed asmuch as92% to
the total cost of these structures-and, with the successof these efforts,
the shareof village contributions hasbeen increasing.

In 1997-98 the total investment in the water harvestingstructureswas 150
million rupees,with 110 million from the villagers.Thestructures built by
the village communities are extremely low cost-ranging Irom 0.2 rupees
($0.0004, or four-tenths of a cent) per cubic metre of storagecapacity to
3 rupees($0.07). Noengineeringorganization,publicor private,canmatch
these costsfor storage.

Souree: Agarwal 1999.
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private foundations sharing information on efforts to reduce

the growing gap in accessto safewater and

environmental servicesbetween the rich
and poor.

Promotetransparency,accountability,
and participation.

Promoteprecautionaryprinciple in

managementof water risks.

Governments, including government
agencies a universities

Facilitatemechanismsto allow

managementof land andwater at the

basinand catchmentlevels.

Adopt formal policy of full-cost pricing of
water services.

Empowercommunitiesto develop their own

water and sanitation systemsbasedon
their needsandwillingness to pay.

Deviseincentives(including pricing) to

encouragesustainablewater use.

Developregulationsthat encouragethe

private sectorwhile protecting the
interestsof society.

Accept limited sovereigntyoverwater in
international watercourses.

Private sector, local and international Beresponsibleto societyasweil as
to shareholders.

Nongovernmental organisations
and communities

Acceptprimary responsibility for water;
beguardiansof water resources;

delegateupward only what cannot be

managedlocally (subsidiarityprinciple).
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the World TradeOrganization.

Reform,strengthen,and provide more

resourcesto the United NationsAgency

CoordinationCommittee,Subcommitteeof
Water Resources(ACC-SWR).

Coordinatereform of water resource

education to integrate environmental

concernsthrough the International

HydrologicalProgramme.

Dispelidea that water managementis

primarily a government responsibility.

Reviewstructure and coordination

mechanismsbetween water agenciesto
avoid conflicts and inefficiencies.

Promotetransparency,accountability,and
rule of law in all institutions.

Assignresponsibility and resourcesfor

municipalwater supplyand sanitation to

the city or community level.

Establishparticipatory market processes
for water allocation.

Fostercommunity representationin

corporate governancestructure.

Includean ethicssubcommittee.

Participatein managementof water supply
and irrigation schemes.



International organisations, induding

private foundations

Governments, induding government

agencies and universities

Private sector, local and international

Nongovernmental organisations

and communities
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• Sourcès of water resource investments

• Launching a movement

Sources of water resource investments

These are investment costs for new infrastructure only. Cash·
flow calculations wiU require adding provisions for roptace
ment costs and operation and maintenance.

Billions of U.S.dollars Sha~e(%)
Vision Vision

Souree 1995 2025 1995 2025
National
Public sector 45-50 30' 58-71 25
Private firms 12-15b 90' 15-21 45
International
Private investors 4b 48 5-6 24
Donors 9 12 12-13 6
Total 70-80 180 100 100

a. Governrne. Nill need to maintain their annual budgets at $50 billion to include
direct subsidiesto the paar who otherwisewill not be ableto afford the costof access
ing servicesprovided by these investments.
b. Doesnot include investmentsby industry.
c. Includesinvestmentsby industry, excluding hydropower.
Souree: WorldWater Vision stafI.

Using the investment funds effectively and minimising the
risksof exploitation by public agenciesand local and foreign
companieswill require openness,transparency,stakeholder
involvement, and efficient local management. When this
happens, the local private sector will also take a greater
interest-and since it will feel more at home with the risks,
it will be a greater source of investment than international
companies.

Privateactorscan thus provide the main sourceof infrastruc
ture investment (tabie 5.2) Government resourceswill con
tribute a smaller share in direct capital investment and
maintenancecostsfor traditional water supply projects.This
will free up public and softer loan and grant resourcesfor
water-related projectsthat supplypublic goods(suchasflood
management)and for subsidiesto low-incomeand disadvan
taged women and men to pay the cost of their minimum
water, sanitation, and irrigation needs.This explicit subsidy
element accounts for the need for total government cash
flows to remainat current levels.The key roleof government
is to provide a regulatory and policy framework for invest
ments to ensure financial sustainability-investments based
on social equity and other guiding principles in the national
water policy.
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Donors need to provide strategic assistancein developing
policies,regulations, institutional capacity,human resources,
and the technical and scientific competencies required to
managethe resourcebaseand water servicesin a fully inte
grated fashion. Donors are also important in helping coun
tries provide for basic needsand environmental protection.
The Global Environment Facility, for example, could be
expandedto makeeven more funds availableto support envi
ronmental research,the conservationof freshwater biodiver
sity, andthe managementof internationalwaters andcoastal
areas. It is recommended that donors continue to support
integrated management and socialand noncommercialuses
of water.

All investorscan help meet the goal of doubling investment,
with the balanceamong them to vary by region and by coun
try. Sofar, most international privateflows have goneto Asia
and SouthAmerica. Donors must direct funds to supporting
the poerest countries, particularly in Africa and South Asia.
The key is to identify each donor's role so that donors can
operate in synergy rather than competition to produce the
best result.

Launching a movement

Inevery countryandfor every activityconcerningwater andthe
environment,waste, authoritarian practices,and duplicatedor
fragmented efforts result in high transactioncostsand rnisal
locatedresources.Internationalsystemsarejust as inefficient.

What canchange this? Both public and privatemanagement
of water will improve through greater accountability, trans
parency, and ruIe of law. Incentivesmust improve for all
stakeholders. More community participation will provide a
senseof ownership and empowerment to localstakeholders.
The role of education in making this processpossiblecannot
beoverestimated.Publicaccessto information will providean
incentive to elected officials and private operators, who will
be held responsiblefor results, including maximisingsocial
welfare. It will also reduce opportunities for corruption and
for the capture of the system by powerful elite. And it will
increaseopportunities for civil servantsto be better trained,
better equipped, and better paid.

At The Hague in March, stakeholders from around the
world-politicians, civil servants,water and environmental
professionals, NGOs representing communities, youth,
women, and special interest groups-came together to





Both public and private management of water
will improve through greater accountability to users,

transparency, and ru/e of law. The ro/e
of education in making this process possible

cannot be overestimated

debate the issuesand recommendations in this report. They
met in sessions of the Second World Water Forum, a
Ministerial Conference,and aWorld Water Fair.Eachof these
stakeholders-we are all stakeholders when it comes to

water-will be asked to make a commitment to specific
actions to start to create the water world we envision for
2025. If eachof usassumesthe responsibilityto act, we will
start a movement to bring about our Vision.

Investing tor the Water Future 65





Appendix

Terms of reference for the
World Water Commission

The FirstWorld Water Forum in Marrakech in March 1997 man
dated the World Water Council to develop a World Water
Vision. The Marrakech declaration identified the process to
develop the Vision as "building on past international efforts
and relying on the collective wisdom and resources of the
global community. The process leading to the Vision will
include research, consultations, workshops, print and elec
tronic publications, and many other means for absorbing, syn
thesising, and disseminating knowiedge. At the conclusion of
th is process, fully aware of the pitfalls along the way, the Vision
will offer relevant policy and region- and country-specific con
clusions and recommendations for action to be taken by the
wortd's leaders to meet the needs of future generations" .

Several steps and actions have already been taken to initiate
the process and to meet this challenge in cooperation
with several organisations worldwide. The International
Conference on Water and Sustainable Development held in
Paris in March 1998 was one such activity towards develop
ing the Vision and fulfilling the mandate given to the World
Water Council in Marrakech. At this meeting the Council pre
sented two documents:

• The background document "Water in the 2pt Century"

• The" Proposed Framework for the Long-term Vision for
Water, Life and the Environment".

The Final Declaration of this ministerial conference encour
aged the World Water Council to proceed with its work. The
current Vision exercise is based on the Framework document.

At a brainstorming meeting held in Washington, D.e., in July
1998, the idea of forming a World Commission on Water for
the 21 st Century was born, and the Commission was formed
under the Chairmanship of Dr. Ismail Serageldin, Chairman of
the Global Water Partnership, Governor of the World Water
Council, and Vice President of the World Bank. The
Commission is being co-sponsored by the World Health
Organization, United Nations Educational, Scientific, and
Cultural Organization, United Nations Department for Social
and Economic Affairs, United Nations Development
Programme, Food and Agriculture Organization, United
Nations Environment Programme, United Nations University,
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World Meteorological Organization, and World Bank. The
creation of the Commission was announced in Stockholm on
August 11, 1998.

Goals and objectives

The goals of the Commission are to make recommendations
on how to:

• Ensure food security through aquaculture, and rainfed
and irrigated agriculture;

• Provide adequate water supply and sanitation services;

• Develop water resources for economic uses, including
industrial water uses, energy production, navigation, and
tourism and recreation; and

• Preserve essential environmental functions with increased
emphasis on sustaining our ecosystems.

The Commission is to guide and report on the findings of the
Vision exercise, whose objectives are to:

• Develop knowledge on what is happening in the world of
water regionally and globally, and on trends and devel
opments outside the world of water which may affect
future water use;

• Based on this knowiedge, produce a consensus on a
Vision for the year 2025 that is shared by water sector
specialists and decisionmakers in the government, the pri
vate sector, and civil society;

• Raise awareness of water issues among the genera I pop
ulation and decisionmakers in order to foster the political
will and leadership necessary to achieve the Vision; and

• Utilise the knowledge and support generated to influence
the investment strategies of countries and funding agencies.

Process

The Vision exercise will be conducted over a period of a year
and a half-roughly from September 1998 to March 2000.
The Commission will establish Thematic Panels to focus expert
attention on trends outside the water sector and a Scenario



Development Panel to assist the consultative process. Day-to
day activities will be managed by a Vision Management Unit
operating from UNESCO in Paris and World Water Council
offices in Montreal. A first round of Consultation will sensitise
and draw upon the knowledge of water sector organisations.
Subsector Visions will be developed through cooperation with
established organisations. Regional Visions will be developed
for areas where water issues are, or are expected to become,
particularly pressing. The results of these discussions will be
synthesised into a draft Vision .A second round of Consultation
will then be held, including discussions at the 1999 Stockholm
Symposium, before the Vision is finalised and presented at the
Second World Water Forum and Ministerial Conference sched
uled for World Water Day 2000, March 17-22, in The Hague.
This event is a unique opportunity to convert public awareness
on water into political commitment.

The Commission will carry out its work with total indepen
dence, guided by these Terms of Reference. It will be sup
ported by the Vision Unit, who will coordinate the exercise on
a day-to-day basis under the guidance of the Chairman of the
Commission. who will have the close collaboration and sup
port of the Vision Management Committee established by the
World Water Council.

Meetings

The Commission will conduct most of its work by correspon
dence and through the participation of individual members in
Vision activities. For example, they will receive for comment
various draft documents, including the work plan of the exer
cise and draft terms of reference for key elements thereof.
The full Commission will meet on two occasions prior to issu
ing its report. The first meeting will be in Cairo on March 23,

1999. The second will be in Stockholm on August 9-10,
1999. The third meeting will be when the Report is released
to the world at the Second World Water Forum in The Hague,
March 22, 2000.

At the first full meeting (in Cairo) the Commission will review
progress made by the Vision exercise up to then, and plans for
its continuation. Commission members will provide their advice
on the work plan. They will also comment on the outline of the
subject areas to be covered by the report of the Commission.
At the meeting in Stockholm the Commission will discuss a
report on the findings of the first round of sector and regional
consultations as summarised and integrated by the Vision Unit.
Members will also discuss and give direction on the content of
the Commission's report. The Commission will finalise its report
mainly through correspondence.

Leading an international reflection

The process to be followed by the Vision exercise is one that
will bring together networks of existing institutions. To the
extent possible it will begin a participatory process open to all
professionals and all water users, in particular women, people
living in poverty, and disadvantaged groups. Special efforts
will be made to reach out to women and youth. The whole
Vision exercise will be a start of a process in which people talk
to each other who have not always done so in the past. It will
encourage water professionals and others to think about pos
sibilities they have not always considered in the past. It wililead
to scenarios and a Vision of the future for the management of
water that wililead to polides and investments that avoid pit
falls and take advantage of opportunities. Members of the
Commission will play key roles as visionaries and spokesper
sons throughout this international consultation.
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Chairman of the World Water Commission

Ismail Serageldin, Vice President, World Bank, and Chairman,
Consultative Group for International Agricultural Research
and Global Water Partnership

Honorary members

HRH The Prince of the Netherlands
Norman Borlaug, Nobel Laureate, United States
Hon. Ingvar Carlsson, Former Prime Minister of Sweden
Jean Dausset, Nobel Laureate, France
Hon. Mikhail Gorbachev, Former President of the Former

USSR
Henry Kendali, Nobel Laureate, United States [deceased]
Hon. Sir Ketumile Masire, Former President of Botswana
Hon. Fidel Ramos, Former President of the Philippines

Members

The countries listed reflect the nationality of the commission
ers, not the location of their organisation.

Shahrizaila bin Abdullah, Malaysia (Hon President,
International Commission on Irrigation and Drainage)

Anil Agarwal, India (Director, Centre for Science and the
Environment)

Abdel Latif AI-Hamad, Kuwait (Chairman of the Board, Arab
Fund for Economic and Social Development)

Kader Asmal, South Africa (Professor and Chairman of the
World Commission on Dams; Minister of Education of
South Africa)

Asit Biswas, India (President, Third World Center for Water
Management)

Margaret Catley-Carlson, Canada (International Consultant;
Former President, Canadian International Development
Agency and Population Council)

Gordon Conway, United Kingdom (President, Rockefeller
Foundation)

Mohamed T. EI-Ashry, Egypt (Chairman and Chief Executive
Officer, Global Environment Facility)

Howard Hiort. United States (Former Deputy Director
General, Food and Agriculture Organization)

Enriqué Iglesias, United States (President, Inter-American
Development Bank)
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Yolanda Kakabadse, Ecuador (President, World Conservation
Union)

Speciosa Wandira Kazibwe, Uganda (Vice President,
Uganda)

Jessica Mathews, United States (President, Carnegie
Endowment for International Peace)

Robert S. McNamara, United States (Co-Chair, Global Coalition
for Africa)

Jérome Monod, France (Chairman of the Supervisory Board,
Suez Lyonnaise des Eaux)

Peter Rogers, United Kingdom (Division of Engineering and
Applied Sciences, Harvard University)

Maurice Strong, Canada (Chairman, Earth Council)
Kazuo Takahashi, Japan (Director, International Development

Research Institute)
Wilfried Thalwitz, Germany (Former Senior Vice President,

World Bank)
José Israel Vargas, Brazil (Former Minister for Science and

Technology, and President, Third World Academy of
Sciences, Brazil)

Senior advisors

The Commission established a panel of Senior Advisors in
March 1999. The panel's mission was to

• Review documents being provideo to the Commission.

• Identify areas they believe the Commission should con
sider priorities

The panel members, all authorities on water resource man
agement, are listed below.

Mohamed Ait-Kadi, President, General Council of
Agricultural Development, Morocco

Arthur Askew, Director, Hydrology and Water Resources
Department, World Meteorological Organization

John Briscoe, Senior Water Advisor, World Bank
Roger de Loose, General Coordinator, Poverty and Hunger

Alleviation Task Force, Rotary International
Bert Diphoorn, Senior Water Advisor, Ministry of Foreign

Affairs, The Netherlands
Farouk EI-Baz, Director, Center for Remote Sensing, Boston

University



Walter Falcon, Director, Institute for International Studies,
Stanford University

Malin Falkenmark, Senior Scientist, Stockholm International
Water Institute

Gourisankar Ghosh, Chief, Water, Environment and
Sanitation Department, United Nations Children's Fund

Henry J. Hatch, Chief Executive Officer, American Society of
Civil Engineers

Richard Helmer, Director, Division of Operational Support in
Environmental Health, World Health Organization

Torkil Jönch-Clausen, Chairman, Technical Advisory
Committee, Global Water Partnership

Guy Le Moigne, Former Executive Director, World Water
Council

Roberto Lenton, Director, Sustainable Energy and
Development Division, United Nations Development
Programme

Richard Meganck, Director, Unit of Sustainable Development
and Environment, Organization of American States

Sandra Postel, Director, Global Water Policy Project
Aly Shady, Senior Policy Advisor, Canadian International

Development Agency
Motoyuki Suzuki, Vice Rector, United Nations University
Andras Szöllosi-Nagy, Director, Division of Water Sciences,

United Nations Educational, Scientific, and Cultural
Organization

Pierre-Frederic Tenière-Buchot, Senior Water Policy Advisor,
United Nations Environment Programme
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Vision Management Committee

Aly Shady (chair), Vice President, World Water Council, Egypt
Mohamed Alt-Kadi, Governor, World Water Council,

Morocco
Jamil AI Alawi, Executive Director, World Water Council,

Bahrain
William J. Cosgrove, Director, Vision Management Unit, ex

officio, Canada
Rene Coulomb, Vice President, World Water Council, France
Bert Diphoorn, Ministry of Foreign Affairs, The Netherlands
Torkil Jönch-Clausen, Global Water Partnership, observer,

Denmark.
Raymond Lafitte, Governor, World Water Council, France
John Pigram, Governor, World Water Council, Australia
Andras Szollosi-Nagy, Governor, World Water Council, Hungary

Vision Management Unit and
Commission Secretariat

The implementation of Vision activities started with the estab
lishment of the Vision Management Unit at the United Nations
Educational, Scientific, and Cultural Organization in July 1998.

Director: William J. Cosgrove , Canada

Deputy Director Frank R. Rijsberman, The Netherlands

Anne Baer, External Relations Consultant, France
(September-December 1998)

Bozena Blix, Project Officer, Croatia
Malia Bouayad-Agha, Gender Coordinator, Algeria
Bongiwe Cele, Network Officer, South Africa
Subhrendu Gangopadhyay, Associate Expert, India
Constance Hunt, Senior Water Resources Professional, United

States (April-September 1999)
Ariana Morris, Administrative Assistant, United Kingdom
Toshio Okazumi, River Basin Expert, Japan (October

1999-ApriI2000)
Ruud van der Helm, Network Officer, The Netherlands

(April-December 1999)
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Scenario Development Panel

Chairman: Ismail Serageldin, Egypt (Chairman, World Water
Commission)

Co-Chairman: Frank R. Rijsberman, The Netherlands (World
Water Vision Unit, Paris)

Secretary: Gilberto Gallopin, Argentina (Stockholm
Environment Institute, Sweden)

Members
Jacob Adesida, Nigeria (United Nations Development

Programme, Abidjan)
Joe Alcamo, United States (University of Kassei, Germany)
Nadezhda Gaponenko, Russia (Russian Academy of Sciences)
Peter Gleick, United States (Pacific Development Institute)
Stela Goldenstein, Brazil (Former Environment Secretary, Säo

Paulo State)
Allen Hammond, United States (World Resources Institute)
Mark Rosegrant, United States (International Food Policy

Research Institute)
David Seckier, United States (Director, International Water

Management Institute, Sri Lanka)
Jill Slinger, South Africa (Council for Scientific and Industrial

Research)
Sree Sreenath, India (Case Western ReserveUniversity, United

States)
Igor Shiklomanov, Russia (State Hydrology Institute)
Ken Strzepek, United States (University of Colorado)
Isabel Valencia, Venezuela
Rusong Wang, China (Chinese Academy of Sciences)



Energy Panel

Chairman: Jamil AI-Alawi, Bahrain (Executive Director, World
Water Council)

Boris Berkovsky, Russia(Head, Energy Division, United Nations
Educational, Scientific, and Cultural Organization)

Ramesh Bhatia, India (Resources and Environment Group)
Michael Jefferson, United Kingdom (Director, Studies and

Policy Development, World Energy Council)
Michael Klein, United Kingdom (Chief Economist, Shell

International Limited)
Thierry Vandal, Canada (Vice President, Strategic Planning,

Hydro-Quebec)

Information and Communication Technology Panel

Chairman: Iqbal Z.Quadir, Bangladesh (Director, GrameenPhone)

Michael B. Abbot, United Kingdom (Internationallnstitute
for Infrastructural, Hydraulic, and Environmental
Eng ineeri ng-Delft)

Gunter Dueck, Germany (Distinguished Engineer, IBM)
Farouk EI-Baz, Egypt (Director, Center for Remote Sensing,

United States)
Hyunh Ngoc Phien, Vietnam (Computer Science and

Information Management Program, School of Advanced
Technology, Asian Institute of Technology)

Kuniyoshi Takeuchi, Japan (Department of Civil and
Environmental Engineering, Yamanashi University)

Biotechnology Panel

Chairman: M.S. Swaminathan, India (M S. Swaminathan
Research Foundation)

Co-chairman Ismail Seragaldin, Egypt (Vice President, World
Bank, and Chairman, Consultative Group for International
Agricultural Research)

Lisa Alvarez Cohen, United States (Associate Professor, Civil
and Environmental Engineering, University of California at
Berkeley)

Usha Barwale, India (Life Sciences Research Centre)
P.e. Kesavan, India (Homi-Bhabha Chair, M.S. Swaminathan

Research Foundation)
Sudha Nair, India (Principal Scientist, M.S. Swaminathan

Research Foundation)
Ajay K. Parida, India (Principal Scientist, M.S. Swaminathan

Research Foundation)
C.s Prakash, India (Centre for Plant Biotech Research)
Hanspeter Schelling, Switzerland (Novartis International AG)
Dillip Shah, India (Researchand Development Director for India)

Institutions, Society, and the Economy Panel

Chairwoman: Margaret Catley-Carlson, Canada (International
Consultant; Former President, Canadian International
Development Agency and Population Council)

Nat Amartiefo, Ghana (Former Mayor, Accra, Ghana)
Jerry Delli Priscolli, United States (Institute of Water

Resources, U.S. Corps of Engineers)
Chuck Howe, United States (Professor of Economlcs,

University of Colorado)
Pierre-Marc Johnson, Canada (Environmental Lawyer, Former

Prime Minister of Québec, member of Club of Lisbon)
Hideaki Oda, Japan (Former Director-General of River Bureau,

Ministry of Construction)
Lilian Saade, Mexico (Internationallnstitute for Infrastructural,

Hydraulic, and Environmental Engineering)
R. M. Saleth, India (Associate Professor, Institute of Economic

Growth)
S.K Sharma, India (Senior Advisor, Development

Alternatives)
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Gender Advisory Committee

Malia Bouayad-Agha, Algeria (Gender Coordinator, World
Water Vision Unit)

Mahnaz Afkhami, Iran (President. Women's Learning
Partnership for Rights, Development, and Peace)

Ingvar Andersson, Sweden (Senior Freshwater Advisor, Water
Programme, Sustainable Energy and Environment
Division, United Nations Development Program me)

Kusum Athukorala, Sri Lanka (Global Water Partnership)
Joke Blom, The Netherlands (Director, Internationallnformation

Centre and Archives for the Women's Movement)
Aggrey Chemonges, Kenya (Regional Consultant for Africa,

United Nations Development Fund for Women)
Rekha Dayal, India (Director, Mallika Consultants)
Fatoumata Diailo, Burkina Faso (Green Cross International)
Christina Espinosa, Peru (Global Facilitator, World

Conservation Union)
Jennifer Francis, Malaysia (Programme Officer, IRC

International Water and Sanitation Centre)
Teckie Ghebre-Medhin, Eritrea (Economic Empowerment

Senior Advisor, United Nations Development Fund for
Women)

Nighisty Ghezae, Sweden (Global Water Partnership)
Bruce Gross, United States (Consultant, Water and Sanitation

Programme, World Bank)
Danielle Hirsch, The Netherlands (Assistant Programme

Specialist, Forest and Water, Both ENDS)
Maliha Hussein, Pakistan (South Asia Technical Advisory

Committee of the Global Water Partnership National
Coordinator)

Margaret Jenkins, Canada (Assistant Programme Specialist.
Economic Empowerment Program me, United Nations
Development Fund for Women)

Annelie Joki-Hubach, The Netherlands (Consultant, IRC
International Water and Sanitation Center)

Gerd Johnsson, Sweden (Councellor, Ministry for Foreign
Affairs-Sweden)
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Tabeth Matiza-Chiuta, Zimbabwe (World Conservation
Union)

Ruth Meinzen-Dick, United States (Senior Research Fellow,
International Food Policy Research Institute)

Lailun Nahar Ekram, Bangladesh (Global Water
Partnership)

Breda Pavlic, Sloven ia (Director, UNESCO Unit for the Status
of Women and Gender Equality)

Lin Pugh, Australia (Manager, Knowledge Sharing Program,
International Information Centre and Archives for the
Women's Movement)

Amreeta Regmi, Nepal (Regional Consultant for South Asia,
United Nations Development Fund for Women)

Gabriella Richardson, Sweden (Social Policy and Gender
Officer, World Conservation Union)

Lydia Ruprecht. Canada (Assistant Programme Specialist,
UNESCOUnit for the Status of Women and Gender Equality)

Cecilia Tortajada, Mexico (Vice President, Third World Centre
for Water Management)

Ruud van der Helm, The Netherlands (Youth Coordinator,
World Water Vision Unit)

Meike van Ginneken, The Netherlands (Global Water
Partnership)

Barbara van Koppen, The Netherlands (Coordinator, Gender
and Water Program, International Water Management
Institute)

Frank van Steenbergen, The Netherlands (Global Water
Partnership, Framework for Action Unit)

Christine van Wijk, The Netherlands (Senior Programme
Officer, IRC International Water and Sanitation Centre)

Wendy Wakeman, United States (Community Development
Specialist, World Bank)

Paul Wolvekamp, The Netherlands (Coordinator, Forest and
Water, Both ENDS)



Background papers and modelling

Nancy Contreras, Research Associate, Third World Centre for
Water Management, Mexico

Gordon Conway, President, Rockefeller Foundation, United
States

Peter Gleick, President, Pacific Development Institute, United
States

Kenneth Strzepek, Professor, University of
Colorado/Stockholm Environmental Institute, United
States

Center for Environmental Systems Research, University of
Kassei, Germany

International Food Policy Research Institute, United States
International Water Management Institute, Sri Lanka
State Hydrological Institute, Russia
Stockholm Environmental Institute, Sweden
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Sectors

Water for People (Vision 21)
Water Supply and Sanitation Collaborative Council,
Switzerland

Water for Food
CEMAGREF, France
DVWK, Germany
Food and Agriculture Organization/lnternational Programme

for Technology and Research in Irrigation and Drainage,
Italy

HRWallingford, United Kingdom
International Commission on Irrigation and Drainage, India
International Food Policy Research Institute, United States
International Institute for Land Reclamation and

Improvement, The Netherlands
International Water Management Institute, Sri Lanka
McGi11 University, Brace Centre for Water Resources

Management, Canada
Wageningen Agricultural University, The Netherlands
World Bank, United States

Water and Nature
World Conservation Union, Montreal Office, Canada

Water in Rivers
Center for Research on River Basin Administration, Analysis

and Management, Delft University of Technology, The
Netherlands

International Association for Hydraulic Research, The
Netherlands

International Network of River Basin Organizations, France
Japanese Ministry of Construction, Japan

Water and Sovereignty
Green Cross International, Switzerland

Interbasin Water Transfer
United Nations Educational, Scientific, and Cultural
Organization-International Hydrological Programme, France

Water, Education, and Training
United Nations Educational, Scientific, and Cultural
Organization-International Hydrological Programme,
France

Regions

Africa Coordination
African Development Bank, C6te d'lvoire

Southern Africa
Global Water Partnership-Southern Africa Technical Advisory
Committee, Zimbabwe

West Africa
Global Water Partnership-West Africa Technical Advisory
Committee, Burkina Faso

Nile Basin
Ministry of Public Works and Water Resources, Egypt
Nile Basin Initiative, Uganda

Arab countries
Economie and Social Commission for Africa, Ethiopia
United Nations Educational, Scientific, and Cultural

Organization, Regional Office for Science and Technology
for the Arab States, Egypt

United Nations Environment Programme, Kenya
World Water Council, France

Mediterranean
Global Water Partnership-Mediterranean Technical Advisory

Committee, France
Plan Bleu (Blue Plan), France

Rhine Basin
Ministry of Transport, Public Works and Water Resources

Management, The Netherlands

Central and Eastern Europe
Global Water Partnership-Central and Eastern Europe

Technical Advisory Committee, Hungary
Water for Tourism and Recreation
John Pigram, Center for Water Policy Research, University of Russia
New England, Australia Russian Academy of Sciences, Russia
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Aral Sea Basin Central America and the Caribbean
United Nations Educational, Scientific, and Cultural Cathalac, Water Center tor the Humid Tropics of Latin

America and the Caribbean, PanamaOrganization-International Hydrological Programme, France

South Asia
Global Water Partnership-South Asia Technical Advisory
Committee, India

Southeast Asia
Global Water Partnership-Southeast Asia Technical Advisory
Committee, The Philippines .

China
Chinese Academy of Sciences, China

Australia and New Zealand
Center for Water Policy Research, University of New England,
Australia

Americas Coordination
Global Water Partnership-South America Technical Advisory

Committee, Chile
Organization of American States, United States

South America
Global Water Partnership-South America Technical Advisory

Committee, Chile

North America
McGi11 University, Brace Centre for Water Resources

Management, Canada
National Commission for Water, Mexico
The Nature Conservancy, United States
Organization of American States, United States
Water Environment Federation, United States

Gender
Both ENDS(Environment and Development Service for NGOs),

The Netherlands
Internationallnformation Centre and Archives for the Women

Movement, The Netherlands
International Water Management Institute, Sri Lanka
IRC International Water and Sanitation Centre, The

Netherlands
United Nations Development Fund for Women, United States

Youth
Globetree Foundation, Sweden
The Hague International Model United Nations, The

Netherlands
Junior Chamber International, United States
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August 1998 Scoping Meeting for Southern Africa
Harare, Zimbabwe
January 28-29Announcement of the Formation of the World Commission

on Water for the 215\ Century
Stockholm, Sweden
August 11

Scoping Meeting for West Africa
Ouagadougou, Burkina Faso
January 28-29

September 1998
February 1999

First Scenario Development Panel Meeting
Washington, D.e.
September 24-25

Thematic Panel on Biotechnology
Chennai, India
February 4-5

October 1998

Water for Food Preparatory Meeting
Rabat. Morocco
October 27-28

Thematic Panel on Information and Communication
Technology
Paris, France
February 5

November 1998 Scoping Meeting for South Asia
New Delhi, India
February 13-14Global Water Partnership- Technical Advisory Committee

Meeting
Warsaw, Poland
November 8-9

Thematic Panel on Institutions, Society, and the Economy
Paris, France
February 18-19

Scenario Development Panel Meeting
Washington, D.e.
November 9-10

March 1999

Water and Nature Preparatory Meeting
Dakar, Senegal
November 9-13

Scoping Meeting for South America
Cali, Colombia
March 2-3

Water for People Preparatory Meeting
Abidjan, C6te d'lvoire
November 16-20

Nile 2000
Cairo, Egypt
March 15-18

Thematic Panel on Energy
Paris, France
November 20

Global Water Partnership-Technical Advisory Committee
Meeting in Cairo
Cairo, Egypt
March 19

January 1999 Board Meeting of the World Water Council
Cairo, Egypt
March 20-21Donor Meeting

Paris, France
January 26
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Extended Vision Team Meeting with Senior Advisors on World
Water Day
Cairo, Egypt
March 22

First Meeting of the World Commission on Water for the 21 st

Century
Cairo, Egypt
March 23

Discussion of Social Charter for Water
Paris, France
March 25

Vision Workshop at the Third Dialogue on Water
Management
Panama, Panama
March 25-26

April 1999

Vision Workshop on Water and Nature-Freshwater
Ecosystem Management and Social Security
Harare, Zimbabwe
April 13-15

China Regional Scoping Meeting
Shanghai, China
April 15-16

Vision Consultation at the European Geophysical Society
Meeting
The Hague, the Netherlands
April 19-23

Meeting of the Knowledge Synthesis Group for Water Supply
and Sanitation (Vision 21)
Wageningen, the Netherlands
April 20-22

Technical Consultanon for Aral Sea Basin Regional Vision
Tashkent, Uzbekistan
April 26

International Workshop on Interbasin Water Transfer
Paris, France
April 26-27

Global Water Partnership-South Asia Technical Advisory
Committee: Mapping through NGO-GO Interaction Meeting
for India
Ahmedabad, India
April 26-27

Water for Food: International Commission on Irrigation and
Drainage-Coordinated Meeting on East Asia
Shanghai, China
April 26-28

Presentation of the Vision Project at Scientific Committee on
Water Research Meeting of the International Council for
Science
Paris, France
April 27

May 1999

Global Water Partnership- Technical Advisory Committee
Meeting in Budapest
Budapest, Hungary
May 3-7

Preparation of the First Draft of Water for People Sectoral
Consultation (Vision 21)
London, England
May 4-7 (with an extension to May 15 for the completion
group)

Sub-Regional Expert Consultation on Water for Food: Food
and Agriculture Organization-Coordinated Meeting on West
Africa
Accra, Ghana
May 6-7

Global Water Partnership-South Asia Technical Advisory
Committee: Sri Lankan Country Vision Meeting
Colombo, Sri Lanka
May 6-7

Presentation of Vision Project and Discussion of Vision for
Arab Countries at Water for Sustainable Growth Conference
Amman, Jordan
May 8-11
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Water for Food and Rural Development Sectoral Consultation
for Europe
Bratislava, Slovak Republic
May 10-11

Regional Scoping Meeting for Global Water
Partnership-Southeast Asia Technical Advisory Committee
Manila, the Philippines
May 13-14

Global Water Partnership-South Asia Technical Advisory
Committee: India Country Vision Meeting
New Delhi, India
May 16-17

Water for Food and Rural Development Consultation for East
Asia
Kuala Lumpur, Malaysia
May 17-19

Presentation of the Vision Project and Discussion of the Lake
Biwa Regional vision at the Eighth International Conference
on the Conservation and Management of Lakes
Copenhagen, Denmark
May 17-21

Global Water Partnership-South Asia Technical Advisory
Committee: Bangladesh Country Vision Meeting
Dhaka, Bangladesh
May 20-21

Global Water Partnership-South Asia Technical Advisory
Committee: Pakistan Country Vision Meeting
Lahore, Pakistan
May 24-25

Presentation of the Vision Project at the Africa Water
Resources Policy Conference
Nairobi, Kenya
May 24-27

Sub-Regional Expert Consultation on Water for Food: Food
and Agriculture Organization-Coordinated Meeting on East
and Southern Africa
Harare, Zimbabwe
May 26-27
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Water for Food CEMAGREF/HR Wallingford-Coordinated
Meeting for Middle East and North Africa
Bari, Italy
May 27-29

Global Water Partnership-South Asia Technical Advisory
Committee Mapping Meeting for Nepal
Kathmandu, Nepal
May 28

Global Water Partnership-South Asia Technical Advisory
Committee: Nepal Country Vision Meeting
Kathmandu, Nepal
May 29-30

Vision Report Drafting Team Meeting
Paris, France
May 31-June 4

June 1999

Water for Food and Rural Development Sectoral Consultation
for South Asia
New Delhi, India
June 1-3

Discussion of the Vision Project at The Learning Society and
the Water-Environment International Symposium
Paris, France
June 2-4

Presentation of the Vision Project at Water 99: Third Annual
International Water Conference
Dundee, United Kingdom
June 6-10

Vision Workshop on Water and Nature: Freshwater
Ecosystem Management and Economic Security
Bangkok, Thailand
June 9-11

Presentation and Discussion of Global Water
Partnership-Mediterranean Technical Advisory Committee
Regional Vision at Technical Advisory Committee Meeting in
Budapest
Budapest, Hungary
June 9-10



Women and Water: Sisterhood IsGloballnstitute Networking
and Brainstorming Meeting on Women's Participation in the
Vision Process
Washington, D.e.
June 10-12

National Visions for Central and Eastern Europe Presented at
Technical Advisory Committee Meeting in Budapest
Budapest, Hungary
Junell-12

Scenario Drafting Team Meeting
Paris, France
June 14-18

Discussion of Vision Project and the Water for Food Sectoral
Vision for the Americas at Ministerial Meeting
Montevideo, Uruguay
June 15-18

Presentation of the Vision Project and Discussion of
Freshwater Issues at the United Nations Environment and
Development (UNED-UK)-sponsored Building Partnerships
for Sustainable Development Conference
London, United Kingdom
June 16

Vision Workshop on Water and Nature: Freshwater Ecosystem
Management and Environmental Security
San Jose, Costa Rica
June 20-22

National Consultation Meeting on Water Sector Mapping
and Vision
Kuala Lumpur, Malaysia
June 28

Scenario Development Panel Meeting
Paris, France
June 28-29

South Asia Regional Conference on South Asia Vision
Colombo, Sri Lanka
June 28-29

Canada Vision Consultation
Montreal, Canada
June 28-29

Second Reference Group Meeting for Global Water
Partnership-Southern Africa Technical Advisory Committee
Pretoria, South Africa
June 30

Mapping Meeting for Global Water Partnership-South Asia
Technical Advisory Committee
Colombo, Sri Lanka
June 30

Water for Food Consultations for the Americas
Montreal, Canada
June 30-July 2

July 1999

Consultation on a Regional Water Vision for the Danube Basin
Hungary, Budapest
July 1

First Regional Stakeholder Meeting for Global Water
Partnership-Southern Africa Technical Advisory Committee
Pretoria, South Africa
July 1-2

Global Water Partnership-Mediterranean Technical Advisory
Committee Vision Presentation for the Mediterranean
Commission for Sustainable Development
Rome,ltaly
July 1-3

Presentation of the Vision Project at the African International
Environmental Protection Symposium (AIPES99)
Pietermaritzburg, South Africa
July 4

Discussion of Global Water Partnership-Mediterranean
Technical Advisory Committee Regional Scenarios at the
Committee's General Assembly Meeting
Valette, Malta
July 5-7
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Vision Report Drafting Team Meeting
Paris, France
July 5-9

Vision for Rainwater Catch ment Systems in the 21stCentury
at the Second Brazilian Rainwater Catchment Symposium
Petrolina, Brazil
July 6-9

Presentation of the Vision Project and Australia's Draft Vision
at Water 99 Joint Congress: 25th Hydrology and Water
Resources Symposium
Brisbane, Australia
July 7

Preliminary Meeting for Water in Rivers Sectoral Vision
Tokyo, Japan
July 7-8

Meeting for Global Water Partnership-West Africa Technical
Advisory Committee
Ouadagoudou, Burkina Faso
July17-18

August 1999

Water for Food and Rural Development Sectoral Consultation
for Central Asian Republics
Tashkent, Uzbekistan
August 3-6

Arab Countries Vision Consultation
Marseilies, France
August 4-5

Global Water Partnership-Technical Advisory Committee
Meeting in Stockholm
Stockholm, Sweden
August 7-8

Second Meeting of the World Commission on Water for the
21't Century
Stockholm, Sweden
August 9
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Workshop on Vision-in-Progress during Stockholm Water
Symposium
Stockholm, Sweden
August 10

Zimbabwe National Consultation for Global Water
Partnership-Southern Africa Technical Advisory Committee
Harare, Zimbabwe
August 24

Latin America Regional Consultation for Vision 21 (Water for
People)
Quito, Ecuador
August 25-27

Lesotho National Consultation for Global Water
Partnership-Southern Africa Technical Advisory Committee
Meserv, Lesotho
August 31

September 1999

Namibia National Consultation for Global Water
Partnership-Southern Africa Technical Advisory Committee
Windhoek, Namibia
September 2

Malawi National Consultation for Global Water
Partnership-Southern Africa Technical Advisory Committee
Lilongwe, Malawi
September 8

Central and Eastern European Regional Vision Consultation
Vilnius, Lithuania
September 10-11

Presentation of the Water for Food Vision at the 17th
International Commission on Irrigation and Drainage
Conference on Water for Agriculture in the Next Millennium
Granada, Spain
September 11-19

Africa Regional Water for People Sectoral Consultation
(Vision 21)
Dakar, Senegal
September 13-17



Presentation of the Vision Project at the 11th Asia Pacific and
2nd Commonwealth Congress of Environmental Journalists
Dhaka, Bangladesh
September 13-17

Botswana National Consultation for Global Water
Partnership-Southern Africa Technical Advisory Committee
Gaberone, Botswana
September 14

Brainstorming Meeting for a French Vision
Paris, France
September 15

South Africa National Consultation for Global Water
Partnership-Southern Africa Technical Advisory Committee
Pretoria, South Africa
September 16

Ministerial Conference Preparatory Meeting
The Hague, The Netherlands
September 20-21

From Vision to Action India Regional Vision and Framework
for Action Workshop
New Delhi, India
September 20-21

Swaziland National Consultation for Global Water
Partnership-Southern Africa Technical Advisory Committee
Lobamba, Swaziland
September 21

Presentation of the Vision Project at the Integrated Drought
Management: Lessons for Sub-Saharan Africa Conference
Pretoria, South Africa
September 22

Mozambique National Consultation tor Global Water
Partnership-Southern Africa Technical Advisory Committee
Maputo, Mozambique
September 23

Asia Regional Consultation for Vision 21 (Water tor People)
Bangkok, Thailand
September 24-25

Smallisland Countries Regional Consultation for Vision 21
(Water for People)
Trinidad
September 29-30

Tanzania National Consultation for Global Water
Partnership-Southern Africa Technical Advisory Committee
Tanzania
September 30

October 1999

World Water Vision Modeliers Meeting
Colombo, Sri Lanka
October 1-2

Vision Explorer Presentation at the Water Information Summit
Fort Lauderdale, Florida
October 3-6

Zambia National Consultation for Global Water
Partnership-Southern Africa Technical Advisory Committee
Lunited stateska, Zambia
October 6

First Sri Lanka Framework for Action Consultation
Colombo, Sri Lanka
October 8

Angola National Consultation for Global Water
Partnership-Southern Africa Technical Advisory Committee
Luanda, Angola
October 13

Estonia National Consultation for Global Water
Partnership-Central and Eastern Europe Technical Advisory
Committee
Tallin, Estonia
October 15

Lithuania National Consultation for Global Water
Partnership-Central and Eastern Europe Technical Advisory
Committee
Vilnius, Lithuania
October 15
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Pakistan Framework for Action Consultation
Islamabad, Pakistan
October 17

Presentation of First Draft of Mediterranean Vision, Mapping,
and Action Strategies at the Euro-Mediterranean Water
Conference
Turin, Italy
October 18- 19

Writing Meeting for Southern Africa Regional Vision
Harare, Zimbabwe
October 18-22

Report on Status of the Vision Project at the Foundation for
Water Research's Conference on Working Together to Meet
the World's Water Needs
Birmingham, United Kingdom
October 19

Meeting of National Groups for Aral SeaVision
Tashkent, Uzbekistan
October 22

Bulgaria National Consultation for Global Water
Partnership-Central and Eastern Europe Technical Advisory
Committee
Sofia, Bulgaria
October 25-26

Water and Nature Vision Drafting Meeting
Gland, Switzerland
October 26

Presentation of First Draft of Mediterranean Vision, Mapping,
and Action Strategies at Meeting of Barcelona Convent ion
Signatories
Barcelona, Spain
October 27-30

Central and Eastern European Regional Vision Consultation
Ljubljana, Slovenia
October 30
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November 1999

Water in Rivers Sectoral Consultation
Tokyo, Japan
November 1-3

Second Regional Stakeholder Meeting for Global Water
Partnership-Southern Africa Technical Advisory Committee
Gaberone, Botswana
November 8-9

United States Water Vision Consultation
Arlington, Virginia
November 9-10

Third Reference Group Meeting for Global Water
Partnership-Southern Africa Technical Advisory Committee
Gaborone, Botswana
November 10

Scenario Development Panel Meeting
Paris, France
November 11-12

Bangladesh National Vision Consultation on the Framework
for Action, Youth, and Gender
Dhaka, Bangladesh
November 13-15

North America Consultation
Miami, Florida
November 15-16

Global Consultation for Vision 21 (Water for People)
Gujarat, India
November 15-16

Presentation of the Vision Project at Investing in the Future of
the Global Water Industry Conference
London, United Kingdom
November 18- 19

NGO Consultation on India Water Vision
November 27-29
Mumbai, India
Senior Advisors Meeting
The Hague, the Netherlands
November 28



Commission Meeting
The Hague, The Netherlands
November 28-30

December 1999

World Water Forum Presentation Coordinating Meeting
The Hague, The Netherlands
December 1

South America Regional Technical Advisory Committee
Meeting
Lima, Peru
December 6-8

Presentation of the Vision Project at the Modeling the
Dynamics of Natural, Agricultural, Hydrologieal, Tourism, and
Socio-Economie Systems Conference (MODSIM 99)
Hamilton, New Zealand
December 6-9

South Asia Regional Conference on South Asia Vision and
Framework for Action
Dkaka, Bangladesh
December 6-9

India Framework for Action Consultation
Chennai, India
December 13-14

PODIUM Review Workshop
New Delhi, India
December 14-15

National Consultation Meeting on Vision
Kuala Lumpur, Malaysia
December 18

Drafting Team Meeting for the Western Africa Regional Vision
Accra, Ghana
December 18-20

Framework for Action and Technical Advisory Committee
Meeting
London, United Kingdom
December 20

January 2000

Social Charter for Water Advisory Group Meeting
Paris, France
January 14

Southeast Asia Technical Advisory Committee Meeting
Manila, The Philippines
January 19-21

Global Water Partnership- Technical Advisory Committee
Meeting
Manila, The Philippines
January 20

International Preparatory Committee Meeting for Ministerial
Conference
Amsterdam, The Netherlands
January 30-February 1

February 2000

Global Water Partnership, Financial Support Group
Amsterdam, The Netherlands
February 2

Forum International Steering Committee
Cairo, Egypt
February 4

Africa-wide Stakeholder Consultation
Abidjan, C6te d'lvoire, or Addis Ababa, Ethiopia
February 8-9

National Consultation Meeting on Vision to Action
Kuala Lumpur, Malaysia
February 18

March 2000

Second World Water Forum
The Hague, The Netherlands
March 17-22
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All background documents are available on the CD-ROM that
accompanies this book.

Secretariat documents

Thematic Panel Reports, World Water Vision Unit, November
1998-March 1999.

World Water Scenarios: Analysis, Frank R. Rijsberman, ed,
Forthcoming publication from Earthscan, London.

Mainstreaming Gender in Water Resources Management:
Why and How: Background Paper for the World Water V/sion
Process, N. Maharaj, ed.. October 1999.

Regional vision documents

Africa
The Africa Water Vision for 2025.· Equitable & Sustainable Use
of Water for Socioeconomic Development, African Caucus,
December 1999.

West Africa
West Africa Water vision. Global Water Partnership-West
Africa Technical Advisory Committee, December 1999.

Southern Africa
Southern Africa Vision for Water, Ufe and the Environment in
the 2 pt Century and Strategic Framework for Action
Statement, Global Water Partnership-Southern Africa
Technical Advisory Committee, November 1998.

Nile Basin
The Vision for Water in the 2]5t Century for the Countries of
the Nile River Basin, A. Shady, ed , March 1999.

Arab countries
Water Vision for the Arab Countries towards the Year 2025.
K.F. Saad, November 1999.

Mediterranean
Mediterranean Vision on Water, Population and the
Environment for the XX/st Century, J. Margat and D. Vallee,
October 1999.
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Rhine Basin
Visions for the Rhine, Rhine Basin Vision Project Group,
October 1999.

Centra I and Eastern Europe
A Vision of Water Resources Management in Central and
Eastern Europe, Global Water Partnership-Central and
Eastern Europe Technical Advisory Committee, August 1999.

Water Management Mapping Report for the Danube Sub
region Countries of Eastern and Central Europe: Bulgaria,
Czech Republic, Hungary, Romania, Slovakia and Slovenia,
Global Water Partnership-Central and Eastern Europe
Technical Advisory Committee, May 1999.

Water Resources Management Mappmg and Vision for the
Baltic Sub-region of Eastern and Central Europe. Estonia,
Latvia, Uthuania and Po/and, M. Nawalany, June 1999.

Russia
Russian Water Vision: Scenarios of Russian Water Sector
Development, N. Gaponenko, August 1999.

Aral Sea Basin
Water-related Aral Sea Basin Vision for the Year 2025,
United Nations Educational, Scientific, and Cultural
Organization-International Hydrological Programme,
October 1999.

South Asia
South Asia Regional Water Vision 2025, Global Water
Partnership-South Asia Technical Advisory Committee, July
1999.

China
China Vision, R. Wang, Z. Ouyang, H. Ren, and Q Min,
November 1999.

Australia and New Zealand
AVision for Australia's Water Resources 2025, J. Pigram and
B. Hooper, November 1999.

Americas
The Vision on Water, iite and the Environment in the 2 pt
Century.' The Americas, Inter-American Water Resources
Network, December 1999.



South America
South America Regional Vision and Framework for Action,
Global Water Partnership-South America Technical Advisory
Committee, August 1999.

Centra I America and Caribbean
Vision on Water, Life and the Environment for the 2pt
Century: Regional vistcos. CentraI America and the
Caribbean, Water Center for the Humid Tropics of Latin
America and the Caribbean, August 1999.

North America
Canadian Roundtable on aVision for Water, Life and the
Environment for the 21't Century, C. Madramootoo, June
1999.

Vision on Water, Life and the Environment for the 21't
Century: Regional Consultations: North America, Mexican
National Commission for Water, December 1999.

Sector vis ion documents

Water for People
Vision 21.' Water for People: A Shared Vision for Water
Supply, Sanitation and Hygiene and a Framework for
Mobilisation of Action, Water Supply and Sanitation
Collaborative Council, December 1999.

Urban Water and Sanitation Systems,T. Milburn, November
1999.

Water and Nature
Freshwaterand RelatedEcosystems- TheSouree of Life and
the Responsibilityof All: A World Water V/sionfor Sustainable
Management of WaterResourcesin the 21 st Century,World
Conservation Union, October 1999.

Water and Nature Discussion Papers
Freshwater Ecosystems,Conflict Management & Economie
Security,T. Swanson and C. Doble, May 1999.

Freshwater Ecosystems Management & Environmental
Security,M.P. McCartney, ML Acreman, and G. Bergkamp,
June 1999.

Freshwater EcosystemsManagement & Social Security: A
DiscussionPaper for IUCN, J. Soussan, N. Emmel, and C.
Howorth, March 1999.

Water for Food
A Vision of Water for Food and RuralDevelopment, P. van
Hofwegen and M. Svendsen, November 1999.

Water in Rivers
Report on Sector Consultation "Water in Rivers", H. Oda,
November 1999.

Water in Rivers.Flooding, R.White, September 1999.

Contributton to the World Water V/sion, International
Network of Basin Organizations, November 1999.

Recommendationsand Guidelineson SustainableRiverBasin
Management. Workshop Reportof "International Workshop
on RiverBasinManagement", Center for Research on River
Basin Administration, Analysis and Management, Delft
University of Technology, October 1999.

Sovereignty
NationalSovereigntyand International WaterCourses,Green
Cross International, November 1999.

Interbasin Water Transfer
Interbasin Water Transfer, United Nations Educational,
Scientific, and Cultural Organization-International
Hydrological Programme, April 1999.

Water for Tourism and Recreation
AVision for Water and Tounsm-2025, J. Pigram, November
1999.

Water, Education, and Training
Water, Education and Training,United Nations Educational,
Scientific, and Cultural Organization-International
Hydrological Programme, October 1999.
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aquifer a layer of earth or rock containing groundwater.

blue water renewable water resources-the portion of rainfall

that enters into streams and recharges groundwater.

consultations process through which more than 40 groups

around the world developed sector and regional visions

and commented on the evolving World Water Vision.

criticality ratio ratio of water withdrawals to total renewable
water resources, preferably on a basin scale.

current basin use ratio of consumptive use in a basin to the pri

mary water supply. When this factor is low-say, 30%

water could be saved and put to more productive use.

When it is high-say, 70%-increasing water consumption

is likely to be difficult and undesirable from a perspective

of leaving sufficient water in nature and for the environ

ment.

dams, large defined by the International Commission on Large

Oams as having a height over 15metres.
--, International Commission on established by the World

ConservationUnionand the World Bankto carryout a bal
ancedanalysisof all the costsand benefits of large dams
and proposecriteria to evaluate the social,economie,and
environmental desirability of proposer' dam projects.Will
deliver its report by mid-2000.

drivers the key factors, trends, or processesthat influence a sit
uation, focal issue,or decision,propel the systemforward,
and determine a scenario'soutcome.

Falkenmarkindicator renewablewater resourcesper capita per
year-usually held to show that water stressbeginswhen
the indicator is below 1,700 cubic metres a year and
becomessevere when it falls below 1,000cubic metres a
year.

fossil water groundwater that has accumulated over a long
period-often in previous geological periods-and is not
or barely recharged.Not a renewable resource.

Framework for Action programme of the Global Water
Partnership to develop a framework of actions at the
regionallevel that would achievethe World Water Vision
objectives.

full-cost pricing userspay the full costof obtaining, collecting,
treating, and distributing water, as weil as collecting,
treating, and disposingof wastewater.

gender mainstreaming incorporation of gender perspectives
into water resource management strategies requires
attention to the complexrelationship betweenproductive
and domestic usesof water resources,to the importanee
of participation in decisionmaking for all (women and
men), and to the equitable distribution of benefits from
improved infrastructure and management systemsfor all
(SIOA1997).

GlobalWater Partnershipan international network established
in 1996, open to all organisations involved in water
resourcemanagement,created in responseto the needto
promote integrated water resourcemanagementthrough
activities at the field level.

greenwater soitwater-the portion of rainfall that isstored in
the soil and evaporatesfrom it; usedby ecosystemsandas
soureefor rainfed agriculture.

groundwater water contained in the saturated zone of a layer
of earth or rock.

--, recharge amount of water-mostly rainfall-that perco
latesthrough soil and enters groundwater.

innovation changein technology or managementthat improves
the productivity, efficiency, or effectivenessof water use;
relates to improvements ranging from improved mem
brane technology that reducesthe costof desalinationto
institutional changesthat improve farmers' control over
water supplyand thereby yields.

integrated water resourcemanagement philosophy that holds
that water must be viewed from a holistic perspective,
both in its natural state and in balancing competing
demands on it-agricultural, industrial, domestic, and
environmental. Management of water resourcesand ser
vicesneedsto reflect the interaction between these dif
ferent demands,and somust be coordinated within and
acrosssectors.If the mariy cross-cuttingrequirementsare
met, and if there can be horizontal and vertical integra
tion within the management framework for water
resourcesand services,a more equitable, efficient, and
sustainable regime will emerge (Global Water
Partnership,Frameworkfor Action 1999).

irrigated area,harvestedcroppedarea.Forexample,a 1-hectare
plot that hastwo cropsper yearcountsas2 hectares.



Glossary

--, net physicalarea of irrigated agricultural land.
irrigation. deficit aimsto increaseproductivity per unit of water

with irrigation strategiesthat do not fully meet evapora
tive requirements.

--, precision aims to reduce nonbeneficial evaporation
through more uniform application; includes drip irriga
tion, precisionsprinklers,and level basins(laser levelling).

--, supplemental irrigation supplementing limited rainfed
agriculture during critical periods in the growing season.

model a schematicdescription of a system,theory, or phenom
enon that accountsfor its known or inferred properties
and maybe usedfor further study of its characteristics.

--, IMPACT: an economie model developed by the
International FoodPolicyResearchInstitute to analysethe
supply of and demand for world food and consequences
for world food trade (Rosegrantand Ringier 1999).

--, PODIUM: a water policy model developed by the
International Water Management Institute to analysethe
supply of and demand for water resources,with detailed
analysisof the water for food and rural development at
the national and global levels(IWMI 2000).

--, WaterGAP:a global model combining a hydrology compo
nent basedon climate factors with adynamie analysisof
uses;relieson a0.5by0.5degreegrid for analysisat the river
basin level. Developed by the Centre for Environmental
SystemsResearchat the University of Kassei(Alcamoand
others 1999).

overextraction groundwater extraction that exceedsrecharge
and results in dropping groundwater tables.

potential basin use ratio of consumptive use in a river basinto
the usabiewater supply.Where this is lower than current
basin usethere is scopefor water resourcedevelopment
from a technical and economieperspective;doesnot indi
cate whether such development is socially or environ
mentally desirabie.

primary water supply amount of water that canbe diverted or
pumped with current infrastructure.

productivity amount of productsor servicesproducedper unit of
water consumed.At a fixed demand for products or ser
vices,increasingproductivity meansreducing the demand
for water. Increasingproductivity canbe the result of tech
nological asweil asmanagement improvements.
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rainwater harvesting efforts to increasethe amount of rainfall
captured and stored for later use.Usuallyrefers to small
scale,household or community-basedefforts to increase
the amount of rainfall that rechargesgroundwater or to
capture runoff from fields or roofs in small storage struc
tures suchastanks.

renewable water resourcesthe porti on of rainfall th at enters
into streamsand rechargesgroundwater.

sanitation disposal of household and industrial wastewater,
excreta, and so on.

scarcity, economie indieatesthat suffieient water resourcesare
available to meet demand but that water supplieswould
need to be developed to do so, creating a financial and
capacity problem when economiescarcityis high.

--, physical indicatesthat evenwith the highest feasible effi
ciency and productivity of water, there are insuffieient
resourcesto meet demand.

scenario story about the future with a logical plot and narra
tive governing the manner in which events unfold. A
possible course of events leading to a resulting state of
the world (or image of the future), not a forecast or
projection.

sovereignty the right of national governments to manage and
usewater resourcesthat originate in or passthrough their
national territory as they see fit. In international basins
cooperation over sharedmanagementof water resources
isof paramount importanee. Increasedcooperation would
lead governments to voluntarily accept limitations on
their sovereignty over water.

storage to retain flood water for later human use.Includestra
ditional means such as small tanks and large and small
reservoirs,asweil asstorage in groundwater aquifers.

surfacewater water in streams,rivers,or lakes.
usabie water supply the amount of renewable resourcesthat

can be used if all technieally and economically feasible
storage and diversion structuresare built.

valuing ecosystemfunctions healthy ecosystems,both freshwa
ter and terrestrial, provide many servicesfrom fish and
wildlife production to flood control to recreation. More
research into ecosystemfunctioning is needed to assess
the valuesof the servicesprovided.

vision a desirabie future and the way to get there.



--, global global World Water Vision describes a desirabie

water future for 2025 for all uses and for the world as a

whole as weil as the key strategic actions required to
achieve this future.

--, plural given th at different stakeholders from various parts

of the world have different backgrounds, experi ences, and

interests, a single World Water Vision that has the support

of everybody is not likely to evolve except at the level of

basic principles. There will be plural visions on wh at con

stitutes a desirabie water future, but what counts is to

achieve a widely shared agreement on urgent actions to

move in the right direction. This agreement should involve

a much larger section of the population than to date.

--, regional vision of a desirabie water future for 2025 for all

water uses in a specific region-such as South Asia, the

Mediterranean, or Southern Africa. More than 15

regional Visions were developed as part of the World

Water Vision exercise.

--, sector vision for a desirabie water future at agiobal scale

for a specific water subsector. Sector visions we re devel

oped through extensive consultations for Water for
People (Vision 21), Water and Nature, Water for Food and

Rural Development, and Water in Rivers. Special, more
limited efforts were undertaken for Water and Tourism, a

Social Charter, and Water Sovereignty.

virtual water water used to produce a good or service. For exam

ple, 1 kilogram of wheat contains at least 1,000 litres of

virtual water.

Vision Management Unit unit of the World Water Council respon

sibie for day-to-day management of the World Water Vision

exercise. Housed in the Paris headquarters of the United

Nations Educational, Scientific, and Cultural Organization.

water consumed water delivered to a use that is evaporated or

incorporated into products and organisms, such that it

becomes unavailable to other users.

water crisis the current widespread and chronic lack of accessto

safe and affordable drinking water and sanitation, the

high incidence of water-related diseases, the destruction

of wetlands, and the degradation of water quality in rivers

and lakes.

watershed an area from which rainfall flows off through one

particular watercourse. A large watershed is often corn

posed of subwatersheds because each tributary of a main
river has its own watershed.

water stress an indicator of insufficient water of satisfactory

quality and quantity to meet human and environmental
needs.

water subsidies government funds th at cover part of the cost,

directly or indirectly, of making water services available to

users and disposing of wastewater.

water use the renewable resources withdrawn from surface and

groundwater for human use. Part of this is returned after

use and subsequently reused or left in nature.

water withdrawn water diverted ,from streams or rivers and

pumped from groundwater aquifers for human use.

wetland a natura I area covered at least part of the time or sea

sonally with water, such as a marsh, a floodplain, mud
flats, or a delta.

World Water Commission established by the World Water

Council to guide the World Water Vision exercise.

World Water Council established in 1996 as a neutral, non

profit, nonpolitical, and independent forum to advocate,

assist, and advise on global water issues-a global water

policy think tank.

World Water Vision exercise the process developed for the

World Water Vision with the participation of more than

15,000 people in an 18-month period.
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