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Foreword

Water is an integral part of the lives and livelihoods
of all of us. Our health, our food, our energy
security and our environment all depend on
investments in water resources management.
Without good water management, we will not be
able to achieve sustainable development or reduce
poverty.Norwill we be able to respond effectively to
emerging new challenges such as climate change
adaptation.
The GlobalWater Partnership’s (GWP) vision is

for a water-secure world, in which floods and
droughts are effectivelymanaged, and the necessary
quantity and quality of water is available for health,
economic development and the preservation of
ecosystems. Our mission is to support the
sustainable development andmanagement of water
resources at all levels. Following periods of
conceptualizing and advocating an integratedwater
resources management (IWRM) approach and of
establishing locally-owned regional and country
partnerships, we now are poised to take on new
challenges. Our new strategy seeks to support
countries to improve water resourcesmanagement,
putting IWRM into practice to help countries
towards growth and water security.

The publication of Integrated Water Resources
Management in Practice is therefore exceptionally
timely.The book contains important lessons thatwill
guide and inspireGWPand its partners in the years
to come. It emphasizes, for example, that pragmatic,
incremental approaches, which take into account
contextual realities, seem to have had the greatest
chance of working in practice. And it highlights the
fact that integrated water resources management is
not a prescription, but rather an approach that offers
a practical frameworkwithinwhich the problems of
different communities and countries can be
addressed. Integrated Water Resources Management in
Practice will therefore hopefully put to rest the
concerns of some that IWRM is an unrealistic and
impractical approach.
I amgrateful toGWP’sTechnicalCommittee for

its leadership in preparing this book. I am sure the
ideas, experiences and lessons in this book will
greatly contribute to advancing thinking and action
on water management. I strongly recommend it to
those interested in and concerned with the
management of water resources for sustainable
development and the reduction of poverty.

Letitia A. Obeng
Chair

Global Water Partnership
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Preface

This book is about the role of water in development.
It’s aboutwater andpeople and the diversity of areas
in which better water management can make a
difference to lives, livelihoods and the environment.
Our aim is to help readers understand, in practical
terms, the approachnowknownas ‘integratedwater
resources management’. We do so by telling the
stories of people and institutions around the world
whohave foundways to improvewatermanagement
in a variety of settings.
IntegratedWater ResourcesManagement in Practice is the

result of intensive effort, discussion and debate by
the Technical Committee (TEC) of the Global
Water Partnership over a four-year period,
beginning in 2004. The development of this book
benefited frommany thoughtful deliberations during
many TEC meetings that guided the conceptual
framework, the case study selections, and the lessons
learned. Participants in these discussions have
included our present and former TEC colleagues
Mohamed Ait-Kady, Akiça Bahri, Hartmut Brühl,
Jennifer Davis, Malin Falkenmark, Simi Kamal,
Uma Lele, Humberto Peña, Judith Rees, Peter
Rogers, Claudia Sadoff, Miguel Solanes, Eugene
Terry, Patricia Wouters, Albert Wright and Yang
Xiaoliu. Other members of the GWP community
who have actively participated in these discussions
over the years include Leanne Burney, Sarah
Carriger, Margaret Catley-Carlson, Elisa Colóm,
Mercy Dikito-Wachtmeister, Emilio Gabbrielli,
NighistyGhezae,GabrielaGrau, BjörnGuterstam,
Alan Hall,Torkil Jonch-Clausen, Wayne Joseph,
Axel Julie, Aly Kerdany, Henrik Larsen, Suresh
Prabhu, Michael Scoullos, Vadim Sokolov and

Simon Thuo. We are grateful for the contributions
of all these individuals, and especially the members
of the small task force that the TEC established in
2006 to oversee the preparationof this book and that
included, in addition to ourselves, Hartmut Bruhl,
SarahCarriger, SimiKamal and JudithRees.Weare
grateful to them all for their inspiration,
encouragement and hard work throughout the
process. While all members of the Committee
contributed actively to the book in a number of
different ways, we as editors take full responsibility
for any errors or omissions in the contents of this
book.
We are also especially grateful to our chapter

authors for joining us in the preparation of this
book, for sharing our enthusiasm, and for showing
much patience and goodwill as we commented on
and edited, sometimes extensively, the original
material. A few of the chapter authors were directly
involved in the cases described; these authors have
in the process had to subject themselves to some
rigorous criticism, which they have willingly
endured. The first and last chapters have been
written by us as co-editors. In all chapters,monetary
figures in different currencies have been converted
to US$ equivalents to make the numbers more
meaningful to readers in different parts of the
world, using the nominal exchange rate in effect
on 1 September 2008. We have provided short
biographies of each of the chapter authors in the
list of contributors.
Besides the individual chapter authors, wewould

like to thank specifically those who generously
donated their time to review and critique the case
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study chapters, including Jørn-Ole Andreasen,
Carl Bauer, Mariann Brun, Per Grønlund, Yang
Guowei, Kenzo Hiroki, Masaki Hirowaki, M.R.
Khurana, Andreas S. Kofoed, Klaus Kolind-
Hansen, Doug Merrey, Khalid Mohtadullah,
Francois Molle, Masahisa Nakamura, Madiodio
Niasse, Jerry Priscoli, Atiq Rahman, Djoko
Sasongko, Barbara Schreiner, Lars Schrøder,David
Seckler, RichardThomsen,ClausVangsgaard, Flip
Wester and Dong Zheren.
The book could not have been producedwithout

the help of Sarah Clarice Carriger, Science Writer
& Communications Consultant, who did much of
the initial case study research and edited the final
manuscript in both style and content. We are also
very grateful to ChristieWalkuski, who not only co-
authored one of the case study chapters but also
provided consistent writing, research and
coordination support throughout the process.
Others who played important writing and research
roles included Cheryl Antao, who prepared an
extensive literature review as well as some graphs
and figures; Leanne Burney, who undertook some
of the early case study research and proposal
development; Sarah Dobsevage, who prepared
some of the case study summaries in the initial
stages of the book’s development; Kristen Lewis,
who contributed to some of the early drafts of
Chapter 1; Harold Thompson, who checked all the
references in great detail and secured all copyright
permissions; andKyttMacManus at the Center for
International Earth Science Information Network
(CIESIN) of the Earth Institute at Columbia
University, who provided much-needed assistance
with the production of maps and graphics. The
project was also assisted by GWP’s vast network of
regional and country partnerships, who contributed
suggestions of cases and comments throughout the
production and writing process.

Many people in the Secretariat of the GWP in
Stockholm contributed to the overall effort. We
would especially like to thank James Lenahan, the
former head of Communications, who provided
much helpful publishing advice. Emilio Gabbrielli,
former Executive Secretary,MartinWalshe, Acting
Executive Secretary during the time the book was
completed, and Steven Downey, Director of
Communications, also provided much needed
support, advice and encouragement. We are also
grateful to Margaret Catley-Carlson, the former
GWP Chair, for her advice and guidance since
inception, and to Letitia A. Obeng, the current
Chair of GWP, for her strong support for the
endeavour and forwriting the foreword to this book.
We have also appreciated the excellent support
received from Tim Hardwick, Gina Mance,
Andrew Miller, Olivia Woodward, Alison Kuznets
and Claire Lamont of the staff of Earthscan, and
John Roost of 4word Ltd Page & Print Production.
Finally, we would like to extend a special thank

you to Ruth Levine of the Center for Global
Development and her colleague JessicaGottlieb, for
sharing with us the lessons they learned in the
preparation of Millions Saved: Proven Successes in Global
Health, which served as an inspiration for this book.
(Ruth Levine and theWhatWorksWorkingGroup,
Millions Saved: Proven Successes in Global Health.
Washington:Center forGlobalDevelopment, 2004,
180 pp. in paper cover, available at www.cdgev.org.)
Our greatest debt of gratitude goes to those

whose stories we tell: the doers and thinkers in
communities, local authorities, NGOs, private
entities, government agencies and regional or
international bodies who are bringing innovative
solutions and common sense to bear on water-
related problems, and who are lighting the way for
others to practise better water management. We
thank them all.

Roberto Lenton andMike Muller
September 2008
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1
Introduction

Roberto Lenton andMike Muller

Across the world, economies are expanding, cities
are spreading, many services are improving and an
increasing proportion of still growing populations
are enjoying better standards of living and quality
of life. In rural areas, more people are growing
enough food to sustain themselves as well as nearby
cities.

One thing that is not growing is the natural
resource base that underpins this economic and
social development, of which water is a critical
element. Contrary to the gloomy predictions of the
doomsayers, the world does not yet face a global
water crisis, nor does it need to. But if we do not
develop effective approaches to address the growing
stress on water resources, challenges could all too
easily become crises. And we certainly do have a
challenge if we are to achieve our economic and
social goals and ensure we still have a natural
resource endowment to bequeath to future
generations.

So themanagement of water has rightly come to
preoccupymany different sectors of many different
societies. There is growing recognition that unless
wemanage ourwater better, wewill not achieve our
broader development goals. This recognition is
accentuated by the looming impact of climate
change. It is widely understood that our energy use
is driving the changes that are increasingly being
observed around us. Less well understood is the fact
that higher global temperatures will impact most
immediately onwater resources, on both the supply

and demand side. They will make rainfall more
variable and more intense, while higher rates of
evaporation and associated impacts on vegetation
are likely to result in more extremes of river flows –
contributing to both floods and droughts. Climate
changewill also significantly affect the requirements
for water by different sectors, especially agriculture.

Water is a renewable resource so it will never ‘run
out’. But many societies take for granted the
relatively predictable availability of the water on
which their economies and environments depend.
They do so at their peril. Already, large river systems
in many parts of the world have been identified as
being in a state of serious water stress (see Figure
1.1), meaning that withdrawing more water from
these systems will result in irreversible damage to
ecosystems (Smakhtin et al, 2004). And, while it
cannot yet be scientifically confirmed, early
indications are that, as predicted, the size and
frequency of extreme events is increasing in
response to rising global temperatures.

Our main goal in writing this book is thus to
make the case for the better management of water
resources – both today and in an increasingly
uncertain tomorrow – to support growth and
development and avoid the potentially catastrophic
human, economic and environmental consequences
of continuing with a business-as-usual approach.

Specifically, wewant to help development policy-
makers and practitioners in different sectors to
understand the principles and practice of what is
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known internationally as ‘integratedwater resources
management’, IWRMfor short, so that they can use
it to address their water and development
challenges, particularly those intractable problems
that narrower approaches have failed to resolve.

To do this, rather than describing an abstract
theory, we have used case studies to illustrate the
approach. The diverse experiences that we have
documented present in practical terms what has
been done successfully in a variety of settings to
achieve a range of different goals.

The book thus demonstrates how better water
management, embodying some of the key
principles of IWRM, has made a positive
contribution in areas as diverse as agriculture,
transport, energy, industry, job creation and
environmental protection. But inevitably and
importantly, because we are dealing with real life,

the cases also highlight the limits to what has been
achieved to date.

In the remainder of this chapter we first describe
themanagement of water in the broader context of
sustainable development, introducing the reader to
the concept of water resources management and
describing the key features of the IWRMapproach.
We then outline the book’s conceptual framework,
providing a brief introduction to the cases studies
found in this book and the key elements of the
framework, and summarize some of the key lessons
that emerge from the cases.

Water and development

To begin, it is helpful to locate water resources
management in the broader development context

2 INTEGRATED WATER RESOURCES MANAGEMENT IN PRACTICE
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Note: The Water Stress Indicator is based on the proportion of available water withdrawn from a river system after
environmental needs have been met. Basins with a water stress indicator above 0.4 are experiencing some degree of
environmental stress.
Source: Smakhtin et al, 2004

Figure 1.1 Water stress in major river basins
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because the objective is not water management for
its own sake but water management to support
sustainable human development.

Water’s influence on development has been
recognized for centuries. In the 1770s, when Adam
Smith (1776) sought to understand why some
countries made economic progress while others
stagnated, he concluded in his seminal Wealth of
Nations that water was a key factor. Although his
focus was on the economic advantage offered by
easy navigation, it is notable that he describes the
successes of regions that are still today amongst the
great bread-baskets of the world, due largely to the
availability of water and fertile riverine soils.

Another commentary about the influence of
sound water management on social progress comes
from Napoleon Bonaparte who, while in Egypt,
commented that ‘under a good administration the
Nile gains on the desert; under a bad one the desert
gains on the Nile’ (cited in Moorehead, 1962: 48).
And water management interventions have
continued to reflect anddefine broader development
initiatives at local, regional and national level, and
sometimes beyond national borders.

But it is not so much annual water availability
that has the greatest impact on the economic
development of nations, but water variability – the
variation of available water resources in space and
time (Brown and Lall, 2006). In other words, it is a
country’s ability to manage water, more than the
plentifulness of its water resources, that impacts
economic development.

In addition to serving as a brake on economic
growth, the variability of the water cycle, in
particular droughts and floods, imposes huge costs
on vulnerable people and national economies. A
well-known recent example is the floods caused by
Hurricane Katrina. The fallout from this natural
disaster – which was exacerbated, it is generally
agreed, by poor water management – landed the
hardest on the poorest populations.However, while
for a rich country like the USA, the impact of such
a disaster on the overall economy is minimal (some
authorities even reported a positive impact onGDP:
Standard and Poors, 2005), for poor countries,
droughts and floods often have devastating impacts
on national economies. For example, the cost of the
1997/1998 floods inKenya represented 11 per cent
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Table 1.1 Kenya: the economic impact of flood and drought

1997–1998 El Niño Flood Impacts US$ millions % of total cost

Transport infrastructure $777 88%
Water supply infrastructure $45 5%
Health sector impacts $56 6%
Total economic flood impacts $878

Flood impacts as % of GDP 1997–98 – 11%

1998–2000 La Niña Drought Impacts US$ millions % of total cost

Hydropower losses $640 26%
Industrial production losses $1,400 58%
Agricultural production losses $240 10%
Livestock losses $137 6%
Total economic drought impacts $2,417

Drought impacts as % of GDP 1998–2000 – 16%

Source: World Bank, 2004
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of the country’s GDP, and the costs associated with
drought in 1999–2000 were even higher (see Table
1.1). If current climate change predictions are
correct, many countries can expect an increasing
number of such economic hits in the future.

Given the linkages between water management
and broader development, it is not surprising that
the challenge of managing water in complex
societies mirrors many other management
challenges and that there are often close parallels
in approaches to governance and public
administration. Early stages in the growth and
development of great civilizations have typically
been marked by the expansion of infrastructure,
whether it has been the roads and aqueducts of
Rome or the great wall and major water works of
China. Similarly, the management of water has
often been characterized by the development of
infrastructure for flood protection, water storage
and transport.

But as our societies and the economies that
support them grow more complex, so too do the
governance instruments we need to manage them,
the institutions that allocate resources among
different users and settle disputes, the financial
mechanisms through which the necessary
infrastructure and its ongoing management are
funded. This has happened in water as it has
happened in other sectors.

Advances in public administration have
sometimes been led by developments in the water
sector. It was the need to heal a septic river Thames
that led to the establishment of local government
institutions in London, just as the need for
cooperativemanagement of flooding and drainage
in the Netherlands saw some of the earliest local
administrations emerge on theEuropean continent.

Particularly as the interdependency between
water uses and users has grown, so too has the need
to move beyond formal, hierarchical structures of
management to institutions which engage and
involve users and others affected by the resource.
The current trend in decentralization is driven
in part by the simple administrative logic of

subsidiarity – decentralizing activities which can
best be performed at lower levels without central
control. But it also reflects the understanding that,
inmatters of common concern, the appropriate and
effective engagement of interested parties in key
decisions can improve the quality of those decisions
– as well as compliance with them.

The broader culture of democratic participation
is mirrored in best practices in water management,
whether at the level of a single village and streamor
at a continental scale where the management of
great rivers that traverse many countries can only
be effective if all parties are drawn together to
cooperate. And in water, as in other fields of
endeavour, the challenge is to promotemechanisms
of participation that lead to optimal outcomes
rather than delaying adaptive responses until crises
emerge that impose short-term, often inappropriate,
responses.

Indeed, one of the challenges of promoting
better water management is to do so in a manner
which is compatible with broader approaches to
governance and public management. This generic
problem is often neglected when enthusiastic
proponents of newdevelopment approaches seek to
transport them from jurisdictions in Europe and
North America to societies with very different
systems and philosophies of government (Matas,
2001).

But all societies grapple with the challenges of
managing large, complex and interconnected
systems. This is exemplified by current approaches
to sustainable development: the attempt to manage
our resources in a manner that ensures tomorrow’s
generations can draw the same benefit from them
as we do. The management of water resources is
amongst the most challenging dimensions of
sustainable development. It is these challenges that
the approaches being implemented under the
banner of ‘integratedwater resourcesmanagement’
address, explicitly placing environmental
sustainability as one of the three key objectives of
water management, along with social equity and
economic efficiency.

4 INTEGRATED WATER RESOURCES MANAGEMENT IN PRACTICE
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Whatdowemeanbywater resources
management?

The development of infrastructure, the allocation
of the resource, the implementation of incentives
for its efficient use, its protection, as well as the
financing of all these activities: these are among the
activities that collectively constitute water resources
management.

While the management of water use – whether
for domestic, agricultural or industrial purposes – is
usually well understood, the management of the
resource to enable the use to take place is not.

This incomplete understanding is often because
the first interventions in water resources
management are driven by individual users who
abstract and store water for their particular
purposes. But the interconnected nature of the
water cyclemeans that individual actions often have
impacts – both positive and negative – for other
users.

Asmentioned above, infrastructural aspects such
as changing the course of rivers to support transport
and provide flood protection and the construction
of dams to store water are the most visible kind of
water management. The visible interventions have
sometimes led to an association of water resource
management with the construction of large
infrastructure, but this is misleading.

Just as important are those ‘soft management’
measures which serve to regulate the use of the
resource and potential conflict between users.
Where water is scarce, some mechanism has to be
found to share it between users in a predictable
fashion. Inmany societies, in Sri Lanka for example,
rules governing this have emerged over many
centuries of practice; in others it is codified by law
or, where water flows between sovereign states, by
international treaties.

Increasingly important are other obligations,
such as the need to protect water from pollution so
that others can use it. Regulation of water quality is
often far more difficult to manage than the
regulation of water quantity since it requires

technical capacity to monitor as well as to enforce.
In some jurisdictions – France is an immediate
example – bringing water users and polluters
together to discuss how best to maintain acceptable
water quality has helped to ensure that the
interventions made are cost effective since they are
funded, in part, by those who caused the problems.

The question of who pays for what and how
water management activities are to be funded is an
important one. Historically, they have been funded
out of the public purse since many of the benefits
(whether theywere security from floods or reliability
of harvests) are public goods rather than immediate
benefits to easily identifiable individuals. More
recently it has been found that, in water as in other
areas of environmental management, the
imposition of environmental charges on sectors
which use rivers and lakes as a sink in which to
dispose of their wastes can not only raise revenue
but, as important, provide economic incentives to
manage wastes in a manner that has less impact on
the natural environment and other users and to use
water more efficiently, particularly where the
intensity of resource use is increasing.

Clearly, therefore, water resources management
encompasses a wide range of activities, from the
development of infrastructure and the allocation of
the water resource to financing arrangements and
the implementation of incentives for the efficient
use and protection of water.

Integratedwater resourcesmanagement as an
element of sustainable development

The history of water management is one of
emerging challenges as the number of uses and
users has grown and the intensity of their water use,
often measured in terms of the proportion of
available water that is actually used, has increased.

Whilewaterwas plentiful and abstractors few, the
rules for water sharing in most societies were very
basic. Often, as in many parts of the USA, they
simply conferred the right to take water on the first
person to do so, creating a hierarchy of property
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rights that became ever more difficult to monitor,
record and administer. In more arid parts, the
situation was increasingly reached where all the
water in a region had been allocated (whether
formally or informally), leading to the definition of
some river basins as ‘closed’ (in other words, closed
systems with no outflow to the sea or other water
bodies, andwhere additional water needs could not
be met without reallocating water from other users
or by improving water use efficiency – activities
which require more complex institutions with
mechanisms for negotiation and conflict resolution).

Where single-purpose infrastructure was
developed to serve, for instance, the farmers of a
particular region, as in many parts of the Indian
subcontinent, it was sufficient to establish an
agricultural administration that could control
irrigation water use along with other aspects of the
schemes. But asmore schemeswere built, and other
water uses and users emerged, it became
increasingly difficult to enable continued use
without coordination and engagement among
different users.

Even where the needs of individual users could
be sustained, this was often at the cost of the natural
environment – and of communities who depended
on the environment for their livelihoods, whether
through fisheries or other products. As a result,
the administrations formerly responsible for
development and operation of ‘hard’water resource
infrastructure had to pay greater attention to the
‘soft’ management and protection of the resource.

It is pressures such as these that have led to the
emergence of the concept of integrated water
resources management, which in many cases
reflected goodpractice rather than any startling new
innovations.While this concept has its roots in these
good practices and in the analytical work of the
Harvard Water Program and others in the 1960s
(see Chapter 14), formally the concept emerged as
part of a package of approaches designed to achieve
sustainable development that was adopted by the
1992 United Nations Conference on Environment
and Development (UNCED), following the

publication of theBrundtlandCommission’s report,
‘Our Common Future’ (World Commission on
Environment and Development, 1987).

The integrated approach to water resources
management arose, in part, to help address
challenges that traditional approaches to
management could not cope with. However, to
address these challenges, it was necessary to be clear
about the criteria that would guide such water
resource management efforts.

Individual user sectors often had clear criteria –
drinking water supplies must be safe and water
supplies for large industries (and formajor transport
routes) must be reliable. But where the resource is
managed to the benefit of a number of different
sectors, which criteria should apply? Which should
get priority?

The response has been to recognize that there are
multiple criteria that need to be used to guide the
management of water for different uses.Within this,
an important advance was the recognition that the
maintenance of the water environment could be
considered as a use, in itself, particularly where
specific economic (e.g. livelihood) and social (e.g.
recreation) services were derived from it.

This recognition did not come about in isolation.
Driven by environmentalist concerns from the
1970s onwards (as evidenced by the World
Conservation Union’s (IUCN) 1980 ‘World
Conservation Strategy’ and the Brundtland
Commission’s 1987 ‘Our Common Future’),
systematic attempts had already begun to address
the need to understand development within an
environmental framework, an approach that was
finally formalized internationally by the 1992Earth
Summit (UNCED) in Rio de Janeiro. There, the
general approach to what became known as
‘sustainable development’ encapsulated the same
balancing act among environmental, social and
economic priorities that is embodied in the concept
of IWRM.

The IWRM approach was initially most
comprehensively articulated in the chapter on
freshwater resources in Agenda 21 of the Earth
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Summit (see Box 1.1), which was informed by what
became known as the Dublin Principles – a set of
four basic principles produced at a Summit
preparatory meeting in that city in 1992. IWRM
can thus usefully be considered as thewater element
of the broader sustainable development approach.

Agenda 21 explicitly promotes the use of the
resource base inways that best support social equity,
economic development and environmental
sustainability objectives. The IWRM approach
reflects this concern in that it seeks to achieve an
optimum balance among the ‘three Es’: efficiency,
equity and environment. IWRM provides a way of
operationalizing this part of Agenda 21, offering a
problem-solving approach to address key water-

related development challenges in ways that
balance:

• economic efficiency – to make scarce water
resources go as far as possible and to allocate
water strategically to different economic sectors
and uses;

• social equity – to ensure equitable access to
water, and to the benefits from water use,
betweenwomen andmen, rich people and poor,
across different social and economic groups both
within and across countries, which involves
issues of entitlement, access and control;

• environmental sustainability – to protect the
water resources base and related aquatic
ecosystems, and more broadly to help address
global environmental issues such as climate
change mitigation and adaptation, sustainable
energy and sustainable food security.

To achieve this balance, it is useful to view the
IWRMapproach as the operationalization of what
are often termed ‘IWRM principles’. Our view is
that these principles can be expressed very simply
as the recognition that water is a public
goodwith both social and economic values, and that
good water resources management requires both
a broad holistic perspective and the appropriate
involvement of users at different levels.1

The meaning of integration
Although the Earth Summit emphasized the
importance of getting water managers to take a
more holistic approach to the resource and of
bringing actors from different sectors into water
decision-making processes, there was more to
integration than encouraging users towork together.
Once it was recognized that water needed to be
managed as a contribution to broad economic and
social development, it became clear that its planning
and management had to reflect broader national
priorities.

Critically, at a physical level, there was also
recognition that the hydrological cycle is a unitary
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Box 1.1 Agenda 21 provision for the
application of integrated approaches to the
development, management and use of water
resources

The widespread scarcity, gradual destruction and
aggravatedpollutionof freshwater resources inmany
world regions, along with the progressive
encroachment of incompatible activities, demand
integrated water resources planning and
management. Such integration must cover all types
of interrelated freshwater bodies, including both
surface water and groundwater, and duly consider
water quantity andquality aspects.Themultisectoral
natureof water resources development in the context
of socioeconomic development must be recognized,
as well as the multi-interest utilization of water
resources forwater supply and sanitation, agriculture,
industry, urban development, hydropower
generation, inland fisheries, transportation,
recreation, lowand flatlandsmanagement andother
activities. Rational water utilization schemes for the
development of surface and underwater supply
sources and other potential sources have to be
supported by concurrent waste conservation and
wastage minimization measures.

Source: Chapter 18, Agenda 21
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one and that the apparently separate bodies of
water flowing in rivers and underground, falling to
the earth as rain, accumulating in lakes and aquifers,
and being evaporated from the earth’s surface, are
all interconnected. Thus, the way that land is
managed has an impact onwater resources and vice
versa. Further, since the ability of thewater resource
to absorb the wastes that are dumped into it while
continuing to sustain the ecosystems it supports
depends to a large extent on how much is available;
the quantity of water could not be managed in
isolation from the quality of water.

But the meaning of the term integration was
recognized as going significantly beyond integration
within natural systems. It meant bridging such
natural systems with the human systems that
determine the demand side of the equation and
development priorities. Itmeant bridging thewater
sector and other sectors of the economy. And,
perhaps most importantly, it meant ‘vertical’
bridging across spatial scales and levels of decision-
making – from local, provincial and national to
water basin and transnational, with actions at one
level seeking to reinforce and complement action at
other levels.

The concept and challenges of integration are
not limited to water. And integration is not an end
in itself.Whilemany sectors and areas of activity are
related to others, it is seldom possible to manage
them all as a single unit. Many different specialist
institutions and organizations have been designed
to cope with the demands of coordinating
specialization. Ensuring effective coordination
between specialized activities and institutions is a
core element of the art of management, whether in
public administration or large businesses.

Thus, the concept of integration does not entail
trying to connect and manage everything together
with everything else – a situation which would
rapidly becomeunworkable.Nor does an integrated
approach imply that sectoral decision-making
needs to be abandoned entirely; on the contrary,
achieving results usually requires some degree of
targeting and focus. Trying to establish formal

management relations between too many variables
risks getting mired in complexity at the expense of
effectiveness.

In this context, the key words in IWRM remain
‘water resources management’. ‘Integration’ is
simply the shorthand chosen to describe the kind of
management that the approach entails – an
approach that could just as accurately be described
as ‘holistic’ or ‘systemic’.

Complexity and diversity: blueprints, best practices and
the key features of IWRM
With this background, it should be clear that there
can be no uniform, blueprint approach to water
resourcesmanagement.Development priorities and
social and economic challenges differ from country
to country, as do water resource endowments and
levels of infrastructure, the opportunities to make
changes, and the institutions of law, custom and
practice. Even within countries there are often
significant regional differences that shape water
resource challenges and possible solutions.

Thus, while the overall approach may be
common, in its application it can take many forms,
and each community, basin and country needs to
determine the approach most suited to its own
particular context. The best path will look very
different in different countries, and in different
regions, basins and communities within a country.
As an example, in their response to the
Johannesburg Summit’s call for all countries to
prepare IWRM and Water Efficiency Plans, some
countries have prepared formal IWRM plans and
policies, others decided that their existing water
resources management policies and practices were
adequate, albeit not codified in a formal plan
(United Nations Economic and Social Council,
2008).

But while there can be no blueprint, experience
has shown that effective strategies for better water
resources management consistently include some
common features. Good practices almost certainly
involve, to one extent or another, the following
elements:2
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1 sound investments in infrastructure – to store,
abstract, convey, control, conserve and protect
surface and ground water;

2 a strong enabling environment – setting goals for
water use, protection and conservation;
improving the legislative framework; enhancing
financing and incentive structures; and
allocating financial resources to meet water
needs;

3 clear, robust and comprehensive institutional
roles – laying out institutional forms and
functions, building institutional capacity,
developing human resources, establishing
transparent processes for decision-making and
for informed stakeholder participation;

4 effective use of available management and
technical instruments – for such purposes as
water resources assessment, water resource
management planning, demand management
and social change, conflict resolution, allocation
and water use limits, using value and prices for
efficiency and equity, informationmanagement
and exchange.

It is this basic package whose effectiveness is
illustrated, in oneway or another, by the case studies
in this book.

Our conceptual framework

The book takes a case study approach. Collectively,
the cases illustrate the many different contexts in
which IWRM principles have been applied, the
different approaches that have emerged, and the
results that have been achieved. Because the
objective of the IWRM approach is not water
management as such but human development, the
examples focus as much on the development
challenges as on the water challenges themselves.
The cases not only deal with cross-sectoral
development issues but also address major ‘single
sector’ challenges, such as enhancing food security
through irrigated agriculture.

Importantly, none of the cases described in this
bookwas conceived as ‘an IWRMproject’ and none
had an integrated approach as its principal
objective; rather, the integrated approach became
necessary to address the specific development
problem in the case at hand. Indeed, we have
explicitly included several cases that had their
origins well before the concept of IWRM was
formally adopted by the 1992 UNCED in order to
reinforce the fact that the emergence of the IWRM
concept reflected prevailing good practice rather
than a radical new direction.

The cases

The cases demonstrate IWRMat a variety of scales,
from small initiatives such as the village-level
Sukhomajri case in India, to large transboundary
ones such as theMekongCommission,which covers
four countries and seeks to promote collaborative
management of a river that nurtures a huge portion
of southeast Asia. The examples have also been
deliberately selected to illustrate how the problems
and possible responses change at different levels of
economic and social development. And the cases
highlight the importance of addressing all three
aspects of the IWRM approach – social,
environmental and economic.

Critically, and almost by definition, an IWRM
approach can only work if it does not focus
exclusively on water. So massive water resource
management initiatives in China, such as the
development of the Yangtze, which includes
the construction of the controversial Three
Gorges Dam, need to be seen in the context
of the social and economic challenges faced by
society.

The cases from South Africa and Chile show
societies where major social transformations have
opened new and unexpected opportunities to allow
water management to support the achievement of
broader social and economic goals. In both cases,
political upheavals created the opportunity to put in
place new water management frameworks that are
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better able to cope with the challenges which the
countries face.

In many of the cases it is social transformation
and development that are driving the need to
manage water better. Thus, in Mali, the challenge
faced is to ensure that water management supports
the ambitious goals of national development. In
Bangladesh, the challenge was to turn an
overabundance of water from a development
constraint into a development opportunity.
This case also shows that development and
environmental goals need not be in opposition – it
is possible to improve the incomes of poor rural
communities while sustaining delicate coastal
wetlands.

Several of the cases from industrialized countries
demonstrate the high cost and difficulty of undoing
previous damage to the environment. Rich
countries such as Japan have had to find ways to
maintain their economies even as they begin to
enforce environmental protection measures to
address the impact of decades of industrialization
on inland lakes. The Japanese case also shows how,
as societies grow and develop, their priorities often
change and approaches that met their needs in the
pastmay not be acceptable in the future.The debate
amongst the communities along the Snake river
in northwest USA, where proposals have been
made to remove dams and other water
infrastructure and return the river to nature, is a
further illustration of this process. All these
examples highlight that an IWRM approach is not
a recipe or a one-off formula. As a community or
country changes, so too will its water management
challenges and responses.

It is critical to recognize this natural evolution
and to ensure that the institutions, the ‘hard’ formal
organizations and water management structures,
the ‘soft’ institutions of law, customand practice are
designed so that they facilitate change in their
societies rather than create impediments to it, as has
too often happened in the past. These questions are
explored in the case on the establishment of aRiver
Basin Council for the Lerma–Chapala River Basin

inMexico,where the different interests of 15million
people, their local governments, industries and
agriculture had to be reconciled.

If it is already a challenge to build institutions at
the level of one national river basin to help the
parties who share its water to work together
constructively, how much bigger is the challenge at
the level of rivers that are shared between many
different countries? The case study from South
Africa, which shares many of its rivers with its
neighbours, and that concerning the Mekong in
Asia, look at the progress, often painfully slow, that
has beenmade tomove froma situationwhere there
has been conflict to one where historic antagonists
are now working together for mutual benefit, with
water often a catalyst for cooperation.

The elements of our conceptual framework

Our conceptual framework includes five elements:
the varying levels and scales of the problem and
response, the development context, the changes in
policies and practices embodied in the response, the
development outcomes of these changes, and the
learning that ensues. We discuss each of these five
elements below.

Scale
We have chosen to use scale as an organizing
principle for the case studies in this book.Needs and
opportunities arise atmany different levels or scales,
from isolated rural communities for whom better
watermanagement can provide electricity as well as
irrigation opportunities, to whole countries whose
social and economic prospects can be transformed
and where cooperation between nations over water
management can unlock win–win opportunities
that reduce tension, enhance security and promote
broad economic well-being.

Development and natural resourcemanagement
processes also occur at different scales – from local,
provincial and national to water-basin and
transnational scales. Stressesmanifest themselves in
different ways at different levels and may be
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addressed bottom-up or top-downdepending on the
nature of the problemand the development context.
But as demonstrated by many of the selected cases,
action at one scale must reinforce and complement
action at other scales. Action at the national scale,
for example, can and should provide the strategic
framework for actions at local levels.

Given the central importance of scale, the cases
in this book have been ordered on the basis of their
scale, from local to transnational. This is also
intended to make the book easier to use. Those
interested in community-based interventions or
local government will probably find the cases at the
local scale more applicable to their work, while
policy-makers and international development
organizations may find the regional, national and
international cases more relevant.

Development context
As emphasized earlier, development priorities and
water resource challenges and practices differ
considerably from country to country, and within
countries. The particular changes needed to achieve
an optimum balance among economic efficiency,
social equity and environmental sustainability
depend fundamentally upon these contextual
factors. Thus, the actions taken to improve water
management and the sequence of those actionswill
vary dramatically fromone place to another andwill
change over time.

Given the importance of context, cases have
been selected to depict a range of different social
and economic challenges. The cases also take place
in countries with differing levels of water resource
endowments and levels of infrastructure, and with
traditions of governance that range from strong
centralism to extreme federalism. Many cases
describe geographic locations within countries,
whose distinct regional characteristics shaped the
water management challenge and outcomes.

Policy and practice change
All efforts to improve water management involve
changes in policies and practices. To minimize

external costs, achieve economies of scale and
scope, reduce cross-sectoral competition and
improve developmental outcomes,more integrative
and people-centred approaches are becoming
imperative. And meeting future development and
environmental sustainability challenges, especially
in the face of long-term climate change, will require
further changes in theway inwhichwater resources
and water services are managed.

Experience to date, however, suggests that
deliberate change (as opposed to passive processes
of evolution) is inherently difficult to achieve.Many
constraints stand in the way, and formidable forces
frequently gather to maintain the status quo even
when there is increasing pressure from a changing
natural and economic environment. A prescription
for change cannot simply be transferred or imposed
by fiat. Change will only be successful if it:

• arises in response to a recognized problem or
crisis, such as the need to accelerate provision of
adequate and cost-effective water supply and
sanitation services, or to reduce the frequency
and impacts of floods and droughts;

• is socially, economically and technically
appropriate to the particular context; and

• is grounded in existing institutions – tailored to
current capacities and stage of development,
and with attention to potential losers in the
change process. Trade-offs must be taken into
account in any process of change.While existing
vested interests need not always dominate, it is
usually helpful if all stakeholders perceive that
the benefits of change outweigh the potential
short-term losses.

The cases in the book describe and discuss the
changes in policies and practices (in laws,
organizational structures, and so on) that were an
inherent part of the approach – for example, what
was undertaken and how, the instruments used, the
way in which efficiency, equity and sustainability
considerations were addressed.
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Development outcomes
Through the cases in the book,we show that applied
appropriately an integrated approach does produce
tangible and positive development outcomes.
However, because of the many factors involved
assessing outcomes and impacts in the context of
water and development is complicated. In addition,
as the cases have shown, returns from investments
in water frequently come back not as income to the
originating entity, such as awater utility, but aswide-
ranging and often long-term benefits spread across
different segments of the economy, making
measurement more difficult. Just as it is more
difficult to evaluate the impact of a generally healthy
lifestyle than a specific treatment on an individual’s
health, so it is more difficult to evaluate the impact
of a broad approach than a specific project on a
country’s development performance.

Because of these difficulties, previous IWRM
case studies have tended to focus on processes –
changes in policies, laws, organizational structures
– with little attention to ultimate outcome and
impact. While many studies have shown that good
water management has positive benefit/cost ratios,
and rigorous analyses across many disciplines have
demonstrated the benefits of multi-scale, multi-
sectoral andmulti-objective decision-making that is
relatively more long-term in its planning horizon,
there is little literature to which one can direct
decision-makerswho are interested in knowingwhat
returns they can expect if they adopt the kind of
integrated approaches to water and development
outlined in this book.

Despite these challenges, we have tried to ensure
that the cases in this book demonstrate some
tangible impact on economic growth, social equity
and/or environmental sustainability – going beyond
the traditional focus on process-related changes to
show concrete impacts.

Learning
The aim of this book is to learn about IWRM, and
about water and developmentmore generally, from
thosewho have already ‘done it’.One of the criteria

for selection was the extent to which the case
provides useful experience and lessons for other
countries, communities and situations. We have
tried to highlight the lessons in each case that would
be useful in a wider context.

It is widely recognized that practical experience
is the best teacher; a great deal of learning is about
learning from our mistakes. As important, we
believe, is learning from our successes and one
feature of the IWRM approach described in this
book is that it promotes processes of collaborative
work through which people from different sectors
can together seek solutions to their water challenges
– and thus ‘learn by doing’. We hope this book will
also offer such people – both policy-makers and
practitioners – an opportunity to learn from the
mistakes of others rather than repeating them
endlessly themselves.

Extracting the lessons

There are great challenges in deriving overall
conclusions about what works and what doesn’t
from the diverse cases that we have presented,
emerging as they do fromvaried socioeconomic and
environmental conditions with outcomes that are
variable and measurements that are not necessarily
consistent; in other words, from cases that have no
controls to help isolate the factors that contributed
to success or failure. Nonetheless, we believe there
is enough information to provide a valuable start.
We have therefore distilled from the case studies a
set of keymessages, which are drawn together in the
concluding chapter but can be summarized briefly
as follows:

Theobjectives andoutcomes of goodwater
management

The appropriate balance among social, economic
and environmental objectives is largely determined
by a country’s values and national development
priorities – these priorities change over time,
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requiring water management structures that can
adapt. Better water management not only impacts
the water sector, but can also further economic
growth, poverty reduction and environmental
sustainability. However, ‘optimizing’ economic
growth, social equity and environmental
sustainability implies that therewill be compromises
and tradeoffs. While this is most often true, it does
not follow that there is always a contradiction
between the protection of the environment and
promotion of economic and social development. As
many of the cases in this book demonstrate, win–
win situations are possible.

What constitutes goodgovernance andwater
resourcesmanagement

Managing water effectively requires the sustained
collective effort and engagement of people in all
sectors of society if it is to be successful in achieving
the society’s goals. It needs robust, competent and
trusted institutions as well as economically, socially
and environmentally sound investments in
infrastructure. Pragmatic, sensibly sequenced
institutional approaches, which respond to
contextual realities, have the greatest chance of
working in practice; but policy reforms and their
implementation will only succeed if underpinned
by a sound technical foundation.

Howthemanagement ofwater differs at different
scales

Water resources planning andmanagementmust be
linked to a country’s overall sustainable development
strategy and public administration framework.
Better management of water at local level often
needs the support of a sound policy framework at
regional and national levels. In large river basins,
effective governance from local to basin levels is a
major challenge, requiring functions to be placed at
appropriate levels; butwhile a river basin perspective
is vital, itmust oftenbe supplementedbyoverarching
national policies if water management is to be

effective. Transnational governance is a special case
requiring specific approaches.

Thenature of the IWRMapproach itself

IWRM is an approach rather than a method or a
prescription, and there is no ‘magic bullet’ for all
situations. Successful IWRM efforts adopt an
integrated approach in order to address specific
development problems; they never have an
integrated approach as their principal objective.
And finally, the process of water management does
not have an end point and will continually have to
respond to new challenges and opportunities.

In learning lessons from the case studies – each
in its own right, but against a backdrop of common
patterns and themes – we are helped by the natural
cycle of water. Through the repeated cycles of the
seasons, we have to respond to the challenges of
water which are presented, slightly differently, each
year. Sowater can be a natural teacher for thosewho
are willing to learn.

Notes

1. This summary draws in part on Global Water
Partnership,Conditions forAccreditation forRegional
andCountryWater Partnerships, 2007.While the first
two principles are based on those in the Dublin
Statement on Water and Sustainable Development,
1992, the third one is formulated to reflect thewording
of Chapter 18 of Agenda 21.

2. These elements of good practices have been drawn in
part from Global Water Partnership Technical
AdvisoryCommittee, 2000;GlobalWater Partnership,
2003; and Lenton, Wright and Lewis, 2005.
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Part One– Local Level
Water management is often a local affair, whether it involves a few farmers working together to bring
water from a stream to their fields or a village’s citizens seeking a safe and reliable source for their public
water and a way to dispose of their wastes.

The practices that are established at this level can build a foundation for wider cooperation in the future.
However, they can also sow the seeds of future conflict or, at the very least, environmental damage.

The examples selected here illustrate how local cooperation and management can grow into something
bigger. Three of them focus on agriculture, which is by far the largest water user in most countries. The
cases of Sukhomajri in India and the Office du Niger in Mali show how farming livelihoods can be
improved through better water management. On the other hand, both the Sukhomajri case and that of
Aalborg in Demark show that the way farmers manage their water can have significant impacts on water
users in other sectors. In both cases, urban residents could not obtain adequate water supplies without
engaging with the production methods of the farmers in their areas.

But the impacts of water management go well beyond agriculture and drinking water. The case from
Bangladesh shows how the livelihoods of fishermen improved as a result of some strategic management
innovations. There, livelihood benefits were accompanied by clear environmental gains. Another such
‘win–win’ occurred in the Australian Angas Bremer case. But such solutions cannot always be found;
sometimes there have to be difficult tradeoffs between different objectives, as in the case of the Snake
River in the USA where water use for power generation and transport conflict with environmental
conservation efforts.

These local cases also illustrate the point that water challenges are often best resolved through action in
other sectors, as occurred in Mali where improved water-use efficiency was achieved by addressing the
institutional arrangements for agriculture in the Office du Niger irrigation scheme. And, as the Angas
Bremer case shows, local problems can sometimes only be solved with support from the wider
community.

Finally, these local cases show clearly the links between different levels of action. Several of the local-level
cases, in particular Sukhomajri and Office du Niger, have had significant national implications. And most
highlight the need for actions at the local level to be supported by actions at other levels, and especially by
a supportive policy framework at regional and national levels.
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2
AWatershed inWatershedManagement: The
Sukhomajri Experience

Roberto Lenton and ChristieWalkuski

Watershed management has been defined as ‘the integrated use of land, vegetation and water in a geographically discrete drainage
area for the benefit of its residents, with the objective of protecting or conserving the hydrologic services which the watershed
provides and of reducing or avoiding negative downstream or groundwater impacts’ (World Bank, 2007). It has played a
prominent role in rural development efforts in many countries in the last several decades, helping to increase rural incomes, augment
usable water resources, improve productivity and mitigate droughts. Watershed management programmes have been driven both
by the desire to protect downstream water facilities as well as to support livelihood generation and environmental conservation
in the watershed itself.
A high degree of interconnectivity is a crucial feature of watershed management. Upstream/downstream and rural/urban

linkages in particular are often critical, particularly in areas of rapid urbanization and where land and water resources are
increasingly stressed. Poverty, land degradation and erosion in upstream areas can lead to downstream floods, poor water quality
and sedimentation. Water is the central link and the starting point. Addressing the needs of the communities who live in the
watershed and ensuring shared benefits is therefore the key to successful watershed management. A focus on the watershed level
helps to develop solutions that will preserve and protect natural resources, improve soil quality and water supply for agriculture
and human needs, and increase economic and social opportunities.
While watershed management arose independently of the concept of integrated water resources management, its focus on the

coordinated development and management of water, land and related resources in a watershed – and its ultimate aim to conserve
natural resources as well as improve livelihoods and reduce poverty in an equitable way – mirrors both the means and the ends
of an IWRM approach. The extensive experience with watershed management programmes over the last several decades thus
provides an outstanding opportunity to examine firsthand the results of an integrated approach that has been applied widely in
different contexts.
The Sukhomajri programme in northwest India is an example of watershed management that has yielded strong and sustained

development impacts for close to three decades. The experience has been extensively documented and analysed, both in its initial
stages (Franda, 1981; Seckler, 1986) and over time (Agarwal and Narain, 1999; Kerr, 2002; Narain and Agarwal, 2002;
Khurana, 2005). In addition, the Centre for Science and the Environment (CSE) in New Delhi has kept a watching brief on
the experience since 1994, as reported in CSE (1994), CSE (1998), CSE (2002) and CSE (2007).
The programme’s 30-year history is long enough to permit a serious analysis of sustainability considerations in the light of

the ‘second-generation’ challenges that typically arise over the long haul.
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The development context

As with many early watershed management
programmes, the Sukhomajri programmebegan as
a result of the connections between a major urban
centre, Chandigarh, and a rural upstream village,
Sukhomajri. Floods, poor water quality and
sedimentation downstream in Chandigarh were
found to be linked to poverty, land degradation and
erosion in Sukhomajri, and it was these linkages that
gave rise to the programme in the 1970s.

Chandigarh, which is the capital of two states –
Punjab and Haryana – in northwest India, is a
modern city with a high per capita income and
standard of living. Planned by the famous architect
and urban planner Le Corbusier during the early
years of Indian independence, Chandigarh was
viewed as a model ‘beautiful city’ and enjoyed a
greater level of investment and development than
its neighbouring villages. In 1958 the city created its
own Sukhna Lake by damming the local Sukhna
Choe, to serve as water supply and as a recreation
area.

The village of Sukhomajri is located
approximately 15 kilometres northeast of
Chandigarh, at the headwaters of SukhnaLake, on
the edge of the Shivalikmountain range in the state
of Haryana (see Figure 2.1). The climate in the
region is semi-arid with low rainfall, most of which
occurs in the monsoon months of June through
September (Franda, 1981; Agarwal and Narain,
1997). Like many villages and towns in the sub-
Himalayan foothills, Sukhomajri inherited the
problems caused by over a century of heavy logging
in the area and the overgrazing of cattle, sheep and
goats in open forest lands. Before the start of the
Sukhomajri programme, the peoplewere very poor
and survived primarily by raising rainfed crops and
keeping goats, which were able to forage in the
denuded hills. Water supply came from a rainfed
pond and a nearby spring, but there was no
irrigation water for the fields (Seckler, 1986).

Sukhomajri was caught in a cycle of poverty and
environmental degradation. Population growth and

limited livelihood opportunities contributed to
overgrazing and deforestation and thus more
erosion. Where once there had been lush, forested
slopes, gullies and clay banks became increasingly
prominent. Rugged terrain and sandy soils
exacerbated runoff and erosion. At one end of the
village several acres of good cropland disappeared
into a gorge. Farmable land was decreasing.
Seasonal rains continued to wash sediment down
towards the plain below the hills and into Sukhna
Lake in Chandigarh (Agarwal and Narain, 1999;
Kumar, 2003).

At the start of the Sukhomajri programme the
village consisted of 59 families (approximately 450
people), all of the same Gujar caste. Most lived in
mud and thatch houses and owned less than one
hectare of land. The village land comprised some
100hectares, half of whichwas owned communally.
The Forest Department owned much of the
surrounding area, including about 400 hectares of
denuded forestland thatwas used by the community
as grazing land. Crop production was insufficient
and most families kept goats to supplement their
incomes. Both food and fodder were imported
from other villages (Franda, 1981: 6; Narain and
Agarwal, 2002: 9).

During the 1970s, it became increasingly clear
that the fates of Sukhomajri and Chandigarh were
intertwined, principally because the sediment
washed down by seasonal rains in the Sukhomajri
watershed rushed down into Chandigarh’s Sukhna
Lake. By the early 1970s the lake had become so
choked with sediment that it had lost nearly 70 per
cent of its storage capacity and boat owners couldn’t
even get their crafts out of the harbour. The citywas
spending US$200,000 per year on dredging
operations that proved useless (Seckler, 1986: 1016;
Kerr, 2002). City officials turned to theCentral Soil
and Water Conservation Research and Training
Institute (CSWCRTI), based in nearby Dehra
Dun, for help, and the Sukhomajri programmewas
born.
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Figure 2.1 Sukhna Lake, Sukhomajri village and the Shivalik foothills
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The Sukhomajri approach: the initial stages

Initial efforts by CSWCRTI and the state Forest
Department to manage the watershed focused on
erecting erosion control structures outside of
Chandigarh. While these measures helped reduce
some of the problems, it was soon learned that the
hills in and around Sukhomajri, particularly one
severely eroded ravine, were largely responsible for
the torrent of sediment coming down. Attention
turned to the small village for a solution. But simply
employing erosion control mechanisms was not
going to be enough.

Not surprisingly, CSWCRTI was met with
resistance when it started its work in Sukhomajri.
While CSWCRTI’s aim was to improve soil and
water conservation to protect resources and interests
downstream, the people in Sukhomajri saw no
reason to be concerned about Chandigarh’s dying
lake. Their principal concern was their economic
survival, which depended on the continued use of
the watershed to graze their animals.

As Seckler notes (1986), the breakthrough – for
Sukhomajri and indeed for Chandigarh – came
when CSWCRTI built a small earthen dam to
control runoff, and the villagers suddenly had a
reliable source of water relatively close at hand. For
a very dry village, water was wealth. When water
collected in the reservoir and didn’t seep into the
ground or evaporate away, the villagers and the
institute saw a joint opportunity and began to
cooperate. Their successfulmutual engagementwas
largely predicated on three factors: community
participation in decision-making and management
incentives for villagers to graze their animals outside
of the watershed (in essence, payment for
conservation services of the watershed) and a
system of water allocation that would benefit all
villagers equally.

P.R. Mishra, the strong and charismatic director
of CSWCRTI’s Chandigarh office at the time,
understood that the project needed to be owned by
the villagers and that any benefits needed to be
shared. Here were the beginnings of a truly

participatory approach: government agency staff
and village farmers and herdsmen started working
together to implement practices aimed at protecting
water, land and forest resources. Community
participation and an equitable distribution of
benefits were recognized as necessary components
(Franda, 1981). According to S.P. Mittal, a scientist
who started the project with P.R. Mishra, ‘In many
ways the Sukhomajri experiment was the first
instance of challenging the top-down model of
development’ (CSE, 2007).

The initial check dam thatwas built was about 10
metres high. Using the stored water, villagers found
that during a drought they were able to save wheat
crops growing close to the dam. Three more check
dams were constructed, all piping water via gravity
to the fields below. With support from a Ford
Foundation grant, CSWCRTI provided the initial
funding for the check dams and underground pipes
and for the erosion controlmethods built throughout
the watershed. Farmers were also provided with
fertilizers and high-yielding seed varieties and were
encouraged to level their land to improve water
distribution on their fields. They were more than
willing to do so and tobear the cost of thesemeasures
themselves. Construction of soil conservation
mechanisms within the watershed continued with
staggered contour trenches, grade stabilizers and
gully plugs, all constructed by CSWCRTI. With the
water came increased crop yields and stabilized
agricultural production, as well as the incentive to
expand the area of land under cultivation.

In exchange for the water from the check dams,
villagers were willing to graze their animals in lands
outside of the watershed. But there was a problem:
although the water was able to reach many of the
village fields through the piped conveyance system,
it did not reach all of them. Tension mounted. The
irrigated crops succeeded and the non-irrigated
crops failed. Some villagers continued to graze their
animals in the watershed. A solution was needed.

The villagers organized and formed a water
users’ association, later to become theHill Resource
Management Society (HRMS). The HRMS was
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given authority to manage the dams and distribute
thewater. At first, thiswas done via a coupon system,
which villagers were able to sell if they wanted.
Water rights were granted regardless of whether
villagers owned land or not. Thus, everyone had a
share of water and everyone had an incentive to
keep up their end of the bargain.

Just as water gave the villagers a stake in
protecting the watershed, the right to cut grass
growing on Forest Department land on a per
unit basis gave villagers a stake in protecting the
forest. The villagers used mungri grass as livestock
fodder and bhabbar grass could be sold to the
local paper company, which used it for pulp.
Previously, the Forest Department had auctioned
grass-cutting rights to a contractor who thenwould
sell the grass to the villagers at a high unit price.
HRMS negotiated leases for mungri and bhabbar
grasses and was able to sell to villagers at a much
lower unit rate. These arrangements thus provided
an income stream to HRMS, based on the sale of
both fodder to villagers and bhabbar to the paper
industry, which was then cycled back into the
community (Narain and Agarwal, 2002; Kumar,
2003).

Economic efficiency, environmental
sustainability and social equity

Sukhomajri’s holistic, community-based approach
to developing and managing water, land, forest and
livestock in thewatershed aimed at achieving a good
balance of economic efficiency, social equity and
environmental sustainability.

Thewater allocation schemeHRMSdevisedwas
based on the traditional principle of warabandi, or
‘water turn’, widely used in irrigation schemes
across northwestern India and Pakistan, under
which farmers are allocatedwater based on irrigable
land area and crop type. This water allocation
system has two key principles: farmers receive
considerably less water than they could potentially
use, creating a scarcity of supply and thus

encouraging highly efficient water use on the farm;
andwater is equitably distributed to all land holders,
ensuring that the maximum number of such land
holders benefit from the total supply.

The Sukhomajri scheme took this latter principle
one step further by allocatingwater not only to land
holders but also to the landless; indeed, it was
decided that each household would get an equal
share of water, regardless of whether they owned
land or not. The water shares were also tradable so
that those who didn’t need the water could sell to
those who did, or water could be traded for
sharecropping arrangements.HRMSadministered
all transactions and distributed all funds. To
encourage efficient use, fees were charged based on
the amount of time water was supplied to the
farmer. The measures taken by the villagers to
improve cropland and agricultural production, such
as land levelling and installing their own erosion
control works, also no doubt improved water
efficiency. Soil improvement efforts also enabled
crops to flourish with less water.

Efforts to distribute water efficiently and
equitably also had important environmental
protection benefits. Incentives for villagers to graze
their animals outside of the watershed helped
address poor watershed conditions and the
pervasive problems of severe runoff, erosion,
sedimentation and deforestation. Upstream
erosion prevention led to the protection of water
infrastructure downstream, thereby saving
maintenance, repair and replacement costs.

To achieve this balance of economic efficiency,
social equity and environmental sustainability, the
Sukhomajri programme included a mix of
technical, institutional and financial measures:

• Technical measures: the check dam, irrigation,
high yielding varieties, fertilizer, land levelling,
watershed protection, erosion control works,
livestock control, grass planting.Different parties
(outside groups, the community, and individual
farmers) took the lead in implementing each of
these measures.
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• Institutional measures: the development of the
water users’ association, the system for sharing
water and other resources.

• Financial measures: the arrangement which
allowed the HRMS to earn income from
forestry leases and for dam and pipeline
maintenance and forest protection, the provision
for check dam construction costs to be covered
by outside groups. (Farm level costs, such as
livestock control and land levelling, were paid by
individual farmers.)

Importantly, although the approach focused
principally on village and watershed level actions,
thesewere supported and complemented by actions
at district and national scales. At the district level,
efforts initially involved cooperation between
departments for forestry and water and soil
conservation. National-level efforts included the
extension of the approach to other areas;
Sukhomajri was one of the first examples of
community integrated watershed management in
India and has become a model for watershed
development elsewhere in the country. At the
national level, lessons learned fromSukhomajri and
other similar projects were institutionalized in the
form of the National Watershed Development
Programme for Rainfed Areas and the formulation
of common guidelines for watershed management
projects, which were used by the Ministry of Rural
Development and the Ministry of Agriculture.
In addition, India’s Integrated Watershed
Development Programme funded by the World
Bank, which ran from1990 to 2005 in the five states
in the northwestern Shivaliks including Haryana,
was inspired by the Sukhomajrimodel (CSE, 2007).

The Sukhomajri approach: its evolution
over time

Over the three decades since the programme was
initiated, Sukhomajri has undergonemany changes.
While the initial stages transformed life in the village

and led to significant greening of thewatershed, two
important later developments negatively affected
some of these gains.

The first and perhaps most important of these
later developments was that the shallow tubewells,
which villagers started digging in the early 1980s,
began over time to replace water from the check
dam and its pipelines as the most important source
of irrigation water for the village. By 2001 around
17 hectares were irrigated by tubewells;meanwhile,
the area irrigatedwith check damwater fell from33
hectares in 1985 to only 10 hectares in 2001, a figure
that by 2007 had been further reduced to 5 hectares
(see Figure 2.2) (CSE, 2007).

Indirectly, the check dams themselves were a
major cause of this development, since they helped
raise groundwater levels from about 120 metres
below ground before the dams were built to about
40 metres in 1981–1982. The higher water tables
made it possible for individual farmers to tap into a
plentiful and relatively cheap source of water that
was fully under their control, so theywere no longer
dependent on thewater shares allocated through the
programme. Thus they had fewer incentives for
limiting watershed grazing and participating in
communal activities. But in the absence of a system
to regulate groundwater withdrawals, the water
table level began to drop again as a result of
overextraction – by 2006 it had gone down to 90
metres (see Table 2.1).

Table 2.1 Changes in groundwater levels

Year Groundwater depth

1979 120m
1981 40m
2005 90m

The second major development to cause
significant setbacks was the Forestry Department
decision to begin taxing the sale of bhabbar and
fodder harvested on its land – initially at 25 per cent
and then in 1998 at 55 per cent. Consequently,
HRMS’s income from the sale of bhabbar and
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fodder began a serious decline in net terms, starting
in 1990. To make matters worse, the demand for
bhabbar droppedprecipitously as the paper industry
began to usewoodpulp instead, further reducing the
Society’s income. As a result, HRMS’s annual
incomedeclined in the early years of thismillennium
to less than one-tenth of the level it was in 1986–
1987, the first year HRMS earned revenues (CSE,
2007). Figure 2.3 shows the ups and downs in
HRMS’s financial fortunes over the last 25 years.

Due to the fall in HRMS revenues and the
weakened incentives for tubewell irrigators to
participate in watershed conservation, the dams
silted up and the pipelines began to fall into a state
of disrepair.

Nevertheless, while the above two relatively
recent developments have taken their toll,
Sukhomajri is still a prosperous village. And the
outlook for the future depends greatly on the policy
decisions that are taken going forward, both at the
village level by individual farmers and the HRMS,
and at higher levels by the Forest Department and
the State of Haryana. The neighbouring village of

Bunga, for example, which initiated a similar
watershed development programme after visiting
Sukhomajri in the early 1980s, has been able to
avoid Sukhomajri’s recent problems, largely because
its HRMS has more financial independence and is
more assertive in controlling the use of common
property resources (CSE, 2007).

Development outcomes

The Sukhomajri programme had important
economic, environmental and social outcomes. In
agricultural production terms, the dramatic
increases in crop yields are by now famous: between
1977 and 1986, wheat production grew from 40.6
tonnes to 63.6 tonnes, and maize production grew
from 40.9 tonnes to 54.3 tonnes (Narain and
Agarwal, 2002: 11). Total cultivated land in the
village also rose, from about 50 hectares in the mid-
1970s at the project’s start to 110 hectares in 1993
(Khurana, 2005). The boom in the staple crops
wheat and maize improved agricultural stability,
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and, as subsistence was assured, farmers began to
diversify tomore lucrative vegetable crops – such as
peas, garlic, onion and potato – on a self-help basis,
with no subsidies. Sukhomajri now exports rather
than imports food.

Grass used for fodder grew 75-fold in the
Sukhomajri programme’s first decade, increasing
opportunities for raising buffalo. Thus milk
production grew from334 litres in 1977 to 579 litres
in 1986 (Narain and Agarwal, 2002). Despite the
recent downturns, milk is still an important part of
the village economy: 3,000–4,000 litres of milk
worth 12 Rupees (US$0.30)1 per litre are produced
each day from a herd of nearly 560 buffaloes and
cows (CSE, 2007).

Annual household income rosewith crop, fodder
and livestock production, climbing from around
10,000 Rupees (US$230) in 1979 to about 15,000
Rupees (US$340) in 1984, a 50 per cent increase in
just five years (see Figure 2.4). According to CSE
(2007), household incomes reached around 40,000
Rupees (US$910) in the 1990s and about 60,000

(US$1360) in the 2000s. Even after accounting for
inflation, these are significant gains, and reflect the
fact that, in a relatively short time period, villagers
have had more and more opportunities to improve
their livelihoods and their economic wealth. As
emphasized by Narain and Agarwal (2002: 1),
economicwealthwas created andbuilt uponnatural
wealth and capital: water, crops, animals and timber.
Addressing ecological poverty was akin to
addressing economic poverty. As one villager put it,
‘Who could imagine that televisions, tractors and
bicycles could be had for mere grass and water?’

In spite of recent developments, Sukhomajri still
boasts more than double the per capita income of
the state of Haryana, which is one of India’s more
prosperous rural states. Villagers now live in brick
and cement houses and enjoy modern amenities
such as cars and televisions (Narain and Agarwal,
2002: 12; CSE, 2007). Families are also accruing
savings, and per capita consumption data show
expenditures on clothes, health care and other non-
food items totallingmore than 20 per cent of overall
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spending, pointing to a higher standard of living
than existed previously (Khurana, 2005).

But the economic outcomes of the Sukhomajri
programme are only part of the story.
Environmental outcomes from Sukhomajri have
also been significant. In particular, watershed
protection, including the careful regulation of
grazing, resulted in an increased tree density in the
area from 13 per hectare to around 1,300 per
hectare in the 16-year period extending to 1995.
This not only provided another source of income
but also reduced soil erosion, which in turn reduced
siltation of downstream reservoirs. In addition,
by 1990 farmers, using their own labour, had
constructed some 300 kilometres of erosion works.

From a social perspective, perhaps the most
important outcome of the Sukhomajri programme
has been its equity impact, especially regarding
the income of landless people. In addition,
outmigration largely ceased, at least in the early
years, and the landless in the area benefited from an
increase in the dailywage. Furthermore, theHRMS

has helped advance community development. Not
only did the Society maintain the dams and other
irrigation and anti-erosion infrastructure, it also
managed irrigation and fish-farming enterprises in
the reservoirs, and implemented a number of
development activities within the village. Schools
were built and roads were improved. While this
institution has gone through difficult times of late,
it has clearly played a major role in the social
development of Sukhomajri over the last several
decades.

Importantly, the development outcomes of the
Sukhomajri programme have occurred at more
than one level, since they have extended significantly
beyond the catchment area. As indicated earlier,
Sukhomajri’s approach to community integrated
watershed management has become a model for
watershed development programmes elsewhere in
India, pioneered by both governmental and
non-governmental organizations. Professional
Assistance for Development (PRADAN) (whose
founder, Deep Joshi, also played a significant role in
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the initial development of the Sukhomajri
programme), Samaj Pragati Sahayog (SPS) in
Madya Pradesh and the Watershed Organisation
Trust (WOTR) in Maharashtra (see Lobo, 2005)
are among themanyNGOs that have embarked on
significant watershedmanagement programmes in
other parts of India. These groups have achieved
impressive results. SPS, for example, whose work is
based on the principle that ‘watershed development
is not just about harvesting rainwater but sharing
it equitably and managing it collectively’, claims
that in the areas in which it is working it has
achieved a ‘4-fold increase in irrigated area, 500 per
cent rise in farm incomes, doubling of land
productivity and a near complete end to distress
migration’ (Samaj Pragati Sahayog, 1999). An
in-depth analysis of the impacts of watershed
management programmes in India by Joshi et al
(2005), which evaluated 311 case studies of
watershed programmes in terms of economic
efficiency, equity and sustainability (sustainability
was measured in terms of irrigated area, cropping
intensity, rate of runoff and soil loss), showed that
these programmes yielded an average internal rate
of return of 22 per cent, with the highest benefits
coming from watersheds where people’s
participation was highest.

Lessons learned

The 30-year experience with Sukhomajri yields
numerous lessons that are relevant not only to other
watershed management initiatives, but also to
integrated water resources management efforts
more generally.

One key lesson is the huge importance of
economic returns – and of water as the key input to
generate those economic returns. In Sukhomajri,
improved water access was the catalyst for
sustainable watershed development. Water was
the key to encouraging people to invest in
environmental sustainability. Seckler (1986: 1020)
notes that the initial success of the Sukhomajri effort

was the result of the simple fact that irrigation in the
arid environment of the Shivalikswas able to deliver
spectacular returns in a short period of time, and
thus provided a strong incentive for all parties to
agree to implement important technical and social
changes. Soil and water conservation in the upper
catchments would not have been successful if it had
not addressed first and foremost the livelihoodneeds
and concerns of catchment inhabitants.

A related lesson is the need to pay attention to
ensuring visible and substantial benefits and
manageable transaction costs, a point emphasized
by Kerr (2002). Kerr notes that in the Sukhomajri
case, the benefits to both Sukhna Lake and
Sukhomajri watershedswere substantial and clearly
attributable to watershed protection, and the
transaction costs involved in sharing benefits and
self-regulation in Sukhomajri were manageable,
perhaps because of the unusual degree of
homogeneity and cohesiveness within the village.

Second, the Sukhomajri case makes clear that
when productivity, conservation and equity
objectives are in harmony with one another, the
results can be synergistic and far-reaching. In
Sukhomajri, the initial availability of water provided
not only an opportunity for increased crop
production and incomes, but also a strong incentive
for villagers to graze their animals outside of the
watershed. In addition, the system of water
allocation that benefited villagers equally ensured
that all villagers had such incentives, and not only
those owning agricultural land. By the same token,
the latter years of the Sukhomajri case also show
that when productivity, conservation and equity
objectives get out of harmony with one another, a
downward spiral can occur. The gradual
introduction of private tubewells for irrigation in
Sukhomajri, while perhaps increasing crop
production for individual farmers, led to a
moving away from the system of equitable water
distribution and a reduction in incentives for
watershed conservation.

Third, Sukhomajri highlights the importance of
effective legal arrangements in making equitable

26 INTEGRATED WATER RESOURCES MANAGEMENT IN PRACTICE

02c-Integrated Water 015-028  9/2/09  15:05  Page 26



management arrangements work and for ensuring
that the rights of the weak are protected. Seckler
(1986: 1020) notes that every member of
Sukhomajri’s initial water users association was
required to sign a legally binding document that
spelled out their agreement to various provisions
regardingwater distribution and grazing rights, and
which provided a basis for legal intervention by the
appropriate authorities if needed. Kerr notes that
Sukhomajri’s landless people, though politically
weak, were nevertheless able to exert leverage over
the landowning population since, as livestock
owners, they could allow their livestock to overgraze
the watershed and therefore threatenmuch needed
irrigation supplies.

A fourth important lesson is that institutional
innovation often needs to go hand in hand with
technical innovation. Seckler (1986: 1017) observes
that, in the Sukhomajri case, the technical
innovation to convey water through buried pipes
made possible the equitable water distribution
system that became the programme’s key
institutional innovation, since it enabled farmers to
know reliably how much water they were getting
(since time allocation was directly related to
quantity) and reduced their temptation to divert
more water than they were entitled to.

A fifth lesson relates to the importance of
‘integrating across the time dimension’ (i.e. trying to
anticipate possible second-generation problems). In
the Sukhomajri case, the possibility that the
existence of the dam would lead to a future chain
of events with adverse consequences – higher
groundwater tables, shallow tubewells being dug,
reduced incentives for controlling watershed
grazing and participating in communal activities,
overexploitation of the groundwater resource – does
not seem to have been contemplated in the early
stages. The failure to anticipate possible second-
generation problems has been at the core of many
of the world’s most serious water-related
environment and development disasters worldwide,
from arsenic in Bangladesh’s drinking water to the
drying up of the Aral Sea. To ensure sustainability,

particularly in the face of climate change, two
features of water resourcemanagement are critical:
integrating across the time dimension and putting
in place institutional arrangements at different levels
that are able to deal effectively with changing
conditions.

Finally, the Sukhomajri case reinforces the need
for vertical as well as horizontal integration (i.e. for
actions at one level to be supported by actions at
other levels). While the focus of the Sukhomajri
programme was at the watershed level, much of its
success was due to the supportive actions
undertaken at sub-watershed levels, by individuals
and households as well as by the community as a
whole. As importantly, Sukhomajri’s initial success
was no doubt linked to the supportive role played by
two national and international agencies (including
the Ford Foundation) in the initial stages of the
Sukhomajri programme, which not only provided
financial and technical support but also acted as
impartial arbitrators to resolve conflicts and develop
water-sharing arrangements (Kerr, 2002; Seckler,
2008). In addition, the ForestDepartment provided
important enabling conditions in the initial stages
of the Sukhomajri programme that allowed the
HRMS to flourish. But when the sameDepartment
started taxing the society’s profits from the sale of
bhabbar and fodder, the HRMS’s revenues fell
sharply and its role became much diminished.

Action at higher levels is of course crucially
important when it comes to scaling up small,
integrated projects. Although the benefits of the
Sukhomajri programmewerewell documented and
widely disseminated in the initial years of the
programme, the extension of the approach to other
watersheds took time to develop. Seckler (1986:
1021) notes that the development of large numbers
of small projects of this nature requires a strong
managerial system; furthermore, watershed
management programmes (like most IWRM
initiatives) are interdisciplinary projects that fall
between the cracks of different sectoral agencies
responsible for irrigation, agriculture and
conservation.
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In sharing these lessons learned, we have one
final reflection, which is that the Sukhomajri
programme was never conceived as ‘an IWRM
project’ and never had an integrated approach as an
objective. Rather, the integrated approach became
necessary to address the nexus of environment/
poverty problems faced in thewatershed and related
downstreamareas. It was the nature of the problem
that required a holistic approach – one that took into
account, as emphasized by Narain and Agarwal
(2002), all the resources of a village, from grazing,
tree, crop and forest lands to water systems to
livestock. It is precisely because the problemat hand
dictated the integrated approach, rather than the
other way around, that the lessons learned from
Sukhomajri are so valuable in an IWRM context.

Note

1. The authors would like to acknowledge, with thanks,
the very helpful comments and suggestions received
from M.R. Khurana and David Seckler.
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3
ATale of Two Cities:MeetingUrbanWater Demands
through Sustainable GroundwaterManagement

Mogens Dyhr-Nielsen

In the 1970s and 1980s, the Danish cities of Aarhus and Aalborg faced similar urban water supply challenges – their urban
water demand was growing and the groundwater resources that their water supplies depended upon were under threat. In the
case of Aarhus the main problemwas overpumping – resulting in sulphate contamination, reduced river flows and other ecosystem
impacts unacceptable to an increasingly environmentally conscious populace. In Aalborg the main problem was contamination
of surrounding well fields by fertilizers and pesticides.

Resolving these issues took a supportive national policy and institutional framework – which was provided by Denmark’s
National Aquatic Environment Plan (NAEP) – regional planning and monitoring, and collaboration at the local level between
various sectors and groups. Both supply-side and demand-side tools were applied at various levels to achieve the desired results.
Aarhus’s solution built on national water pricing efforts to reduce demand and involved close cooperation between the water
supply and water treatment sectors, as well as city planners, to achieve the necessary mutual synergies and joint interventions.
Aalborg’s depended on getting farmers on board and making alliances with urban planners and environmental interest groups.

The experiences of Aarhus and Aalborg demonstrate that an IWRM approach can successfully be applied to solve local
problems, particularly complex problems where economic, social and environmental factors all come into play. It also shows the
importance of cooperation and coordination between levels of government.
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The development context

During the last 100 years, Denmark has, like most
of Europe, experienced significant urban and
economic growth. In Aarhus, Denmark’s second
largest city, the population increased by a factor of
five – from 50,000 in 1900 to almost 250,000 in
2005 (see Figure 3.2). During 1985–2005 alone,
Aarhus had to accommodate 50,000 additional
water users.During the same20-year period, aGNP
per capita increase of almost 40 per cent created
significant improvements in housing standards (e.g.
more bathrooms) and raised consumption potentials
(e.g. large gardens with thirsty lawns). This could
have led to skyrocketing per capita water demand.
But in Aarhus, and many cities like it, per capita
water demand, and in fact total water demand, fell
during this period. This story is about the changes
that made this reversal possible and the forces that
drove those changes.
Population growth and urban water

consumption were not the only factors that shaped
Denmark’s water challenges. Participation in the
European Community Agricultural Policy and the

resulting changes in the agricultural sector also
played a role. Intensification of agricultural
practices, driven by a subsidized market, led to
greater use of fertilizers and pesticides, which in
turn caused an increase in non-point contamination
of both streams and groundwater. At the start of the
1980s, public awareness of the impact of
agricultural practices on groundwater quality was
minimal, and the farmers themselves were
convinced that the losses of water and nutrients
from their fields were negligible.
Finally, the general increase in affluence led to a

popular demand for recreational areas and a clean
environment. The environmental movement
became strong and politically influential, and a
political consensus on the importance of a clean and
green environment began to emerge.

Urbanwater supply challenges: increasing
demand and limited resources

For many years, the water supplies of Danish cities
experienced relatively few challenges.Groundwater
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appeared to be a safe, abundant and inexpensive
resource in the first half of the 20th century, and to
this day, 98 per cent of the Danish water supply is
provided by the country’s high-yielding
groundwater aquifers.
However, in Aarhus, Aalborg and many other

Danish cities, the population increased several times
over from 1900 to 1970, and, as seen for Aarhus in
Figure 3.3, the per capita water demandmore than
doubled during this period. To keep up with this
demand new well fields were developed around the
cities.
But, in the 1970s, several constraints emerged.

Many Danish watercourses began to run dry in the
summertime due to stream depletion from
groundwater pumping, and the lowering water
tables were having a negative impact on wetlands.
The concept of environmental flow – the amount

of water needed to sustain healthy ecosystems –was
introduced to counteract these problems, and thus
pumping intensity was reduced to achieve
acceptable low-flow impacts on the biological
quality of streams and wetlands.
Cases of toxic contaminationwere discovered, in

particular in olderwell fields located in urban areas.
Leakage from oil tanks and spills from industries
using toxic materials were found in important well
fields. In open farmlands the situationwas notmuch
better; many aquifers proved to be contaminated
with nitrates – to such a degree that they did not
meet EU drinking water standards. Also, intensive
pumping had caused salinity intrusion and set off
adverse chemical reactions in many aquifers,
releasing contaminants such as sulphates. It became
clear that remediation of contaminated aquiferswas
– and still is – an expensive and slow intervention.
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Thus, since the early 1970s the urban water
supply sector has had to face two major and closely
related challenges:

• How tomanage supply to reduce environmental
impacts and protect groundwater from
contamination.

• How tomanage demand to reduce the need for
expansion of the well fields. (If the per capita
consumption had continued to grow at the same
rate as it did in the late 1960s, a city like Aarhus
would today face awater demand roughly twice
current levels.)

The types of tools used to address these
challenges are also twofold:

• Hydro-technical tools, such as advanced hydro-
geologicalmapping,monitoring andmodelling,
have been applied to understand the complex
links between pumping wells, aquifers and
surface water systems.

• Socioeconomic approaches have been used to
create user awareness and behaviour change.

In the following sections, wewill put the spotlight
on two cities, Aarhus and Aalborg, to demonstrate
some actual on-the-ground responses to the
challenges described above.

TheDanishmanagement approach: national
policy and legislation, regional planning and
licensing, and local implementation

The overall approach builds on clear roles and
responsibilities between three vertical levels of
management: national, provincial and local.

The national level: provider of the enabling
environment

At the national level, the Ministry of Natural
Resources and Environment (MONRE) is the

primary authority responsible for water
management. Its remit also covers chemicals and
waste, noise and transport, ecosystem health,
agriculture, forestry and land use. MONRE
provides the legal framework, the national fund
allocations for water management, and the policies
and strategies. It also defines the institutional
framework within which provincial and local levels
operate. In an administrative reform in the early
1970s, many functions were decentralized to the
provincial and local level.
A key policy tool in the water sector has been the

National Aquatic Environment Plans (NAEP) 1–3,
which since 1987 have provided the macro setting
for Danish water management. The NAEPs apply
an integrated institutional approach and a holistic
view of the entire water cycle – from when the rain
hits the soil until it reaches the coastal waters. From
the beginning, they also included consideration of
ecosystem quality and fisheries – a pioneering
example of an ecosystem approach.
The NAEPs and associated water policies

targeted, among other things, nutrient emissions
from urban, industrial and agricultural sources.
Wastewater discharges were controlled by extensive
expansion of tertiary treatment in municipalities
and industries. Also, agricultural nutrient losseswere
reduced by improved management of organic
fertilizers, aswell as improved land use and cropping
strategies. The subsequent national outcomes have
been significant, as illustrated in Figure 3.4.
During the same period, demand management

via water saving campaigns and significant water
price increases were implemented to reduce the
pressure on the groundwater resources. The
national average water price was increased 700 per
cent over a 20-year period – from about 5 DKK
(US$1) per cubic metre in the mid-1980s to about
35 DKK (US$7) per cubic metre today. Nowadays,
an average Danish family spends approximately
4,000DKK (US$800) a year forwater, but this is still
less than 1 per cent of the average annual income.
The MONRE also initiated integrated research

and monitoring programmes to provide the
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scientific basis for proposed interventions. And it
promoted institutional cooperation in sectors such
as water supply, wastewater treatment, biodiversity
conservation and agricultural practices.

The provincial level: responsible for regional
monitoring, planning and administration

Denmark never established formal river basin
organizations (RBOs), and therefore represents a
casewhere application of IWRMconcepts has been
successful without the RBO institutional
framework.
Up until a 2007 administrative reform, the

provincial administrations were responsible for
regional water management within provincial
boundaries. Each province (actually counties or
amter inDanish) had its own elected political councils
and administrations, raised provincial taxes, and
operated water management units covering water
supply, water quality protection and wetlands

conservation. Basinmanagement issues that crossed
administrative boundaries were handled via ad hoc
collaboration between involved provinces and the
political councils and administrations. These
institutional arrangements thus avoided creating
overlapping mandates between provincial
authorities and RBOs.
The provincial administrations established

regional development plans and also implemented
monitoring programmes on the status of water
resources and trends. They issued permits for water
supply rights and wastewater discharges but were
not involved in actual implementation, which was
handled by themunicipal water services as well as a
large number of private waterworks.
This institutional framework encouraged close

cooperation between the provincial and local levels.
Through detailed knowledge of the local conditions
and through close interaction between the two levels
it was possible to address local challenges in a
coherent and responsive manner.
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The local level: responsible for public services for
water supply and wastewater treatment

The reductions in water pollution and water
demand (shown in Figures 3.4 and 3.5) have only
been possible because of local-level efforts. The
national and provincial levels are necessary
facilitators, but without efficient local implementers no
on-the-ground action and impact can result.
In the Danish case, locally elected municipal

boards are responsible for the implementation of
public services such aswater supply andwastewater
treatment.Themunicipal publicworks (waterworks,
treatment plants, and so on) are operated on the
basis of cost recoverywith no access to tax subsidies.
This allows for a high degree of responsiveness to
local contexts, aswell as economic sustainability and
efficiency.
To demonstrate how the national and regional

water supply management framework has been
implemented in specific local contexts, two cases are
presented:

• The case of the Beder waterworks in Aarhus is
an example of unsustainable exploitation of a
groundwater aquifer. A steady lowering of the
water table, aswell aswater quality deterioration
and environmental impacts on streams in the
area, had to be addressed.

• The case of Drastrup waterworks in Aalborg is
an example of a high-yielding groundwater
aquifer with extreme vulnerability to
contamination by nitrate leakage from
agriculture.

Aarhus: balancingwater demandwith
sustainability and environmental
requirements

The context and challenges

The Beder waterworks is an important component
of the Aarhus municipal water supply. The
groundwater aquifer for Beder waterworks is

located in theGiber river basin. In this area, aquifers
are relatively small and located within a complex
system of buried glacial valleys with alluvial sands
enclosed in tertiary clay deposits. In the Beder case,
an important outflow is through a spring that feeds
theGiberRiver. This spring serves as amajor source
of flow into theGiber during the summer and other
low flow periods.
Beder waterworks was originally designed for a

capacity of 5.5 million cubic metres per year.
However, as seen from Figure 3.6, the water table
droppedby 15metres during the period 1970–1990.
Obviously, the pumping did notmatch the recharge.
Because of this overpumping, two serious

environmental issues were emerging:

• The lowering of the water table caused
oxidation of pyrite deposits and released
increasing levels of sulphate into the well water,
as seen from Figure 3.6.

• The springs feeding the Giber River in the dry
season also ran dry, so that the low-flow
discharge only comprisedwastewater discharges
from the treatment plants in the basin. This
caused considerable political concern, since the
environmental movement was growing and the
demand for recreational areas for the urban
population became an important voter issue.

So the challenge was twofold:

• A need to reduce groundwater pumping to
match the aquifer recharge in order to stop the
decline of the water table and the sulphate
contamination.

• The maintenance of the low flow (today we
would say the environmental flow) of the Giber
River.

Instruments used

The challenges were addressed by a combination
of demand- and supply-side management
approaches.
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Demand-side management for reduction of water demand
At the time of its construction in 1970 the Beder
waterworks accounted for about 20 per cent of the
total Aarhus municipal water supply. Water
consumption was then about 340 litres per person
per day, with a growth rate of about 2 per cent per
year. If demand had continued to grow at this rate,
Aarhuswould todayneed awater supply capacity of
about 50 million cubic metres, double the total
capacity in 1970. Accordingly, it became both
economically and technically attractive to focus on
management interventions to reducewater demand.

As seen in Figure 3.3 as well as Figure 3.7, this
approach has been very successful: consumption has
been reduced from over 300 litres per person per
day to less than 200, and the total demand has been
reduced to 18 million cubic metres per year – 7
million cubic metres per year less than in 1970.
This reduction in demand is largely due to a

combination of awareness campaigns and a steady
increase in water prices, as shown in Figure 3.7.
Over the period 1986–1995 the price of water was

increased by 300 per cent – from about 7 DKK
(US$1.40) per cubic metre to 21 DKK (US$4.20) –
and during this time the total water demand fell
from 25million cubicmetres per year to 20million.
The price of water has continued to increase – in
2008 it reached almost 40 DKK (US$8) per cubic
metre. Correspondingly, water demand has
continued to decrease (see Figure 3.3).
The price increases were a combination of

payment for water supply and wastewater
treatment, a ‘green’ government tax and
government VAT (see Table 3.1). This price
structure evolved through the integration of three
water issues:

• Local-level financing of municipal water supply
services. This was the original water price.

• Local-level financing of municipal water
treatment investments in relation to theNational
Aquatic Environment Plans, starting in 1986.

• National-level introduction of ‘green taxes’ in
1995.
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Also, the national Value Added Tax (VAT) has
added to the water price. Total national taxes now
amount to one-third of the total price.
The economic pricing instruments were further

enhanced through local-level water-saving
campaigns in Aarhus. The impact of an intensive
campaign from 1989 to 1990 can be detected in
Figure 3.3. Also,many technological improvements
(such aswater-saving toilets) were introduced during
the early 2000s.
It should be noted that the impact on water

demand was related to wastewater treatment
charges and not to water supply charges, which are
substantially lower. This collaboration between the
water supply sector and the water treatment sector
was a key factor in the successful reduction in the
water demand.
It is also worth noting that the actual water

expenditure of an average family is less than 1 per
cent of annual income. It can be argued that, from

the consumer’s point of view, the price increases
have hardly been noticeable. So the awareness
campaigns (‘good drinkingwater is expensive’) have
had a significant psychological impact on consumer
behaviour.

Supply-side management via holistic analysis of the
aquifer dynamics
With the success of demand-side interventions, the
supply-side issues became much easier to address.
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Table 3.1 Water prices in Aarhus, DKK per cubic metre
(1 DKK equals US$0.20)

Year Water Waste- Water VAT Total
supply water tax

1985 2.85 3.79 0.00 0.63 7.27
1995 3.85 11.08 2.00 4.23 21.16
2003 6.27 13.96 5.00 6.46 32.30

Source: Aarhus Municipal Water Supply
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Sustainable yield
The capacity of the Beder waterworks was
originally calculated using traditional hydro-
geological analysis of borehole data, combinedwith
short-termpumping tests. Thesemethods provided
an incomplete understanding of the complexity of
aquifer dynamics, and as a result the capacity of the
waterworks was overestimated. Thus, the falling
water table and other problems due to unsustainable
pumping came as a surprise when they emerged in
the 1970s. Later, thanks to multi-disciplinary
collaboration between national research institutes,
the provincial county of Aarhus and the Aarhus
municipality, advanced geophysical mapping tools
(such as TEM and PATEM) were applied to obtain
a more accurate description of the Beder aquifer
and its complex hydro-geological characteristics (see
Thomsen et al, 2004: 554). This also included
development of mathematical models for three-
dimensional simulation of the aquifer processes.
Based on these investigations, the sustainable yield
estimate was reduced by 35 per cent – from 5.5
million cubic metres per year to 3.5 million. This
reduction has been readily accommodated thanks
to the reduction in demand.

Low flow depletion of the Giber River
The studies also documented the depletion impacts
on the low flows of the Giber River. Before
pumping, themedianminimum flowwas estimated
at about 25 litres per second. In the 1980s,minimum
flowwas still estimated at about 25 litres per second,
but this was almost entirely made up of discharge
from the wastewater treatment plants in the
catchment. It was decided to introduce an artificial
flow replenishment of an additional 25 litres per
second. Some of this was provided froma rainwater
retention reservoir, but the Beder waterworks
had to reserve a river recharge capacity of 250,000
cubic metres per year, reducing the actual water
supply capacity to 3.25 million cubic metres per
year.
As of 2008, the Aarhus Public Works plans to

close down the small treatment plants in the basin

and pump thewastewater to amore efficient central
treatment plant. In this case, the Beder waterworks
will have to compensate for loss of the treated
wastewater flows by increasing the allocation for
replenishment to almost 700,000 cubic metres per
year – 20 per cent of total capacity – which is
roughly equivalent to the water supply demand of
about 10,000 people, or a small Danish township.
This is a necessary ‘cost’ to maintain the
environmental flow and the recreational quality of
the Natura 2000 site on the lower Giber River.

Vulnerability to contamination
Initially, the Beder aquifers were considered well
protected against contamination due to the presence
of surface layers of clay. However, the detailed
geophysical surveys detected significant variability
in the thickness of the clay cover, and a vulnerability
map was established. This map now serves as a
guide for further urban development – vulnerable
areas are reserved for recreational use and urban
areas located in the areas with thick clay covers.

Outcomes of the integrated approach

The management of the Beder aquifer system
involved national level strategies and plans, as well
as general support from the regional authorities. In
the municipality itself, close cooperation between
the water supply sector, the water treatment
sector and the city planning sector was essential to
achieve the necessary mutual synergies and joint
interventions.
Thanks to the introduction of significant water

price increases, combined with public awareness
campaigns, it was possible to reduce per capita
demand by 30 per cent from 300 to 200 litres per
person per day, which allowed pumping from the
Beder aquifers to be reduced to sustainable levels. A
major portion of the revenue gained from the price
increase was spent on investments in wastewater
treatment in Aarhus.
The environmental impact on the flows of the

GiberRiverwasmitigated by artificial recharge, and
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the lower part of theGiberRivermaintains its status
as an EUNatura 2000 protected area.
Also, close cooperation between water

authorities, water services and the research
community provided the necessary data and
understanding of the complex hydrology of the
basin. This detailed knowledge was used by city
planners to locate recreational areas in the
vulnerable zones and place urban development over
the best protected aquifers.

Aalborg: protecting vulnerable aquifers
against non-point agricultural contamination

Context and challenges

Drastrup waterworks is one of two major well fields
in the city of Aalborg,located in the northern part of
Jutland. The municipal water supply provides water
to about 100,000 people, and Drastrup waterworks
account for about 30 per cent of this supply,
approximately 3 million cubic metres per year.
The region’s aquifers are highly productive, so

there are no serious shortage issues. Nevertheless,
Aalborg water supply has been able to realize the
same spectacular reductions in water demand as
seen in Aarhus and thus achieve considerable
savings in investment and operation costs.
The limestone aquifers around Aalborg are

highly permeable, so the issue of sustainable yield is
of minor concern.However, the aquifers aremostly
unconfined, without protective clay layers. As a
result they are highly vulnerable to contamination.
Initially, there was an attempt to protect underlying
aquifers fromurban point sources of contamination
such as solidwaste dumps, oil tanks and gas stations.
However, since aquifer protection – as well as
remediation – is very difficult and costly, Aalborg
water supply has preferred to locate well fields in
rural areas such as Drastrup, away from the
pollution-prone urban sites.
But in Denmark’s rural areas, agricultural

intensification has caused extensive non-point

nitrate contamination of the upper layers of the
unconfined aquifers, such as those around
Aalborg. Figure 3.8 shows a trend in increasing
contamination of the upper (or younger)
groundwater layers over the period 1990–2000.The
upper levels of groundwater show concentrations
of 100–130 milligrams of nitrate per litre, which is
more than double the EU limit value of 50
milligrams per litre.
The EU nitrate limit value may still be satisfied

by mixing groundwater from the upper layers with
deeper groundwater, but the situation is similar to
the lowering of awater table: the resource – in terms
of sufficient quality water – is being diminished.
And here, a reduction in pumping will not solve the
problem: leakage of agricultural nitrate from the
rootzonemust be reduced to protect the investments
in the waterworks.

Instruments

To protect the Drastrup well fields against nitrate
contamination, Aalborg water supply has applied a
number of instruments, implemented within a
coherent framework encompassing national,
regional and local levels.

Monitoring nitrate processes in groundwater aquifers
An important component of the National Aquatic
Environment Plans was the implementation of
extensive, multi-disciplinary monitoring and
research programmes. Initially, the agricultural
sector did not accept the need to reduce nutrient
losses, but the research and themonitoring data not
only helped improvemutual understanding but also
provided the hard facts of the extent of the
contamination. The data on groundwater
contamination was particularly convincing for
farmers, since it became evident that their own
water supply wells were the main victims. Thus,
these national and regional programmes
were important instruments in raising political
awareness and winning acceptance of the need for
interventions.
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Improvement of agricultural practices
Since the 1980s, theNational Aquatic Environment
Plans have introduced a large number of national
interventions and incentives to reduce the nitrate
contamination of Danish waters. These
interventions address agricultural practices and
have been established and implemented in close
collaboration with the Ministry of Agriculture and
the Danish Agricultural Advisory Service. Today,
these efforts have reduced rootzone nitrate losses by
50 per cent. This reduction has had the additional
benefit of improving the quality of coastal waters –
a primary objective of the firstNAEP. But evenwith
the improved agricultural practices, nitrate leakage
is above the limit of 50 milligrams of nitrate per
litre. In many areas, this is not a critical issue, since
the aquifers have sufficient natural protection, as in
the Beder case. But agricultural activities near
vulnerable well fields such as Drastrup pose

significant threats. It is generally agreed that the
nitrate leakage cannot be reduced much further
without jeopardizing the economic viability of most
Danish agricultural production systems.

Land use planning
In Drastrup, land use planning has been used to
address the issue of non-point contamination in
agricultural production landscapes. It was proposed
by the city planners in the 1980s as a tool to protect
the groundwater against nitrate contamination.
Combining the need for recreational areas near the
city with the need to protect the well field
investments established alliances and synergies
between the waterworks and land use planners. It is
interesting to note that, in the Drastrup case, the
initial drivers of this alliance were the urban
planners, not the provincial water planners.
Integrating thewater protection objective into their
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agenda enabled them to promote their own
objective to establish more recreational areas.
One of the instruments laid out in the NAEPs

was economic incentives for private reforestation in
vulnerable water supply catchments. By 1985,
Aalborg had already established a framework for the
‘green’ element in the city’s development plans, and
here the Drastrup catchment was selected as a
special protection zone with multiple uses by both
recreation and agriculture. Starting in 1990, the
municipality tested various instruments to change
the land use:

• The use of incentives to change agricultural
practices was not a success. Farmers had very
limited interest in participating.

• The use of national funding for reforestation
projects was more successful and created
visibility and political awareness of the
groundwater protection issue. Nitrate leakage
was not measured until the late 1990s, but it is
estimated that before reforestation it was at least
of the same magnitude as that found in the
upper groundwater layers, namely about 120
milligrams of nitrate per litre. After
reforestation, the nitrate content in water from
the rootzone leakage fell close to zero.

• Land redistribution was also proposed, but with
limited success. Unless the redistribution is
voluntary, the costs – and the legal hassles –
become significant.

• The inclusion of voluntary land use restrictions in
official land titles hasworked to somedegree, but
it is highly dependent on owner attitudes and
perceptions. Some farms have agreed to change
to grass with low-intensity livestock rearing. In
such fields the nitrate content has decreased to
a few milligrams of nitrate per litre.

In parallel with the efforts of land use planners,
theAalborgwater supply established an action plan
for the Drastrup catchment, based on the newly
revised Danish Water Supply Act (Aalborg
Kommune, 2001). This plan, which is now under

implementation, provides additional resources to
continue the protection efforts. However, in
accordance with the mandate of the public works,
it emphasizes the most cost-efficient protection of
the well fields, more than the recreational interests
of the entire catchment. A close coordination of the
well field protection and the recreational interest
groups is needed to achieve optimal results for both.

Outcomes

Forests, grasslands andmeadows nowdominate the
catchment. But there are still substantial areas of
farmland, and it has not been possible to reach a
voluntary agreement with a large farm just next to
the well field.
As a result of land use changes, the sources of

nitrate contamination in the catchment as a whole
have been reduced significantly (Møller Madsen et
al, 2002). The initial impact of these measures,
which were started in the late 1990s, can be seen in
Figure 3.8. There appears to be some stabilization
of the increases in nitrate concentration in the upper
groundwater, but the concentration is still way above
theEU limit value of 50milligrams per litre. Asmay
be expected, there are significant time lags between
the reductions in nitrate leakage and the response
in the groundwater quality.
Also, pesticide contamination risks have been

reduced. But the small township of Frejlev is still
within the catchment and creates risks for
contamination from accidental spills, leaking oil
tanks, and so on.
Aalborg’s water supply authority is now looking

for new well fields further away from urban and
agricultural areas, such as in existing forests.
However, forest lands – and their wetlands –may be
impacted by the pumping, as in the case of Beder
and the Giber River. So the efforts to find ways and
means of safeguarding the existing water sources
continue.
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Lessons learned

It is apparent from the cases above that:

• Economic efficiencywas increased substantially
via increases in the water prices, coupled with
public awareness efforts. By including
consideration of the high cost of treatment
plants, it was possible to argue for price increases
to reduce water demand and thereby the need
for costly water supply expansions and
groundwater protection interventions.

• Equity was achieved through provision of a safe
and reliable water supply for all at an affordable
water price.

• Environmental sustainability was addressed by
advancedmethods tomap andmodel the linked
processes of the water resources and their
reactions to human activities.

• At the regional level, the Danish experience has
shown that IWRM approaches can be
successfully applied without the presence of
formal river basin organizations. Actually, the
major impacts of the NAEPs has been in rivers,
lakes and coastal waters.

• At the local level, each catchment had its unique
issues and challenges. The actual management
interventions were highly context sensitive and
every case has its own story.

• Integration and cooperation were achieved by
joint and specific efforts targeted at specific
water challenges, where each partner had awell-
defined stake. Integration is difficult if the only
objective is integration for integration’s sake.

• Effectivewatermanagement interventionswere
dependent on sociopolitical contexts asmuch as
– and probably more than – hydro-geological
characteristics.

TheAarhus andAalborg cases also demonstrate
that, even at the level of local water supply issues,
the implementation of truly integrated water
management is a difficult long-term process that is
highly dependent on:

• leadership by creative and committed water
managers with ability andwillingness to react to
political windows of opportunity;

• multi-disciplinary and innovative research
frameworks that enable cooperation around
shared issues; and

• effective advocacyNGOs able to raise issues and
mobilize public awareness and participation.

Such conditions will always be context sensitive
and must be born out of local challenges and
opportunities. No case study can provide ‘the
solution’. However, it is possible to learn from
others’ experiences. Through theDanishWater and
Waste Association, there is an extensive and
systematic exchange of experiences and lessons
learned between the different waterworks, as well as
between administrative levels. This organization has
served as a very efficient tool for capacity
development in Danish water management at all
levels – local, regional and national.

Epilogue

The cases described above were based on a
decentralized administrative structure of national,
provincial and local levels, each with elected
politicianswithmandates to raise taxes for national,
regional and local budgets. In a major
administrative reform in 2007, the provincial level
was removed and its former tasks were transferred
to national and local levels. Also, the number of
municipalities was reduced by two-thirds through
mergers.
The reform has resulted in significant

centralization at both national and local level. It has
also created a significant loss of institutional
knowledge and capability, in particular in relation
to the coordination functions of the provincial and
river basin levels.
There is a concern in the Danish water

administrations that reformmayhaveweakened the
coherence and capabilities of water management
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frameworks in Denmark and may affect the
country’s ability to implement the EU Water
FrameworkDirective – legislationwhichDenmark’s
water managers and experts contributed to
substantially. But the reform is a result of political
issues and priorities outside the water sector, and it
will be interesting one day to study the impacts of
this exercise on water management.
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4
Wetlands in Crisis: Improving Bangladesh’s Wetland
Ecosystems and Livelihoods of the Poor who
Depend on them

Mary Renwick and Deepa Joshi1

The extensive wetlands of Bangladesh provide food and income to about 70 million rural people and are a critical habitat for
fish, migrating birds and other wildlife species. In the last several decades, however, the wetlands have undergone a steady decline
– due primarily to agriculture intensification in the flood plains, unsustainable fishing practices and, more recently, industrial
pollution. The lack of alternative livelihoods for vast poor populations critically dependent on the wetlands and the concentration
of access and management authority among a handful of elites made it unlikely that these trends would be reversed without
outside intervention.
The Management of Aquatic Ecosystems through Community Husbandry (MACH) project, which ran from 1998 to

2007, has not managed to resolve all of these issues; however, it has been able to achieve greater positive impacts than previous
interventions. Some might argue that the secret to this relative success was resources – the project had US$14 million to spend
over nine years. But while the money certainly helped, several other characteristics distinguished MACH from its predecessors.
It looked at the wetlands as a system – one in which there are intricate connections between land, water, people and other living
organisms. It involved all the actors who impacted the system – the resource users and the polluters – and attempted to take into
account the differing priorities of these actors. And finally it worked to ground natural resource management in the community,
while simultaneously fostering links to higher levels of government.
MACH shows that, at the local level, good management often addresses both land and water resources, institutional as well

as infrastructural interventions, and vertical as well as horizontal linkages. The case also shows that for pilot efforts to have
broader impacts, effective monitoring is critical.
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Water, wetlands and development in
Bangladesh

The floodplains of Bangladesh form one of the
world’s most important wetlands, providing habitat
for a vital inland fishery, aquatic plants, migrating
birds and other wildlife. An estimated 70 million
rural poor depend on the wetlands resources for
income and nutrition. The wetlands also play an
important role in the country’s water resource
management system by providing vital
environmental services for flood control, pollution
abatement and groundwater recharge. Thus, in
addition to putting the health and livelihoods of
millions of people at risk, degradation of these
wetlands endangers many of the critical water
management functions that nature currently
provides for free, andwhich otherwisewould require
significant investment in infrastructure and
management.
With extensive rivers and floodplain wetlands,

over half of Bangladesh can be termed aswetlands;
much of the country’s population and wildlife is
attuned to the flood pulse of the Ganges–
Brahmaputra delta. Each year the monsoon rains
inundate 4 million hectares of land. Fish
populations disperse during this time,making them
readily accessible to an estimated 80 per cent of
poor rural households. As the waters recede,
people cultivate paddy rice in the wet, nutrient-rich
soil. In the dry season, the floodplain wetlands
shrink to form a system of interconnected rivers
and lakes (Ali, 1997). This is a critical time for fish
reproduction; the smaller number of water
bodies concentrate fish populations, supporting
rapid reproduction that enable populations to
regenerate.
Unfortunately, because of unsustainable fishing

practices (particularly during the dry season),
resource degradation and loss of ecosystem
connectivity, Bangladesh’s vital natural fishery is
under severe threat. Since the late 1980s, the
country has experienced a steady decline in
freshwater fish production with serious impacts on

food security, biodiversity and ecological
sustainability. According to theWorldConservation
Union (IUCN), more than 40 per cent of
freshwater fish species are threatenedwith national
extinction in Bangladesh (IUCN, 2004). Since
1985, the national catch of major carp and catfish
species decreased by 50 per cent as a result of lower
productivity (Ali, 1997). The poor have been
impacted the most. While national fish
consumption decreased by 11 per cent over this
period, it fell by 38 per cent for the poorest
households (Muir, 2003).
What factors caused the decline in fish

productivity and consumption in an area endowed
annually with abundant water supplies and a
once-vibrant interconnected system of wetlands?
Several independent reviews (BCAS, 2001;
Sultana, P. and Thompson, P., 2004; World Bank,
2004; Hossain et al, 2006) have identified serious
underlying flaws in themanagement of wetlands in
Bangladesh, including the following:

• Viewing wetlands as wastelands rather
than a vital part of the country’s water
management system. In the past,
government policies and programmes actively
sought to recover land through construction of
flood embankments, water control structures,
and by draining wetlands for paddy cultivation.
These practices drastically reduced the number
of water bodies in the wetlands and impaired
their connectivity, blocking fish migration
routes and impacting water quantity and
quality. In addition, clearing local forests to
increase paddy cultivation has resulted in
high rates of soil erosion, which in turn
increased siltation, thereby decreasing storage
capacity of water bodies. The failure to
address industrial pollution problems,
particularly those associated with textile dyeing
near Dhaka, has resulted in serious short- and
long-term impacts on fish breeding and on the
entire wetlands.
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• Attempting to maximize government
revenues through short-term leasing of
fishing rights in permanent water
bodies. Most permanent water bodies in
Bangladesh are government property. Policies
have sought to maximize government revenues
from permanent water bodies by awarding
short-term fishing rights through leases to the
highest bidder. This policy has concentrated
returns from fisheries into the hands of powerful
leaseholders, who often engage in destructive
and unsustainable fishing practices tomaximize
short-term income. This policy has edged out
poor fishers who are economically and
nutritionally dependent on fisheries, increased
competition in fishing practices and has created
incentives for commercial and local fishers to
over-harvest fish, particularly in permanent
water bodies.

While many of the problems confronting the
wetlands have long been recognized, little has been
done to reverse this trend. Despite good intentions,
past attempts to address wetlands-related problems
have been ineffective for two principal reasons. First,
most interventions have focused on a small subset
of issues impacting thewetlands, such as fisheries or
paddy production. This narrow approach ignored
the interconnected relationships, including
ecological resources, users, and rules and norms
governing wetlands use. Second, past management
approaches have lacked effective vertical
integration; they were either top-down or entirely
local. Top-downmanagement approaches involved
the imposition of best-practices on local users
without taking into account specific local needs. As
a result, top-downapproaches rarely got community
buy-in and compliance withmanagement plans. In
contrast, while community-based management
approaches often got significant local buy-in, they
lacked long-term support from local government,
who often reverted to past practices once the project
withdrew support.

Genesis of the MACH project

The nine-year, US$14 million, two-phase MACH
project was jointly conceived and funded by the
government of Bangladesh and USAID. MACH’s
objectivewas to be a testing ground for community-
led natural resource management, with field
operations in more than 110 rural fishing villages
(WRI, 2008). Winrock International, an
international NGO specializing in sustainable
resource management projects, devised the
institutional arrangements and undertook
programmemanagement in collaboration with the
Bangladesh-based Center for Natural Resource
Studies, Caritas Bangladesh and the Bangladesh
Center forAdvancedStudies (WRI, 2008). From the
beginning the programme adopted a broad
integrated approach that recognized the
interconnected relationships affectingwetlands and
included vertical as well as horizontal links, thus
attempting to overcome the difficulties associated
with the narrow approaches that had characterized
past efforts.
Since the 1990s, government agencies,

international organizations and local NGOs
recognized the need to collaborate (Hossain et al,
2006). The MACH project sought to establish
greater community participation through local
resource management institutions and unlike most
other initiatives, which focused only on building
consensus among fishers’ groups, the MACH
project distinctly identified all the groups which
depended on the wetlands (economically and
nutritionally) and impacted the resource. By
bringing divergent interests together, the project
increased the scope for negotiation and reduced
conflict. MACH targeted poorer groups, but
included local elites as well to ensure sustainability.
Another key to MACH’s success was that it
emphasized that conservation cannot be sustainably
achieved in the absence of livelihood security.
The critical challenge for theMACHproject was

to achieve these goals in ways that were socially
equitable, economically efficient and sustainable
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over the long term.The project focused on restoring
and then maintaining enhanced biodiversity and
production of floodplain habitats, taking into
account land, water, fish, vegetation, wildlife,
agriculture and other resources. Conservation and
management interventions were identified by the
local people and included a range of livelihood
priorities and concerns:

• the rehabilitation of degradedwater bodies and
restoration of water corridors, primarily to

create perennial habitats, essential for the
biological cycles of wetland plants and animals;

• the restoration of swamp forests with local tree
species, forest access and use rights to local
communities;

• the reduction of soil erosion and stabilizing of
river and stream banks;

• the restocking of locally threatened fish species
including restrictions on use of harmful fishing
gear and practices, and protection of migratory
birds;

• the creation of wetland sanctuaries with
community established regulations on access
and use of resources; and

• capacity building and financing to promote
alternative livelihoods for the resource poor, to
reduce pressure on wetlands resources.

The project area includes three large and distinct
wetland ecosystems (Figure 4.1), covering about
32,000 hectares and almost 700,000 people.
Collectively, these wetlands provided a
representative picture of the wetland habitats in
Bangladesh and the poor who depend on them (see
Table 4.1).

Approach

TheMACHproject was based on a holistic view of
the entire wetlands ecosystem and a co-
management approach with shared responsibilities
between diverse users and local institutions in
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Figure 4.1 TheMACH project area

Table 4.1 Characteristics of the three wetland ecosystems in the MACH project

Hail Haor Turag-Bangshi Kangsha-Malijhi

Characteristics Large, deeply flooded Typical low-lying Flashflood-prone basin
basin in northeast floodplain close to Dhaka system in Sherpur district
Bangladesh in central Bangladesh bordering the hills in India

Wet-season area (ha) 14,000 10,000 8,000
Dry-season area (ha) 3,000 700 900
Population 172,000 225,000 279,000
Number of villages 61 226 163
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determining and implementing norms and rules
relating to wetlands resource access, use and
conservation. Additionally, the project recognized
that there couldn’t be a blanket solution: project
staff considered the physical characteristics of the
wetlands, the settlement of communities around the
resource, pre-existing property rights (such as leases)
to the wetlands and the social characteristics of the
user, resulting in design and community
organization specific to different sites.
The key elements of the MACH approach

included:

• working with communities to build equitable
institutions for sustainable use of wetland
resources that represented all stakeholders;

• formally linking these organizations within the
existing local government system;

• building the capacity of institutions; and
• working through these institutions to identify
problems and solutions to restore and enhance
wetlands productivity and improve livelihoods.

USAID specifically required that ‘local
communities have direct control over the
management, utilization and benefits of local
resources’ (MACH, 2006). However, unlike
most community-based approaches, where
responsibilities formanagement lies largelywith the
community, co-management approaches seek to
develop vertical linkages between communities and
the government at the local, intermediate and
national levels. Achieving effective and sustainable
vertical linkages in the socioeconomic context of
Bangladesh required major changes in institutions,
organizations and attitudes.
To spur change,MACHemphasized developing

equitable local institutions and supporting changes
in attitudes and practices among users and local
government agencies. Given the range of
livelihoods practised, heterogeneity in poverty of
dependent populations, and the multiplicity of
actors and agencies responsible for regulating access
and use of resources, it was essential for the project

to enable flexibility in developing area-specific
programmes. This approach meant MACH was
process based, and demanded significant resources
and time, as well as requiring a higher level of
capacity building in field-based staff.
Wetlands stakeholders engaged in problem

identification, project planning, implementation,
management and monitoring. The adaptive, open
and flexible management approach enabled equity
by specifically targeting the needs and concerns of
the poorest in devising government-approved plans
with local stakeholders and implementing them
with the support of project staff and funds.
MACHhelped develop interacting organizations

that became the institutional basis for co-managed,
community-based organizations and local
government committees. Two types of community-
based organizations were formed: Resource
Management Organizations (RMOs) for resource
management purposes, andResourceUserGroups
(RUGs) for livelihood development. These groups
were then linked to local government through the
formation of Local Government Committees
(LGCs), which consisted of officials, elected
representatives and leaders from community-based
organizations. Emphasis was placed on making
these institutions self-reliant and self-sustaining,
and on establishing transparent procedures for
accountability.
The creation of institutional linkages between

community-based organization and local
government, coupled with development of a
common commitment towetlands restoration,were
important parts of the project. In particular, linkages
between line agencies (Upazila administration) and
elected local government (Union Parishad) through
formal government orders ensured legal
acknowledgement of these institutions and therefore
their effective functioning. Positive reforms in
wetlands use policies and practices stimulated an
efficient linking of local governmentwith organized
community-based organizations.
Significant time and flexibility allowed

organizations to develop and establish institutional
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relationships with relevant authorities, specific to
each location. For example, in each location,
management activities were not designed until the
second year of the project when communities and
local governments had collaboratively identified
problems and potential solutions. Finally,
stakeholders were not just given responsibilities to
plan or implement; they were involved in all steps
of the process including access to financial resources
and the creation of an enabling institutional
environment that allowed them to achievewhat they
had planned. This helped create ownership of the
project at both the community and local
government levels.

Ecosystem restoration and protection

Communities identified that restoration of the
wetlands included desilting water bodies,
reforestation, reintroduction of locally lost and
threatened fish species, sanctuary creation, and the
establishment of closed fishing seasons and fishery
norms (including changes in leasing of public
waters).
Three interconnected outcomes were desired –

ecosystem restoration, equity and social
empowerment, and economic development. In
addition, MACH enabled a planned phase-out of
project interventions, including technical and
financial support for satisfactory completion of
critical habitat restoration in project sites and
support for institutional outreach. This included
endowment funds transferred to relevant co-
management institutions to sustain management
activities.

Improvedmanagement of open-water resource

RMOs identified water bodies within their
respective wetlands management areas that were
strategic to fish breeding and had been affected by
siltation such that they could not support fish in the
dry season. To help restore thewetlands, canals and

low-lyingwater bodieswere re-excavated to improve
water flows andwater storage.During the course of
the four-year project,RMOsoversaw the excavation
work and managed contracts involving 46 hectares
of lakes and 30 kilometres of interlinking canals.

Reforestation to reduce erosion rates and future
siltationofwater bodies

RMOs identified that land reclamation for
agriculture had resulted in a rapid loss of native
swamp tree species, which increased erosion rates
and water-body siltation. One proposed solution
was reforestation initiatives to increase tree cover
and check soil erosion.Over 600,000 saplings of 56
species (48 native and eight domesticated exotic)
were planted over five years. Around 40 per cent of
the planted trees are expected to survive, resulting
in about a 20 per cent increase in tree cover. By
2021, the net value of these trees is estimated to be
about US$1.5 million, excluding potential
environmental benefits. Additionally, contourswere
built on ecologically fragile land tracts, with
commercial pineapple and other vegetation
cultivated for further strengthening.

Restockingof locally lost or threatened fish species

RMOs identified key native species whose
populations had declined. Project funds were used
to support the local Department of Fisheries offices
to restock about 1.2 million fish, mostly juveniles
belonging to 15 native species.

Wetland sanctuaries

One of the most important resource management
interventions was the establishment of 56 wetland
sanctuaries (covering 173hectares) byRMOswithin
the threewetland ecosystems.Most sanctuarieswere
created inwater bodies whereRMOs either had, or
were able to secure from the government, fishing
rights for five to ten years. These sanctuaries are now
part of the local management plans designed to
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restore fish catches. A few sanctuaries were directly
decreed by the Ministry of Land, following
proposalsmade byRMOs andMACHproject staff.
The Ministry of Land has permanently removed
these nationally important sanctuaries from the
government fisheries leasing system.
Sanctuaries range from less than one hectare to

over 100 hectares in size and retain water
throughout the year. In most sanctuaries, the
community has agreed to ban all fishing to allow
breeding and repopulation during the monsoon.
While the sanctuaries are primarily for restoring and
enhancing fisheries, they also benefit other aquatic
life includingwater birds and aquatic plants. This is
particularly the case in the large permanent
sanctuary established in Hail Haor that within two
years has attracted up to 7,000 wintering water
birds.

Controlled fishing in sanctuary sites andgrant of
water-use rights to the local community

The benefits from project supported physical
interventions often prove unsustainable, if they are
not complemented by policy and institutional
changes. In the case of the MACH project, some
resource conservation initiatives undertaken by the
RMOs catalysed significant institutional changes
relating to resource use and management. For
example, RMOs, in close consultation with local
fishers, enforced a two- to three-month fishing ban
in early monsoon season when fish breed, allowing
fish in the protected sanctuaries to repopulate the
floodplain. Destructive fishing practices were also
banned, including fishing techniques that closed off
channels or captured all fish including juveniles.
Water extractions from beels (lakes) for agriculture
were regulated in the dry, non-monsoon seasons, to
ensure maintenance of minimum water levels
required to support fish life.
A major political achievement was issuing

exclusive fishing rights to RMOs in some specific
areas for five to ten years by the Department of
Fisheries and Land. In addition, advocacy by local

authorities resulted in the Department of Fisheries
permanently recalling all private fishing leases in
some project areas.

Industrial pollutionmitigation

One of the biggest industrial clusters in Bangladesh
is located inKaliakoir, north of Dhaka, where there
are many textile dyeing factories. During
participatory planning processes, communities in
the Turag River floodplains reported that these
industries use the surroundingwetlands as a disposal
ground for untreated waste, which they believed
resulted in poor catches of bad smelling fish.
However, they lacked evidence to substantiate their
claim.
Through MACH, the community received

training and equipment to monitor water quality.
Regular monitoring revealed that water had
biological and chemical oxygen demandsmore than
four times higher than the national acceptable
standard. These water bodies also have seasonally
high pH levels and sulphide concentrations
averaging 50 per cent above the national acceptable
standard. MACH recommended that dyeing
industries install treatment plants and the results
were positive. One wastewater treatment plant has
been constructed and four more are under
construction. In spite of the efforts to mitigate
industrial pollution, the pollution problem is
worsening due to the increase in the number of
textile-related factories in the area, rising from20 to
80 in late 2005. If industrial pollution is not
mitigated, then all the other positive outcomes
resulting from the project will be jeopardized.

Economic outcomes

MACH’s economic benefits were related to
improved fisheries and wetlands productivity, as
well as alternative income-generation activities that
were designed to reduce pressure on wetlands
resources.
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Fishpopulationsmultiply, enhancing fishery
productivity and consumptionwithbenefits
maximized for localwetlandusers

Desilting a significant tract of water bodies within
each wetland ecosystem – coupled with
establishment of sanctuaries, stocking and
controlled fishing – had a significant impact on
fishery productivity. Within the project areas,
between 1999 and 2006, fish catches rose by 140 per
cent, consumption went up by 52 per cent, and
average daily household incomes increased by 33
per cent (Figure 4.2) (WRI, 2008). In all three areas,
fish consumption (Figure 4.3) was higher than
national averages in 2004. Local fishers in the
MACH project sites gained US$4.7 million from
higher catches in 2004 compared to incomes in

1999. Increases in income allowed RMOs to repay
sanctuary-related loans (Figure 4.4). Based on the
success of MACH, the Department of Fisheries is
replicating restocking programmes in non-project
areas.

Improved ecosystemhealth results inmultiple food
security and incomebenefits

Improved water management contributed to
restoration of locally important aquatic plants. In
the wetlands of Bangladesh, shingara has vital
ecological, nutritional and economic importance.
Plant stems and leaves serve as a sanctuary for
plankton, help improve water quality and produce
fruit that is eaten and sold locally. The plant also
serves as a veritable barrier to fishing, making
poaching in the sanctuaries more difficult (MACH,
2006).
In the Baila Beel in Jhenagathi Upazila

(Sherpur), once-plentiful shingara was significantly
impacted by extensive fishing, particularly by the use
of fine mesh drag nets that remove fish hatchlings
as well as aquatic plants. A 2006 MACH report
(MACH, 2006) stated that:

In six fish sanctuaries in the project area, the Shingara
plantmade a strong comeback, supporting the income
and nutrition of around 40 to 50 poor families who
collect daily four to five kgperhousehold. Shingara sells
at about 14 taka (US $0.2) per kg in local markets. In
2003, annual income from Shingara was about 7,000
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taka (about US $100) per family, a significant
contribution to the livelihoods of poor households.

In addition, amid-winterwaterbird census in the
Baikka Beel showed a significant increase in
waterbird species (Figure 4.5).

Reforestation createsmultiple environmental
benefits andagro-economic gains

Reforestation and contour planting have resulted in
reduced run-off and erosion rates and improved soil
density and fertility for farmers. With community
monitoring, approximately 45 per cent of the newly
planted trees have survived, and it is estimated that
by 2021 the economic value of the trees will be
US$4 million. Local communities retain exclusive
rights to these proceeds and, with the assistance of
theMACHproject, communities have developed a
plan for a sustainable tree-harvesting programme.

Alternative and enhanced livelihoods for poor
wetlandusers

Poor wetland users were willing to implement the
restoration plan because sound mechanisms were
established to compensate for the loss of livelihood
and income security associated controlled fishing
and other protection activities. From the start,
MACH recognized that controls on fishing –
essential to reviving the productivity of wetland

fisheries – would critically impact poor fishers and
soMACHpromoted alternative income-generating
opportunities.
In addition, since the inception of the project,

over 5,500 of the poorest wetland resource users
joined savings and credit groups through RUGs.
Most of these households lived in villages close to
the wetlands. Over 85 per cent of RUGhouseholds
have historically depended on fishing or collecting
other wetland resources for income or food and
many possessed few or no assets.
Following local NGO practices for credit and

savings programmes in Bangladesh, one person per
household was permitted membership to a RUG.
Members identified alternative livelihood
opportunities and received loans on the basis of
their saving records. Loans for specific enterprises
were complemented with business and enterprise
skill development training.Typical enterprises in the
project areas include raising poultry and livestock,
small shops, tailoring and tree nurseries. Over 30
per cent of members taking loans were women.
By 2005, households engaged in alternative

income-generating activities had reduced their
fishing effort by an estimated 20 to 30 per cent and
increased their average annual income by 65 per
cent compared to pre-project levels, amounting to
US$0.8 million from new enterprises. A benefit–
cost analysis of theMACHproject, which included
the value of increased fish catches, alternative
income generating activities, trees and contour
pineapple cultivation, showed a benefit–cost ratio
of 4.7 and internal rate of return of 56 per cent
(MACH, 2006).

Equity and empowerment outcomes

Given the history of elite capture of common
property resources, the emphasis was on inclusion
of the poorest. The project enabled sensitive
negotiations between poor resource users, local
government agencies, and local elites and other
actors to ensure sustainability. Through this process,
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poor wetland users were provided with a legitimate
place and voice in the project planning,
management and implementation process. The
motivation of the local communities tomonitor and
regulate conservation was high, given that these
were self-developed plans, and that alternative
economic options were in place to mitigate income
and food security needs.

Emphasis on real participationbyall stakeholders
led to outcomes thatweremore equitable,
efficient and effective

Participatory planning took different forms in
different areas, but the primary goal was to engage
all stakeholders in understanding the long-term
consequences of environment degradation and to
identify viable solutions for wetlands conservation.
Workshops and discussions were heldwith different
stakeholders (fishers, farmers and other), and
separate discussions were conducted with the
poorest and women in all groups. Mohammed
Nuruzzaman, chair of the Bilasha RMO, says that
‘Now we meet face to face with the officials and
councillors, who listen to us and try to solve our
problems. Now we have a status in the community,
given this recognition from the administration’
(MACH, 2006).
Resource conservation and restoration plans

were identified collectively andwere translated into
implementation agendas byRMOs, in consultation
and agreement with local elected councillors and
government departments. During this process, it
was evident that several interventions would be in
conflict with existing livelihood practices of local
communities. These included restrictions on
practices such as intensive year-round fishing,
clearing of water bodies for agricultural production,
and water extractions for irrigation in dry months.
To enable local households to overcome these
livelihood problems, alternate economic activities,
such as small-scale enterprises, livestock and poultry
rearing,were promoted by the project. Interventions
were targeted to the poorest households – those

owning little or no land, and therefore critically
dependent on wetlands resource use. Funds were
provided through revolving fund mechanisms, and
skills- and capacity-building initiatives were
undertaken.

Reversal of fishing rights to local fishers

A notable example of the empowerment of poor
local communities was the transfer of fishing rights
to local fishers inHailHaor. Prior toMACH, fishing
rights were leased to private investors and middle
men by the Department of Fisheries in Hail Haor.
Tomaximize their income, private leaseholders seek
tomaximize short-term catches impacting on long-
term sustainability of local fisheries. As a result of
MACH, RMOs successfully advocated for fishing
rights, and they have been restored to many local
communities, especially in areas where the RMOs
have been persistent and vocal.

Will economic and social outcomes be
sustained over time?

A number of factors suggest that the achievements
of the MACH project will be sustained within the
project areas, and will possibly be replicated
elsewhere.
There is evidence of increased awareness

regarding the value and benefits of community-led
resource conservation among local communities.
An independent assessment in 2006 identified that
over 92 per cent of direct project participants and
around 80 per cent of the general village
community were aware of RMO and RUG
activities and objectives. Another critical indicator
for sustained adoption of community-designed best
practices was the community enforcement on
fishing restrictions and use of inappropriate fishing
gear and fishing in peak breeding seasons.Over 100
villages in the MACH areas and an additional 120
villages in non-project villages had adopted and
regulated these practices.
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Independent surveys identified that in project
areas, conservation interventions were viable
because the Alternative Income Generation (AIG)
initiatives had consistently improved daily incomes
(45 to 50 per cent gain) for RUG members after
three ormore years of programme support. Also 46
per cent of people adopting a new livelihood
strategy had been supported by appropriate
training. While more than 50 per cent of RUG
members had taken loans for AIG, assessments also
identified that competing priorities in the face of
poverty can result in the use of AIG credit for non-
AIG purposes. However, in all three project sites,
the poorest households reported an increase in
supplemental income and reduced reliance on
fishing both in peak and lean seasons.
MACHwas also able to catalyse policy reform at

the national level, indicating political commitment
to sustaining these changes. For example, MACH
RMOs have obtained perpetual resource use rights
(at no revenue fee) from the Ministry of Land in
eight significant project site areas, now designated
as permanent sanctuaries, and several critical water
bodies in the MACH sites have been leased out to
RMOs for up to ten years by theMinistry of Land.
RMOs and Upazila Fisheries Committees have
authorization from the Ministry of Fisheries and
Livestock to function as legal entities, with
significant decision-making rights at the local level.
As stated above, the MACH project established

endowment funds to support two critical initiatives:
alternative income-generating activities through
revolving microfinance for RUG members, and
support of management activities of RMOs. A
number of other activities indicate that community
mobilization has enabled empowerment and set the
foundation for long-term sustainability. One such
activity has been the active and vocal lobbying by
RMOs against industrial pollution problems in the
Turag–Bangshi near Dhaka. Since they learned
skills and procured equipment tomonitor thewater
quality in the Turag River and the interconnected
lakes, the community groups have consistently used
the resulting evidence to press government

departments and industries for adopting and
enforcing sound effluent-treatment practices. Their
concern and activism has been picked up by
numerous civil society groups, including theMACH
team, the UK Department for International
Development and the European Union, who have
raised these issues at the national level.

Lessons learned

As highlighted earlier, the wetlands of Bangladesh
play an important role in the country’s water
resource management system. From the point of
view of this book, therefore, the most important
aspect of the MACH project is that it adopted an
integrated approach to prevent and if possible
reverse the degradation of these wetlands.
The integrated approach adopted by theMACH

project was very broad based in that it covered both
land and water resources, institutional as well as
infrastructural interventions, and vertical as well as
horizontal linkages. Some of the specific lessons
learned about the approach include the following:

• The importance of a holistic vision.
MACHdid not look at fisheriesmanagement or
water management or land management, but
how to manage wetlands as a landscape – one
which is shaped by diverse biophysical, social
and economic processes. This could only be
done through amultifaceted,multi-disciplinary,
multi-sectoral approach.

• Co-management involves shared
responsibilities and inclusiveness. The
MACH project demonstrates the multiple
benefits of investing in communitymobilization,
capacity building of local groups and the
creation of enabling environments for sustained
functioning. For community organizations to
function effectively, space and time needs to be
allocated for a diverse range of stakeholders to
collectively identify problems and develop
solutions. For co-management towork, effective

56 INTEGRATED WATER RESOURCES MANAGEMENT IN PRACTICE

04c-Integrated Water 045-058  9/2/09  15:08  Page 56



working relationships need to be developed
between key stakeholders and government
departments.

• Participatory approaches should focus
on providing all stakeholders with an
equal opportunity to participate.MACH
worked with all the stakeholders, from local
community fishermen, businesses, the poor and
elite, local government, district government, to
national-level ministries. Taking into account
the priorities of both the poor and the local elite
helped minimize risks of sabotage and poor
governance. At the same time, the project focus
on equity ensured that the poorest were targeted
– through affirmative interventions and
disproportional benefits. Without a concerted
effort to build institutions that empower the
poor, themajority of people living in poverty do
not have bargaining power and do not
understand their rights.

• Involving women continues to present
difficult challenges, even under
favourable institutional environments.
A key drawback of the project has been the
difficulty in making local organizations
accessible and relevant to women. For example,
independent surveys identified that while
women RUG members had found the training
useful, only a small number were able to apply
that training to improve their incomes. Local
cultural biases which serve to isolate women
from public processes, including adoption of
new livelihood strategies, require significant
interventions.

• Anadaptivedesign, implementation and
management approach which draws up
activities as needs became apparent is
required. In the MACH project, wetland
resource management plans were adapted,
reviewed and approved on an annual basis
according to new information and the previous
year’s experiences. Other examples include
designing and implementing a public
communications and awareness strategy, tree

planting to reduce erosion, pineapple contour
cultivation to reduce soil erosion, and adding a
pollution abatement component to the project.
Adaptive management allows for learning by
doing, and openly discussing and solving
challenges and constraints.

• Creating an environment for local
champions to emerge. Through open,
flexible and participatory planning and
implementation processes, theMACH initiative
enabled the emergence of local champions, who
advocated and helped achieve significant equity
and environmental gains. Their commitment
has resulted in certain aspects of the programme
self-replicating beyond the project boundaries.

• Equity, environment and economic
efficiency are not always in competition
with one another. The analysis of outcomes
from the MACH project suggests that equity,
environment conservation and economic gains
are not always conflicting goals, but can be
achieved simultaneously.

In addition, the MACH story illustrates the
importance of effective documentation and
monitoring. However, in providing evidence of
MACH experiences and outcomes based on
programme and independent assessments, it is
important to note that, in the absence of historical
data trends as well as multiplicity of development
interventions in the programme sites, several
outcomes may not be directly attributable to the
MACH project. While results to date look
promising, assessment of sustainability must be
considered over a long time frame. Risks to
sustainability of programme interventions as
identified by project staff include the following:

• Despite coordination and uniform strategies for
conservation, individual projects continue to
operate guided largely by specific programme
and donor requirements, often presenting
conflicting options and strategies for local
communities and government authorities.
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• Despite policy reform, institutional memory of
programme interventions and objectives at the
local government department levels is often
restricted to individual staff members. Frequent
staff transfers present a formidable loss of project-
generated awareness and capacity building.

• Donor priorities change and commitment is
often not consistent to the depth and degree of
time and resource investments required to
achieve sustained impact at the national and
local levels.

• The cost of the intensive engagement (US$14
million for 25,000 hectares) may not be
replicable on a larger scale.

While these difficulties are real and it is too early
to provide definitive answers, MACH project staff
are confident that project practices established
through institutional reform will continue. RMOs
are permanent participants in the fishing planning
process in local offices of the Department of
Fisheries. The Upazila Fisheries Committees meet
four times a year to discuss fishing plans and
priorities. The Government of Bangladesh has
formally recognized the Upazila Fisheries
Committee instituted under MACH, and granted
them the right to undertake all wetlands
development work in the region. Local officials are
hopeful that this processwill be amodel forwetlands
management in all of Bangladesh.
Finally, the MACH story also provides some

insights into the thorny question of upscaling pilot
project results. Current results appear to have led
to several concrete governance changes and
replication in non-project areas. In particular, it
appears that some key elements of MACH’s
approach have been adopted by theGovernment of
Bangladesh in other fishing areas and in a pilot
programme for community-led management of
protected forest areas. In addition, MACH’s co-
management model has been adopted in
Bangladesh’s new InlandCapture Fisheries Strategy
reversing the decades old policy of centralized
control over the floodplains (WRI, 2008).

Note

1. The authors are on the staff of Winrock International,
which devised the institutional arrangements for the
project described in this chapter andwas also involved
in its management.
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5
Should SalmonRoamFree? DamRemoval
on the Lower Snake River
Peter Rogers

The Snake River is a major tributary of the Columbia River in the United States. It flows from its source in Yellowstone National
Park through the states of Wyoming, Idaho, Oregon and Washington. Many dams were built on the Snake River during the
20th century to provide hydropower, irrigation and navigation to fuel the region’s economic development. But that economic
development – the dominant priority at the time – has come at the expense of the river’s salmon population, which has declined
dramatically.

Now the salmon are fighting back, or rather numerous individuals and interest groups are fighting on their behalf to tear
down four large dams on the lower Snake River. The efforts to resolve the conflict between the different social, economic and
environmental priorities and interests involved are on-going. While the various studies, negotiations and consultations may have
marginally improved things for the salmon, the dams still stand and the battle continues in the courts.

This case shows that the way water is managed must change to reflect evolving priorities, as well as shifts in the institutional
and external environment. It also shows that such changes are not easy and they do not happen overnight. The case also highlights
the importance of an effective legal framework to help achieve a balance among competing priorities when consensus cannot be
reached.

05c-Integrated Water 059-070  6/2/09  11:42  Page 59



60 INTEGRATED WATER RESOURCES MANAGEMENT IN PRACTICE

Source: US Army Corp of Engineers, 2002: 3

Figure 5.1 Map of the Snake and Columbia Rivers
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From industrial to post-industrial priorities in
themanagement of the Snake River: the
water challenge

As societies develop, priorities change. Poorer
societies emphasize building industry, creating jobs
and expanding the economy; wealthier societies
may develop different priorities. It is not that simple,
however, with basin development. Many of those
who benefit directly from basin development are
relatively content with the status quo; the pressure
to change priorities often comes from people and
groupswho are not the direct beneficiaries, andwho
may even live outside of the basin. The case of the
salmon fisheries on the Snake River demonstrates
how difficult accommodating these new priorities

can be, especially when it involves tradeoffs with
existing beneficiaries.
The Snake River (see Figure 5.1) is typical of many
NorthAmerican rivers.Over the second half of the
20th century, it has been extensively developed.
Now questions are being asked about the current
management regime’s environmental sustainability,
specifically about the detrimental impact on the
salmon, a federally listed endangered species.
Environmental issues always concerned the
planners, developers and water infrastructure
managers, but other social and economic goals were
higher on both their agenda and the public’s. Now
that many of those goals have been achieved and
the environmental movement has grown stronger,
the question has become how to achieve a balance
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among conflicting environmental, social and
economic uses – the core IWRM question.
Does this new conflict mean that an IWRM

approach was missing before? This author would
argue no. Since the 1930s the Columbia River
system’s managers have tried to integrate different
water uses. Even if that multiple use approach was
not dignifiedwith thename IWRM, it lay behind the
building of Grand Coulee Dam, the system’s first,
which was finished in 1942. It was the expansion of
the dam structure to include multiple uses that
brought Federal andState funding into the system in
the first place.Ecological flows and salmon runswere
not part of the original discussion. Still, integrating
multiple uses was a fundamental premise of the
original planning.What this chapter addresses is not
the role of IWRM in basin planning and
management, but rather how an IWRM approach
canhelp in adaptation to newconditions, in this case
the newer emphasis on environmental concerns.

Developing the basin

Developing a river basin can harm its fish.Certainly
the decline and disappearance of salmon from the
Columbia River is not in dispute. The Columbia’s
was once one of the greatest salmon runs in the
world, with as many as 15 million adult salmon
returning to spawn each year. Current runs are only
one-tenth of that (Meadows, 2004). Salmon are
harmed by dams which block their passage, cause
habitat loss and degradation and diminish water
quality. As a result, 26 of the Pacific salmon stocks
are federally listed as threatened or endangered.
Although there are 24 large dams on the Columbia
River and its main tributaries, the biggest
controversy centres on the Snake River (Meadows,
2004), which once produced 40 per cent of the
Columbia salmon run and where fishing interests
claim that 90 per cent of the fish are now killed. In
2001 there was a call for breaching the four federal
dams on the lower Snake River.
The Columbia River basin is home to extensive

timber, irrigated agriculture and mining industries

as well as major aerospace and, more recently,
information-technology companies. Even though
the Federal government in the 1930s supported the
Columbia Basin development project as a
‘conservation’ activity, it was thinking of natural
resource conservation, not broader environmental
and ecological concerns. The reality is that the
original priority was to exploit the natural
resources; the dams were built to generate
hydropower for the expanding industries and to
create a 140-mile-long barge system. Since the
1960s there has been a growing concern
nationwide about the need to protect, sustain and
enjoy the natural environment, a concern reflected
in national environmental legislation.

Dammed if you do, dammed if you don’t

Between 1960 and 1975, four damswere built along
the Snake River’s lower reaches. Moving upstream
they are Ice Harbor, Lower Monumental, Little
Goose and Lower Granite. Figure 5.1 shows their
location and Table 5.1 outlines certain technical
details. These four dams provide important benefits.
They generate over 3,000 megawatts of peaking
power, provide transport for 3.8 million tonnes of
freight including more than 40 per cent of the
region’s grain exports, and supply water for
agriculture and municipal use.
However, the dams have also had a negative

impact on fish stocks not only in the river, but also
in the Pacific Ocean since the Snake River is an
important spawning ground for salmon. The dams’
ocean impact has recently spread to Puget Sound’s
killer whales, also federally listed as ‘endangered’,
which feed on migrating salmon. When studies by
the National Marine Fisheries Service in 1995
(NMFS, 1995a,b) suggested that the interruption of
the spawning run was endangering a number of
varieties of salmon (on theEndangered Species List)
as well as other species, it was decided that action
had to be taken. Besides programmes to breed and
seed hatchlings, options to help the salmon get
around the dams, such as fish ladders and trucking
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the juveniles downstream, were considered, as was
removing the dams.
The difficulties of integrating salmon into an

engineered river like the Snake are exacerbated by
the sheer complexity of the life and breeding cycle
of the animal. Figure 5.2 hints at this complexity
and why dams are a problem for salmonmigration.
Without fish ladders or other forms of fish transport
around the dams, the salmon are blocked from
returning to their original spawning grounds. And
the vagaries of turbulence and turbine kills make it
harder for fish to get safely down the rivers to the
ocean to repeat the cycle. This sketch also does not
show the complex symbiotic relationship between
the salmon and the killer whales of Puget Sound.

The approach to resolving conflicts

One cannot really understand river basin
management in the USA without also
understanding American federalism. The states
have sovereignty over water and real economic and
political power.The negotiations among the Federal
government agencies – as assessed around different
uses – result in a variety of cost-sharing
arrangements among Federal, state, local and other
entities. This negotiating system is really built from
the bottom up; however, the current regulatory
approach is really a Federal top-down approach.
While an IWRM approach generally entails
decentralization to the lowest appropriate levels (see

SHOULD SALMON ROAM FREE? DAM REMOVAL ON THE LOWER SNAKE RIVER 63

Table 5.1 Technical details: four Snake River dams

Ice Harbor Dam Lower Little Goose Lower Granite
Monumental Dam Dam
Dam

Location (miles from 10 42 70 107
confluence with
Columbia river)

Year placed in service 1961 1969 1970 1975

Area of Corps-managed
land (acres) 4,000+ 9,100+ 4,800+ 9,200+

Length of reservoir 31.9 28.7 37.2 39.9
(miles)

Power generation Three 90-MW and Six 135-MW Six 135-MW Six 135-MW
characteristics three 110-MW generators generators generators

generators

Navigation lock 90-foot-high, 100-foot-high, 100-foot-high, 100-foot-high,
characteristics 86-foot-wide single- 86-foot-wide single- 86-foot-wide single- 86-foot-wide single-

lift navigation lock lift navigational lock lift navigational lock lift navigational lock

Number of spillbays 10 8 8 8

Benefits Power, recreation Power, recreation Power, recreation Power, recreation
areas, navigation areas, navigation areas, navigation areas, navigation
lock, wildlife habitat lock, wildlife habitat lock, wildlife habitat lock, wildlife habitat
areas, irrigation, areas, irrigation, areas, irrigation, areas, fish passage
fish passage and fish passage and fish passage and and port facilities,
port facilities port facilities port facilities municipal and

industrial pump
stations, port facilities

Source: US Army Corp of Engineers, 2002: 11
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Chapter 1), the American federalist system starts
from the very bottomup and asks howmuchFederal
power can be appropriate, not the other way
around. The original basin development was based
upon planning begun in the early 1920s. Since the
late 1970s there has been a shift in emphasis in the
USA towards regulation based on several strong
Federal water laws, rather than bottom-up, plan-
based regulation. This shift also means that
institutional structures have to evolve in step with
the newer regulatory approach.
While the Snake River dams were being

completed, a major legislative event affecting all
water projects occurred – the passage of the
Endangered Species Act (ESA) of 1973. Its passage
was mostly overlooked by water managers and few
realized at the time just how important the ESA
would prove to be for water development in the
USA. It has essentially provided a veto over
developingwater projects inmany parts of theUSA,
since every water project has major impacts on
fisheries and habitat. It has also sparked major
scientific fights as to how precisely to define
‘endangered’ and ‘threatened’ species.
The ESA’s purpose is to protect species and the

ecosystems upon which they depend. The ESA
forbids Federal agencies from authorizing, funding
or carrying out actions that may jeopardize the
continued existence of endangered or threatened
species. It also forbids any government agency,
corporation or citizen from harming, harassing or
killing endangered animals without a permit.
Moreover, once a species is listed as endangered or
threatened, the ESA also requires that critical
habitat be designated for it. Federal agencies are
forbidden fromauthorizing, funding or carrying out
actions thatmay destroy or adverselymodify critical
habitat. The ESA is administered by two Federal
agencies, the Fish and Wildlife Service of the
Department of the Interior and the National
Marine Fisheries Service (NMFS) of the National
Oceanic and Atmospheric Administration. It
contains a citizen-suit clause that allows citizens to
sue the government to enforce the law.

The ESA brings into sharp focus the need for
water planningandmanagement to adapt to changes
in the physical, economic and cultural environment.
Much of the US water infrastructure was planned
when multiple goals were much simpler: economic
development of backward regions and provision of
hydropower, navigation, irrigation and domestic
water supplies. More recent concerns require these
same existing systems to cope with new additional
goals: recreational needs, in-stream water quality,
protection of wetlands and river ecosystems, in
particular habitat protection for endangered species.
Applying these concerns retroactively to existing
management systems, such as the Snake River’s,
means having to give up some significant fraction of
the existing benefits. If the USA were starting from
scratch, higher levels of system integrationmight be
achieved. But in the USA there are fewer and fewer
new river basin projects andmore andmore need to
adjust the existing systems tonewrealities.An IWRM
approach in this context shouldaim tohelpmanagers
of existing systems adapt to these new realities.
Prompted by citizens’ suits brought under the

ESA concerningColumbiaRiverChinook Salmon
(fall runs), whichwere listed as ‘endangered’ in 1993,
a major programme of studies and consultations
involving Federal and state governments as well as
environmental and fishing organizations has been
underway since 1995. InDecember 2006, the draft
of the Snake River Salmon Recovery Plan was
submitted to NMFS. The proposed plan included
several options for mitigating impacts on the
salmon, but ignored a Federal judge’s 2004 order
that NMFS consider removing all four dams, if
necessary, to meet the ESA’s requirements.

Analysis of alternatives

Manyoptions have been considered in analysing the
question of salmon and dam removal on the lower
Snake River. These included a continuation of the
transport of young salmon by truck and barge, and
the following four alternative development scenarios:
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Alternative 1was the ‘Do nothing’, or the status quo
option; Alternative 2 entailed ‘Maximize transport
of juvenile salmon’; Alternative 3 involved ‘Adaptive
migration using major system improvements’; and
Alternative 4 entailed removing the dams altogether
or ‘dam removal/dam breaching’. A cost–benefit
analysis by theUSArmyCorps of Engineers (2002)
was then carried out on each alternative.Maximum
transport of juvenile salmon (Alternative 2) was the
most preferred; removing the dams (Alternative 4)
the least preferred.
According to the Corps of Engineers, lost

hydropower benefits (US$271million annually) was
perhaps the largest negative impact of removing of
the dams. On the positive side the Corps of
Engineers estimated an increased benefit from
recreation (US$71million annually) even though if
the dams were removed most existing recreation
sites, visited by 2 million people each year, would
have to be closed during the dam removal or
undergo major modification. The impact on
agriculture of removing the dams was found to be
relatively small – about 2,300 permanent job losses
in the region – reflecting a developed economy in
which the economic role of farming is limited.
Not to be intimidated by theCorps of Engineers,

a consortium of NGOs led by Save Our Wild
Salmon (SOS) – a coalition of businesses,
conservation organizations, commercial and sport-
fishing groups and taxpayers’ associations –
produced its own economic evaluation of dam
removal on the lower Snake River (SOS, 2005). It
concluded: ‘Dam removal will save taxpayers and
Northwest rate payers between $2 billion and $5
billion over 20 years and will also generate at least
$9 billion in new revenue.’
One wonders how two such radically conflicting

conclusions could emerge from studies carried out
on the same system. The discrepancies between the
studies appear to lie in the SOS report’s focus on
costs, in particular the estimated cost (US$7.8–9.1
billion) of the 2004 Federal Columbia and Snake
River Salmon Plan. TheCorps of Engineers’ study
implies that by modifying the system it will be

possible to meet the requirements of the 2004
Federal Plan without dam removal.
In 2007 the Northwest Power and Conservation

Council’s Independent Economic Analysis Board
(IEAB), which advises the Council on difficult
economic issues associated with its fish and wildlife
programme, joined the debate.While not endorsing
all of theCorps of Engineers’ conclusions, the IEAB
was sharply critical of the SOS report, finding fault
with it on several factual andmethodological points.
The IEAB report essentially confirms the Corps of
Engineers’ economic analysis. This was later
reinforced by theBonneville PowerAdministration’s
(2007a,b) fact sheets on dam removal. This
discussion appears to have clarified the economic
analysis, while pointing out that the final decisions
about survival of salmon on the SnakeRiver are not
likely to be determined solely by economic
calculations, or mitigation activities taken on the
river. The founder of an organization called Save
OurDamswryly commented: ‘For every ten salmon
returning to spawn, six are taken by ocean harvest.
Only in the United States can you buy an
endangered species for $2 a pound, continue to
commercially harvest them while at the same time
spend $1 billion per year to save them’ (Meadows,
2004: 5).
At this stage, legal and institutional arguments

have come to the fore. The revised Draft Snake
River SalmonRecovery Plan (SRSRP, 2006) reports
on the proposed government actions and the
citizens’ responses through an elaborate public
participation effort. The Revised Plan itself is no
more than a listing of mitigation actions tomeet the
specified goals. It does not recommend removing
the dams.

Reconciling economic, equity and
environmental objectives

In evaluating the alternatives, the Corps of
Engineers measured economic efficiency with a
cost–benefit methodology. It put no price on the
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value of protecting an endangered species, but
sought only to determine themost cost-efficient way
to achieve that goal. The Corps of Engineers’
analysis highlighted the economic consequences of
restricting the other uses of the river. The SOS study
(2005), taking an opposite approach to efficient
resource use, insisted on meeting, at great cost, the
2004 Federal Plan.
Social considerations were also addressed in the

two analyses. A key concern was to understand the
impact that proposed water management changes
would have on employment. Again, there was a
huge discrepancy between the Corps of Engineers’
estimate of 2,300 job losses under the dam removal
option compared to SOS’s quoted figure of 15,000
job gains.
Notwithstanding the social and economic

objectives, the main goal of the process was to find
ways to reconcile the environmental needs of the
endangered salmon with the other uses of the river.
At the time of this chapter’s writing (February 2008),
no final resolution of the conflict has been reached.

Plans, plans and more plans

The effort to develop proposals for a way forward
on the Snake River highlights the complexity of
water management for such intensively used rivers.
The process considered all significant water-based
activities. It provided a framework to evaluate the
impact of policy and management options. It
suggested that if all sectors worked together
compromises could be achieved that largelymet the
needs of all. However, the process also highlighted
the indispensable role of the courts in achieving a
balance where consensus cannot be reached – a
reminder that IWRMis a governance approach that
depends on an effective legal framework to be
successful.
The process is still very much under way. Fish

numbers appear to have improved thanks to
mitigationmeasures such as altering the dams in the
1980s to better accommodate fish passage, and
transporting young salmon around the dams. The

conclusion reached in Washington State’s Salmon
Recovery Plan (SRSRB, 2006) was that the best
approach would be to manage the dams in a
manner that would help the salmon to migrate,
while allowing the other activities to continue.
Washington State’s plan relied on habitat andminor
fish-passage improvements and did not recommend
removing any dams. However, this approach was
contested in 2005, when a Federal judge threw out
the 2004 Federal Columbia River Power System
Plan governing Federal dam operations on the
Columbia and lower Snake Rivers. That plan,
according to the judge, failed to adequately address
recovery of endangered salmon and steelhead
including the removal of the four dams on the lower
SnakeRiver.He termed the ‘BiologicalOpinion’ on
which the plan was based as ‘arbitrary, capricious
and contrary to law’. As a result, the plan was
remanded and is currently being redrafted. In a
letter of 7 December 2007 the same judge
excoriated the Federal agencies for not following his
previous instructions, saying: ‘It appears that the
Federal Defendants have abandoned the
Conceptual Framework they committed to during
the early phases of this remand.’Despite the judge’s
opinion, at the time of writing in early 2008, it looks
as though the dams will stay and the salmon will
roam less than free (Redden, 2007: 3).

Lessons learned

Inmany senses, the story of the SnakeRiver foretells
the future of water resources management. As
societies achieve new levels of development and
begin to look to different priorities, theymust review
anew how and why we manage our water. The
management of the Snake River embodies some of
the most complex issues encountered in applying
IWRM principles: Federal and state government
laws, regulations, agency policies, national and
international treaties (betweenCanada and theUSA
and between the USA and the Indian Tribes), large
and powerful NGOs fighting established industrial
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and commercial interests, water-quality as well as
water-quantity issues, navigation, irrigation, water
supply, and conflicts among rational economic
calculations and subjective qualitative biological
assessment. All of this is to be accomplished against
a background of changing demographics, changing
cultural values and new interests.
The title of this chapter is provocative, and it was

meant to be. It highlights the conflicts between
human needs and ecosystem needs. At one level, the
only moral choice offered here is to pull down the
dams and ‘let the salmon roam free’. In theory a
comprehensive, unified IWRMapproach toproblem
solving is desirable (everything is connected to
everything else); but in practice such an IWRM
approachneeds togobeyond simplybeingdescriptive
or a way of thinking. Instead, the approach needs to
include prescriptive procedures for deciding and
acting. Some intractable disputes will have to be
resolved through legal mechanisms, which must be
designed to reinforce and support goodpractice. Still,
there also must be more give and take among
legislative regulations and on-the-ground economic
activities. It is not clear, however, how that increased
give and take can be achieved under a regulatory
approach rather than a planning approach.
Regulations by themselves set up conflicting
relationships among the parties rather than
facilitating negotiations and tradeoffs among them.
Given the litigiousnature of theUSAand the rigidity
of the regulations, there is little hope for harmonious
resolution of the perceptions of public interest.
In the case of managing any river basin in the

USA, however, there are numerous external
constraints – Federal legislation, state laws and
regulatory administrative procedureswhich provide
numerous avenues for veto power bywell-organized
interest groups enabled by legislation like ESA
(Stakhiv, 2007). In this context IWRM needs to go
beyond being a suitable vehicle for fact-finding,
assessment, and formulating and evaluating options.
Binding decisions require an institution with the
authority to challenge and cut through the
accumulation of overlapping rules, procedures,

regulations and conventional practices. Even the
International Joint Commission, which manages
water disputes between Canada and the USA and
operates under a long-standing bilateral agreement,
has difficulties enforcing its decisions.
The dam-removal issue in the USA is a messy

one, tangled up in the Endangered Species Act, the
prohibitive costs of taking dams down, and the
negative environmental impacts of such a decision.
As it turns out, those costs can far outweigh the ben-
efits, particularly when the costs of recapitalizing
replacement energy sources are taken into account.
Small, run-of-the-river dams are not a problem; the
Corps of Engineers has takenmany down since the
1980s. However, projects with 120 million cubic
metres or more will typically entail major conflicts
among users and uses. The issue of removing the
dams from the lower SnakeRiver is not yet resolved.
If it happens, it will be a decision enforced by the
courts relying on ESA, demonstrating very clearly
the importance of an effective legal framework to
help achieve a balance among competing priorities
as these evolve over time.
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6
Better Rural Livelihoods through Improved
IrrigationManagement: Office duNiger (Mali)

Boucabar Barry, Regassa E. Namara and Akiça Bahri

In many parts of the world, improving rural livelihoods and incomes means transforming the way in which agricultural
water is managed. Mali is a case in point. The Office du Niger, formed in the 1930s as a centralized public enterprise to
produce irrigated cotton and rice, has been significantly revamped since the 1990s. The result has been dramatic gains in
rice production and farm incomes, and reductions in rural poverty. The case shows that changing agricultural water
management requires a supportive macro-policy environment, and appropriate institutional changes and infrastructural
investments. Equally important, it shows that those reforms may need to precede improvements in water management.
Moreover, in aid-dependent low-income countries reform cannot occur unless both government and donors concur on the
need for change. Finally, the case drives home that improving water management is a continuing process; gains to date in
economic efficiency and (to a lesser extent) equity in the Office du Niger now need to be matched by improvements in
environmental sustainability.
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Figure 6.1 The irrigated schemes of the Office du Niger
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Water, agriculture and development inMali

In 1925, a vast fossilized inland delta composed of
alluvial soils well suited for gravity irrigation was
identified betweenSegou andTimbuktu. Soon after,
French colonial authorities established theOffice du
Niger in 1932 as an autonomous public enterprise
for cotton-fibre production to reduce the French
textile industry’s dependence on imports, and to
grow rice for French colonies in the Sahelian and
Saharan regions. The planwas to develop the entire
delta’s 1million hectare irrigation potential over 50
years. But 70 years later, just 7 per cent of that
potential had been developed (Aw and Diemer,
2005).
The Office du Niger refers to both the 77,440

hectare irrigation scheme (see Figure 6.1) and the
organization that controls it. It is in the heart of
Mali, on the left bank of the Niger River. Rainfall
in the Office du Niger ranges from 450 to 600 mm
per year. Given Mali’s arid to semi-arid climate,
farmers and the 50 per cent of the country’s GDP
that depends on agriculture are extremely
vulnerable to drought. The importance of the
Office du Niger was highlighted by the major
droughts in 1972–1974 and 1983–1984.
TheOffice duNiger had complex problems from

the outset and its performance was disappointing.
Bankruptcy nearly led to its complete dissolution in
the late 1970s. In the 1980s a third of the developed
area was abandoned as poor drainage and
maintenance degraded the infrastructure and
invasive weeds andwild rice spread. Average paddy
yield declined from 2.5 to 1.5 tonnes per hectare
(rice having replaced cotton production at the
beginning of the 1970s).
The causes for the scheme’s decay and falling

productivity included inefficient water control,
absence of production incentives for farmers, a very
expensive bureaucracy and heavy reliance on state
subsidies. Farmers were forced to sell their paddy to
the Office du Niger, which enjoyed a monopoly on
marketing andmilling. Farmprices were low.Many
farmers were unable or unwilling to pay the water

fee. Fee income fell short of what was needed to
maintain and operate the canals. In addition,
numerous staff were engaged in rent-seeking.
In the early years, theOffice duNiger controlled

nearly all the goods and services within its realm; it
was responsible for everything from surveying and
developing land to building and operating health
clinics and running literacy courses. This vertical
integration was useful when the scheme was being
built, because the Niger’s interior delta was nearly
uninhabited. Once roads and towns were built,
however, vertical integration became a source of
inefficiency and lack of accountability. Not
surprisingly, during this period there was no
involvement of stakeholders, little consideration of
users’ multiple needs for water, no attention to
sustainable management and no recognition that
water is a scarce resource.
At the beginning of 1990s, after many years of

hesitation and negotiation, a set of donors
(including the World Bank and the Dutch and
French overseas aid agencies), and eventually the
Government of Mali itself, realized the need for a
profound and comprehensive technical, economic
and institutional reform – to give farmers true
ownership over the irrigation development process,
and the capacity to sustain and manage irrigation
infrastructure and operational and maintenance
systems.

The approach to reform in the Office duNiger

The reform practices in the Office du Niger,
whether by design or by accident, adopted some of
the key principles of the integrated water resources
management approach. The instruments used
included measures to improve efficiency in water
supply and use, a set of institutional changes,
innovations in agricultural technology, the use of
economic instruments and some important
financing measures.
The reforms beganwith an analysis of theOffice

du Niger’s problems, which looked at the interplay
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between infrastructure,markets and institutions. By
the 1990s, almost all of the Office du Niger’s
stakeholders including the Government of Mali
agreed that its problems were institutional and
structural. But donors and Government of Mali
disagreed about how to address them. The Office
duNiger favoured hardware and expansion; donors
pressed for institutional reforms. Even the donors –
the World Bank, the Netherlands (through the
ARPON project1) and France (through the Retail
project2) – differed on how to proceed; as a result
each programme followed its own agenda in
different parts of the scheme.

Improvingwater supply anduse efficiency

Water supply and use efficiency was improved
through rehabilitation and modernization, as well
as by intensifying farming.

Physical rehabilitation/modernization
The donors gave priority to rehabilitation over
expansion to improve the efficiency of water supply
and use within the already developed irrigated lands.
TheOffice duNiger’smottowas expansion to hit the
1million hectare target. The average yieldwas about
1 tonne of paddy per hectare, indicating the low
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Box 6.1 Key milestones

1932: Office du Niger is founded with a focus on cotton and rice production.
1945–1948: Abolishment of the forced recruitment of labour. Over 40 per cent of the settlers leave.
1960: Mali gains Independence; nationalization of the land; around 55,000 ha developed.
1966: Start of sugarcane plantation.
1970: Cotton cultivation abandoned and conversion of cotton fields to rice.
1970–1976: Land on state farms is redistributed to settlers.
1972–1974: Severe drought throughout the Sahelian zone.
1978: First donor meeting onOffice du Niger rehabilitation.
1980s: Reforms begin with investments to upgrade irrigation infrastructure.
1989: Governance decree grants cultivation rights to farmers.
1990s: Reforms broaden to the political arena and trade. Paddy price fully liberalized.
1991–1992: Breakup of the Office du Niger’s threshing and hulling monopoly.
1994: Privatization or transfer of all economic activities to the farmers.
1994–1998: Progressive reduction of import taxes on rice.
1995: First performance contract between the Office du Niger, the state and the farmers. Redefinition of

Office du Niger missions and responsibilities.
1995–1996: Reorganization of credit.
1996: Enhanced land tenure security for farmers. Farmers free to select threshers, mills, buyers.
1996–2003: Diversification of crop production; increased cropping intensities and income.
1996–1998: Second performance contract between the Office du Niger, the State and the farmers.
1997: Creation of the first farmer trade union.
1997–1998: Allotment of agricultural land use permits.
1999: First elections of the rural communes councils.
1999–2001: The level of water fees is set up; fee collection rate around 97 per cent.
2001–2020: Preparation of master plan.

Source: after Couture et al, 2002; Aw andDiemer, 2005
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efficiency of the use of water and land resources.
Donors therefore urged physical rehabilitation
activities to improvewater transport andcontrolusing
different formats, mirroring their own development
experience and philosophy (Aw and Diemer, 2005).
Thecost of thesephysicalmodernizationprojectswas
substantial (Couture et al, 2002) – absorbing amajor
part of the external financing.

Farming systems intensification
The rehabilitation/modernization drive was
complemented by new intensified farming including
high-yielding rice varieties, transplanting, fertilizers,
double cropping, crop diversification (mainly
horticultural crops), better on-farm water
management,3 and resizing of fields into smaller
plots to match the capacity of family workers. As
with infrastructure, France’s approach differed from
that of the Netherlands. France prescribed
cultivation practices for immediate adoption; the
Netherlands took a medium-term view and relied
on example, extension, farmer good sense and
farmer experimentation.

Institutional triggers

Thedonors recognized the importance of a suitable
environment to support irrigated agriculture and
the need to emancipate farmers from the Office du
Niger’s excessive control. Their main priority was
rightsizing the Office du Niger to reduce the
Government of Mali’s expenditures. For the most
part they followed an indirect and gradual approach
rather than a confrontational one. The institutional
innovations that contributed to the eventual
complete reform of the Office du Niger in 1994
focused on land tenure, support services, the role of
the private sector, farmer organizations and
representation, performance contracts and co-
management arrangements.

Improving land tenure security
Land tenure was an obvious problem with no
obvious solution. The Retail project made a lasting

contribution to land tenure security – a farming
licence procedure offering farmers two types of land
tenure: permanent and temporary. Permanent
tenure gave farmers after two years of probation the
right to farm the same plot for an undetermined
period, on condition of paying the water fee and
practising intensive agriculture. Farmers had little
incentive to intensify as long as they were tenants
who might have to relocate. The new land tenure
system shielded them from arbitrary relocation and
linked the water fee to the quality of water service.
Retail’s other key contribution was to adapt farm
size to family labour needed for intensive rice
cultivation. The land tenure institutional reform
improved farmers’ rights not only to their rice fields,
but also to the land on which their homes and
household gardens were located.

Creating pro-farmer support services
In line with its policy of satisfying farmers’ needs
and empowering them to stand up to the Office du
Niger bureaucrats, theARPONproject widened its
array of support services. It established several new
subsidiaries including the Agricultural Training
Center in 1980; a non-commercial public works
construction unit carrying out canal reconstruction
work in conjunction with Office du Niger; a farm
machinery assembly unit that produced and
maintained affordable threshers, dehullers and farm
implements, including the land levelling and
puddling planks pulled by draught animals; and a
seed farm and processing unit. In addition,
both Retail and ARPON provided research
support.

Strengthening the role of the private sector
Donors exerted persistent pressure on theOffice du
Niger to relinquish tasks that could be carried out
by private entities. At the same time donors raised a
pertinent question: will private entrepreneurs
automatically and immediately take over tasks that
theOffice duNiger abandons?TheGovernment of
Mali and donors found that the emergence of a new
private sector required some nurturing and
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guidance, since new providers of services need
expert help to identify demand and gear up
financially, managerially, legally, technically and
environmentally.

Adopting performance contracts
TheGovernment of Mali took advantage of donor
differences on strategy to resist reformand to obtain
more financial support. Only after the donors
formed a united front in 1988 were they able to
negotiate the first performance contact, which set
firm three-year goals for the Government of Mali
and theOffice duNiger. In those first three years the
Office duNiger became a public enterprisewith full
financial and administrative autonomy, and itmade
significant strides in improving infrastructure
management. In 1994, the Office du Niger was
restructured and has since been responsible only for
allocating land, maintaining the secondary
infrastructure and carrying out extension work.

Establishing co-management committees
In each of theOffice duNiger’s five zones, two Joint
Committees were formed: one for system
maintenance and one for land management.
Roughly equal numbers of farmers’ representatives
and officials sit on these committees. They decide
how and where to spend zone maintenance funds,
check the spending and supervise the
implementation of maintenance plans. The Joint
Land Management Committees decide on land
attribution and resolve land use conflicts.

Establishing farmer organizations
Donors (the Netherlands in particular) sought to
empower farmers by organizing them into a single
Village Association (VA) and stressed giving direct
benefits to farmers.Donors set up functional literacy
programmes, improved extension and reinforced
social infrastructures. They hoped to help farmers
deal collectively with the Office du Niger’s
managers.

Assigning farmer representatives
Two representatives speak on behalf of the farmers
to the Office du Niger and other bodies such as the
Ministry of Agriculture, the Chamber of
Agriculture and local administrations. They sit on
the Office du Niger’s central non-executive board,
which annually decides on water fees, theOffice du
Niger’s budget and policy priorities. Through this
board the farmers’ representatives also negotiate
with donor projects on rehabilitation of the
irrigation and drainage system and other
interventions. Their influence here, however, is less
marked than on water fees and budget issues.

Innovations in agricultural technology

The rehabilitation and modernization projects
described above were implemented partly as a way
of challenging the power balance between the
Office duNiger and farmers by giving farmersmore
control over canalmanagement. Two technological
innovations that helped break theOffice duNiger’s
monopoly also contributed significantly to its
eventual complete reform: small threshers and
dehullers.

Introducing small threshers
ARPON equipped all VAs with small threshers at
the ratio of onemachine for each 100 hectares. The
distribution of threshers broke up the Office du
Niger’s monopoly on threshing and significantly
reduced the cost. The threshers allowedVAs to earn
cash, whichmade it possible for them to offer credit
to producers and to invest in health centres,mosques
and schools. And the Office du Niger has not been
able to re-establish its monopoly (Aw and Diemer,
2005).

Introducing small dehullers
Small dehullers – already in common use in Asia –
helped farmers in two ways. First, they were the
first step in breaking up the Office du Niger’s rice
milling monopoly, which had prevented small
farmers and traders from taking advantage of the

BETTER RURAL LIVELIHOODS THROUGH IMPROVED IRRIGATION MANAGEMENT 77

06c-Integrated Water 071-088  6/2/09  11:43  Page 77



78 INTEGRATED WATER RESOURCES MANAGEMENT IN PRACTICE

1986 liberalization of the paddy market. Second,
they saved women from spending hours each week
pounding paddy for the family meal.
ARPON introduced small dehullers to the

scheme by donating 80 of them towomen’s groups.
The machines were more efficient, and resulted in
lower transport costs because they were closer to
where the clients lived than the Office du Niger’s
large mills. Although the small dehullers produced
a lower-quality product than the Office du Niger’s
mills, consumers did not care. Soon, amarket in rice
milling arose. Rich farmers, traders and well-run
VAs acquired larger dehullers to compete with the
Office du Niger. Their investments drove down
milling costs from US$0.0313 per kilogram of
paddy in 1989 to US$0.025 per kilogram of paddy
in 1992.Decentralization and the creation of amass
constituencywith a stake inmillingmade untenable
another part of theOffice duNiger’smonopoly (Aw
and Diemer, 2005).

Economic instruments

The two key economic instruments employed as
part of the change process were macroeconomic
reforms and cereal market reforms.

Macroeconomic reforms
The economic environment of the scheme and
farmers had improved with sectoral-level reforms
and also major macroeconomic reform effected as a
result of financial and political pressure fromBretton
Woods institutions. In particular, the 50 per cent
devaluation of the Central African (CFA) franc in
1994 greatly increased returns to tradable goods,
including rice. In addition to benefiting from the
scheme’s rehabilitation, farmers in theOfficeduNiger
profited from the liberal price climate in the first two
years after devaluation, andwere able tomore or less
dictate the price to buyers (Touré et al, 1997).

Cerealmarket reforms
Controlling the Office du Niger’s rice was at the
heart of the Government of Mali’s cereals policy.

Cultivators were legally bound to sell their paddy to
the Office du Niger, under threat of eviction, at
prices set by the Government of Mali. In 1981, a
forum called ‘Projet de Réforme des Marchés
Céréaliers’ outlined a strategy to restructure the
cereals market to:

1 raise producer prices and thus stimulate more
production;

2 liberalize the market for cereals to stabilize the
supply; and

3 redefine the role of the Government of Mali to
raise savings withwhich to upgrade civil servant
pay and purchasing power.

In 1982, the Government of Mali officially
abolished its monopoly on handling agricultural
produce, but measures liberalizing the rice market
were not taken until the end of the 1980s, and then
only reluctantly. Liberalization allowed farmers to
obtain substantially greater returns on their
production, though some individual farmers lost
large sums of money on contracts with dishonest
traders.

Financialmeasures

Because theywere deep in debt,many farmerswere
ineligible for official credit. The ARPON project
managers argued that credit was necessary to break
the downwards spiral of poor crop husbandry, low
yields and an inability to paywater fees, which taken
together usually ends with the farmer’s eviction. In
addition, inadequate resources to maintain
irrigation infrastructure leads to an unreliable and
inadequate water supply. ARPON provided
seasonal credit for low doses of fertilizer (75 kg urea
and 50 kgDAPper hectare), and five-year credit for
draught animals and implements.
In addition, the Retail project devised a way to

ensure adequate financing for infrastructure
maintenance. It created a dedicated maintenance
fund to which it allocated 70 per cent of the water
fee proceeds. A joint committee – balancing Office
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du Niger and farmer representatives – controlled
the fund.Office du Niger staff initially resisted this
reduction of their powers. ARPON adopted the
idea of a dedicated maintenance fund jointly
managed by Office du Niger staff and farmer
representatives.What began as decentralized village
development funds run by theVAs later evolved into
village-level savings and loans associations.

The outcomes: efficiency, equity and
sustainability impacts

The infrastructural, institutional, economic and
financial changes introduced in themid-1990s have
had very substantial impacts on economic efficiency
and (to a lesser extent) equity in theOffice duNiger.
Progress on environmental sustainability, however,
has been slow.

Efficiency gains in business process and increases
in cultivatedarea

The Office du Niger’s staff was dramatically
reduced to 360 from nearly 4000, while its budget
was reduced to 2–3 billion CFA from 6–10 billion
CFA (to US$4–6 million from US$12–20 million).
The water service fee declined from 20 per cent to
8 to 9 per cent of net farm income; the fee collection
rate increased from 80 to 97 per cent. Reducing its
salary burden has allowed the Office du Niger to
allocate a much greater share of the revenues
generated from irrigation fees to the operation and
maintenance of the network, thereby contributing
to sustainability. More important, user committees
ensure that settlers are treated as full partners
regarding the utilization of fees. It has also been
possible to raise the fees by 43 per cent in order to
fully recover operation and maintenance costs.
Before the reforms, the cultivated area had not

expanded. Since 1996 the cultivated area has
increased by more than 20 per cent through
farmers’ participation and donor and private
investment. In the past mono-cropping of rice was

the norm, with only 75 per cent cropping intensity.
Since the reforms the cropping intensity has climbed
to 120 per cent. The area plantedwith horticultural
crops has increased from 1929 hectares in 1996 to
5,245 hectares in 2003.

Improvements in rice productivity andproduction

In Mali, rice now accounts for 12.3 per cent of
agricultural value added, up from only 4.3 per cent
in the 1980s. Rice is the fastest growing agricultural
sub-sector, averaging 9.3 per cent annual growth
(Gagnon, 2005). Since more than half of Mali’s
total rice production comes from the Office du
Niger, it is fair to attribute the phenomenal growth
rate in Mali’s rice production to the reforms (Kelly
andStaatz, 2005). The production of ricewas about
427,800 tonnes in 2002–2003, representing 62 per
cent of the total 693,203 tonnes harvested in Mali
and 57 per cent of the country’s requirement
(Figure 6.2).
The increased rice production is a result of

increases in both acreage and yield. The total area
under rice cultivation within the Office du Niger is
estimated at 77,440 hectares, which accounts for
about 21 per cent of the total paddy fields of the
country (Figure 6.3). The increase in area is mainly
through the reclamation of previously abandoned
land (about 10,000 hectares), since no new land
developmenthasbeenundertaken for rice since1966.
In 2008, following two decades of reform,

average yields approximate 6 tonnes per hectare,
withmany farmers achieving yields of 7 and even 8
tonnes. Average paddy yields have tripled, which
compares favourably with the Green Revolution
achievements in Asia. The average yield in the
Office du Niger has constantly increased over 22
years, from 1.6 tonnes per hectare in 1982–1983 to
6.1 tonnes per hectare in 2002–2003 (Figure 6.4).
Improved irrigation and rice production

technologies, combined with market reforms that
created incentives for farmers to adopt them, are at
the heart of productivity growth in the Office du
Niger. The new technologies made a difference
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Figure 6.2 Rice production trend at the Office du Niger, 1994–2004
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Figure 6.3 Paddy fields area trend at the Office du Niger, 1994–2004
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because the economic and institutional environment
evolved to provide a broad range of socioeconomic
incentives for both farmers and service providers.

Improvements in employment and labour
productivity

Before themid-1980s, rice production in theOffice
du Niger was extensive, with a family of 3.5 active
workers cultivating 5 to 6 hectares (about 1.7
hectares per adult worker). The rice system has
becomemore labour intensive; labour shortages are
increasingly common at peak periods when the rice
is being transplanted or harvested. Young people
coming from the Sahel are contracted to work for a
task, a day or a season. Transplanting has become
a specialized task donemainly bywomen.Attracted
by a chance to earn money, the settler population
has grown quickly. In 2004, there were 364,769
inhabitants living in 253 villages within the Office
du Niger area, a 110 per cent increase since
1934–1947. Under conditions of natural growth,

without immigration, the population would
have increased by only 27 per cent. Population
growthwas due in part to rising labour productivity:
paddy production per person increased by 75
per cent (Figure 6.5). More expenditure on hired
labour was associated with higher rice yields, a
reflection of the very labour-intensive nature of rice
production.
Population growth was spurred also by income

opportunities arising fromhardwaremodernization
and new services in support (training centre, input
fund, equipment assembly, seed farm, farming
system research and development), processing and
trading.

Differential changes in farm income

Crop budget analyses consistently show high levels
of net returns per hectare for most Office du Niger
farmers (Bélières and Bomans, 2001; Mariko et al,
2001;Chohin-Kuper et al, 2002) despite substantial
increases in the cost of fertilizers and the water
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users’ fee. The Office du Niger’s estimated average
crop budget for the 2003 and 2004 rainy season rice
production shows that the gross margin per hectare
is almost 250,000 CFA (approximately US$500).
The oneweak spot financially is those farmswith

fewer than 2.5 hectares of land, which cannot
provide subsistence incomes for farminghouseholds.
Table 6.1 provides a comparison of gross margins
per person andper hectare calculated from the 1999
survey data of a sample representative of the entire

Office duNiger.The differences across farm size are
striking, particularly for the grossmargins per capita.
They suggest that small farms are probably having
problems covering consumption needs after paying
input costs. More recent studies (Kébé et al, 2003)
show the share of the consumer price retained by
farmers to vary between 70 and 90 per cent,
depending on the time of year.
An increasingly important income source for

farmers in the irrigated perimeter has been the
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Figure 6.5 Per capita paddy yield trend in the Office du Niger

Table 6.1 Comparison of gross margins for rice production by farm size

Type of farm Number of Average Gross margin Gross margin Gross margin
farms cultivated area per farm (FCFA) per ha (FCFA) per person
(FCFA) per farm (ha)

Small [0.25 to 3 ha] 254 1.86 482,382 259,345 59,208
Medium [3 to 10 ha] 260 5.61 1,587,977 283,062 105,686
Large [> 10 ha] 35 14.72 4,524,759 307,389 141,901
All farms 549 4.46 1,263,690 283,338 86,492

Source: Bélières and Bomans, 2001
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production of horticulture for domestic and
regional markets (Table 6.2).

Impacts onpoverty

The increase in income has improved livelihoods.
For example, the gross income generated during the
2003/2004 season was estimated to be 80 billion
CFA (US$160 million), with 50 billion CFA
(US$100 million) from rice and 30 billion CFA
(US$60 million) from vegetable production. Per
capita farm income increased by 150–200 per cent.
This is significant poverty reduction, although there
are distributional issues with incomes skewed in
favour of larger land-holders. The impact on
poverty is even higher when one takes into account
that many people flocked into the area. Generally,
Mali’s food security was enhanced because Office
du Niger production is not subject to variations in
the climate. The country approached self-
sufficiency in rice in normal years (inwhich no flood,
drought, crop pest or disease outbreak is
experienced). New activities such as transplanting,
rice processing and rice marketing provided new
revenues to women and youths.

Spin-off effects

The Office du Niger, and particularly the reform,
has also indirectly contributed to income growth

and poverty reduction through multiplier effects in
sectors connected to irrigated agriculture. The non-
farming population is mainly involved in
transportation and post-harvest processing of
agricultural products, marketing, andmaintenance
of the various infrastructures. For example, in 2002,
the Office du Niger paid 1.8 billion CFA
(approximately US$3.6 million) to about 150
entrepreneurs who maintain the network of
primary and secondary canals, and 3 billionCFA to
transporters (US$4million for transporting the rice
andUS$2million for the vegetable products). Small
private businesses have set up threshers and mills
into the area.

Environmental impacts

Inefficient use of irrigationwater andproblemswith
drainage, waterlogging and salinity have always
plagued the Office du Niger. More recently, the
spread of water-borne diseases, the wide use of
fertilizers and pesticides, and increased
deforestation have also caused concern. So far,
however, the reforms have not paid much attention
to these and other environmental problems.
One key problem is inefficient use of water. One

cause of that inefficiency may be that the Niger
River has abundant water relative to current
irrigation needs. The total amount of water
abstracted from the Niger River is less than 10 per
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Table 6.2 The extent of vegetable production in Office du Niger (1995/1996–2003/2004)

Shallot Tomato Sweet potato PepperMaize Potato
ha tonne ha tonne ha tonne ha tonne ha tonne ha tonne

1995/1996 1,365 32,760 125 2,500 — — 110 935 — — — —
1996/1997 1,628 42,393 150 3,059 55 990 96 848 141 382 — —
1997/1998 2,551 66,419 147 2,714 69 1,242 150 848 155 466 — —
1998/1999 2,665 68,839 227 3,975 86 1,572 105 464 385 1,194 — —
1999/2000 2,274 61,012 227 3,975 97 2,651 105 464 470 1,550 31 470
2000/2001 3,271 68,600 430 8,755 283 6,842 132 831 533 1,864 35 699,
2001/2002 2,588 72,462 387 8,162 517 11,097 164 878 607 2,264 41 808
2002/2003 3,854 107,260 499 9,886 459 10,944 175 910 1,064 3,845 129 2,778
2003/2004 3,861 123,721 345 7,376 471 10,163 264 1,063 952 3,779 134 2,859
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cent of its flow from July toDecember. Abstractions
are much more significant during the dry season
cropping, although less area is cultivated. While
there is clearly enoughwater tomeet current needs,
future expansion of irrigation in theOffice duNiger
will depend on improving water management
practices, since at present only 25 per cent of the
water from the Markala into the Fala de Molodo
and the Retail Scheme is effectively used by crops
(Ouvry and Marlet, 1999). In addition, 44 per
cent of the water in the primary canal network is
lost to evaporation, 21 per cent in the drainage
network especially during the growing season, and
about 10 per cent of the water is lost by infiltration
from the canal mainly during the dry season
cropping.
A related problem is poor drainage. The

principal causes are that the drainage system is
saturated with excess irrigation water and the
collector drains are not well maintained. Once the
collector drain is no longer saturated, maintenance
of the tertiary drains becomes important, while the
disparity in harvest dates between adjacent fields
always aggravates the drainage problem. The
drainage problemhas led towaterlogging, a fast rise
in the water table and land degradation due to
secondary salinity. According to Marlet and
N’Diaye (1998), before the rehabilitation schemes,
management of irrigation and drainage was
deficient, which increased the alkalinity of clay soils
(sandy soils were not affected). After the
rehabilitation phase, water management improved
and more diverse crops were grown during the dry
season. The pH and EC (electrical conductivity) of
the sandy soils have been increasing because inmost
parts of the scheme the canals contain water year
round, which raises the water table.
Water-borne diseases have also caused concern.

A study on human health conducted by SOCEPI in
1998 concluded that rice cultivation in areas under
theOffice duNiger has increased the prevalence of
water-borne diseases such as malaria, bilharziosis
and diarrhoea.Wide use of fertilizers and pesticides
has increased the risk of contamination of

groundwater as well as surface water. Rapid
population growth has resulted in more
deforestation because of a high demand for wood
for fuel.

Lessons learned

Managing an irrigation infrastructure that was
planned and developed without due consideration
to farmers’ objectives and realities is prone to
various inefficiencies. The Office du Niger’s initial
goal was to supply the French textile industry with
cotton fibre; the farmers had little or no prior
experience with irrigated agriculture. The long
years of adjustment needed to bring the scheme to
its current state therefore are unsurprising. Change
came gradually through technical and political
improvements as opportunities arose, or through
negotiation and donor pressure (aswith land tenure)
when they did not.
Below we highlight some of the important

lessons learned from theOffice duNiger’s long years
of turbulence and eventual success. These lessons
are organized in four categories: the impact of the
macro-policy environment on the process of
change; aligning the interests of government and
donors; enhancing the role of farmers; and
improving the balance among economic efficiency,
equity and environmental sustainability

The impact of themacro-policy environment on
theprocess of change

The right environment
Restructuring has a much better chance of success
and sustainability when it occurs in the context of
the rightmacro-policy andwith the right technology
package.The impressive gains from the investments
made in the Office du Niger infrastructure and the
privatization of marketing and processing activities
created momentum and support for the Office du
Niger’s restructuring. Macro-economic reforms
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translated into better producer prices, which
provided both the incentive and themeans for better
use of all resources including water.

Importance of the coherence and timing of the reforms
The investments to upgrade the irrigation system,
the liberalization and the timing of the devaluation
and import policy reforms all helped the reform
process, since they made Malian rice competitive
with Asian imports in Mali and in neighbouring
countries. Importantly, the process of reform in the
Office du Niger has proceeded in stages: from
hydraulic and agronomic targets and outcomes to
economic and financial targets and outcomes.Note
that financial targets have not yet been reached
because of low water fees (Couture et al, 2002).

The role of government anddonors–aligning
interests

Government commitment and the participative approach
Overhauling the Office du Niger required the
commitment not only of the Ministry of Rural
Development, but also of the entire government,
and particularly of the Ministry of Finance. The
Government of Mali firmly committed itself to
restructuring the Office du Niger by setting up an
adhoc unit directly under the authority of the Prime
Minister; its sole mandate was to carry out the
restructuring in three years. Building consensus and
commitment in a participative way around the key
objectives and principles of restructuring takes time,
but it is vital to success.

Donor coordination
In aid-dependent low-income countries such as
Mali, making key policy changes and restructuring
inevitably requires strong donor coordination,
especially when the changes are politically or
socially delicate. In the case of the Office du Niger
project, joint donor missions have contributed to
building a strong common platform. Also, in 1992,
coordination and team work with the IMF resulted

in a very unambiguous joint message to the
government regarding the urgency of restructuring.

Enhancing the role of farmers

Focus onwatermanagementwith transparent financing
Refocusing the irrigation institutions on the essential
water services with well-defined sources of funding
is key to success and sustainability. The Office du
Niger funds water maintenance entirely from
producers’ water fees.

Land tenure
Farmers need to feel land secure before they will
invest in their fields. The Office du Niger’s
experience with usufruct rights shows that farmers
can feel land securewithout actual landed property.
In several areas farmers are now willing to finance
the irrigation investments at the field level.

Partnershipwith producers
Building a partnershipwith producers is essential to
successful and sustainable irrigation schemes. The
partnership between farmers and the Office du
Niger was a dramatic departure from the top-down
approach of the past; it has already generated high
payoffs, such as the sharp increase in water fees
recovery.

Improving thebalance amongeconomic efficiency,
equity and environmental sustainability

Despite the Office du Niger’s significant advances
much remains to be done. Some further gains in
economic efficiency could be achieved by further
integrating horticultural production into the system,
integrating andmodernizing the livestock sector, and
better managing natural resources. Expanding the
irrigated area could also further increase economic
gains, though it will also eat into the neighbouring
grazing lands and affect natural resource
management in the Office du Niger. If the number
of livestock continues to grow, pressure on the
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remaining grazing lands will increase. An
environmental study by the Office du Niger
concluded that expansion must include measures to
reduce environmental impactswithin andoutside the
irrigated area. If major problems are to be averted,
livestockproductionwill have to intensify andanimal
movements within the irrigated area be controlled.
From the discussion above, it is clear that better

watermanagementwas only one of several features
of theOffice duNiger reforms – andnot the leading
one at that. Given the availability of the water
resource and the importance of the other
constraints, however, arguably it was appropriate to
begin with other reforms, which have already led to
improved water management and have created a
framework for future improvements. All this
highlights the importance of sequencing and shows
that improvements in themanagement of thewater
resource may not necessarily be the first step in a
process of change.
A further broadening of the approach taken thus

far is needed to further improve the Office du
Niger’s efficiency, equity and especially its
environmental sustainability. The gains in economic
efficiency and (to a lesser extent) equity in theOffice
du Niger are impressive. Now more attention to
environmental sustainability is warranted. Such
improvements would help to improve the physical
and economic productivity of water.More rigorous
water management is required because of the
expansion of the irrigated area and the growing
diversification of cropping systems. Enhancing
water efficiency and improving drainage, together
with increasing intensification, would increase the
Office du Niger’s overall performance. These
measures would also offer maximum protection to
thewetlands located on the eastern side of the inner
delta. Changes in canal and field water
management are also needed to protect the health
of some 170,000 residents who still suffer losses in
quality of life and productive capacity from water-
borne diseases. Government investment in land
development needs to be weighed against the
impact of public health investments on productive

capacity. Further progress will require looking
beyond water for crop production and considering
all of a community’s other water needs such as for
domestic use and sanitation, livestock and fisheries,
and ecosystems services.
As the Office du Niger’s experience shows,

improving water resources management is
inevitably a continuing process – it simply never
ends. The emphasis on improving economic
efficiency in the Office du Niger now needs to be
matched by attention to environmental
sustainability.

Notes

1. Amélioration de la Riziculture Paysanne à l’Office du
Niger (Improvement of PeasantRiceCultivation at the
Office du Niger).

2. A primary canal on which France sponsored land
rehabilitation, crop intensification and institutional
reform projects.

3. Better water management interventions include
controllingwater levels and flowswith new sluices; and
coordinating and redefining the roles of lock keepers,
water inspection agents, arroseurs chiefs, etc.
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7
FromWater toWine:Maximizing the Productivity of
Water Use in Agriculturewhile Ensuring
Sustainability

Simi Kamal and Amina Siddiqui

A combination of drought in key food producing areas of the world and growing demands from the expanding economies in Asia
and elsewhere has drawn attention to the challenge of providing food for the world’s growing population. It is increasingly
recognized that one challenge of producing food is finding the water to do so.
An example of the challenge comes from the arid continent of Australia, whose farmers’ exuberant use of water for agriculture

has become increasingly constrained. This has been felt particularly acutely in theMurray–Darling river system, which underpins
much of the country’s rural economy.
The experience of a small community of farmers on the Angas Bremer irrigation scheme, at the mouth of the Murray–

Darling river system in South Australia, provides an example of how better water management can contribute to meet emerging
challenges. Rigorous control of water use combined with changing patterns of agricultural production, backed by an effective
river basin organization, national policy and interstate agreements in a federal system, have all enabled the farming community
to adapt to the pressures and even improve environmental conditions along with their productivity.
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Source: Angas Bremer Water Management Committee Inc. (www.angasbremerwater.org.au)
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The development context andwater
challenges

TheAngasBremer IrrigationDistrict (ABID) covers
a community of some 160 irrigators who farm an
area of about 6,800 hectares on the Angas Bremer
floodplain, near Lake Alexandrina in the
Langhorne Creek area, 30 kilometres from the
mouth of the Murray River.
It is an area rich in alluvial soils at the terminus

of the relatively small Angas and Bremer river
catchments where, historically, settlers were
attracted by the fertile soils and the (then) abundant
freshwater in the coastal lakes and the rivers that fed
them. The farming community drew on these
resources to support a variety of crops, notably
lucerne hay for use as stock feed.
In the early years of settlement, in the 1860s,

there was no need for formal irrigation. River flow
from winter rains flooded the riverine plains and
provided enough water for the growing season.
Later, in 1886, some farmers built a weir to create
artificial flooding in dry years.Other farmers opted
for their own systems, including steam-driven
pumps and windmills to lift water from the rivers
and wells to their lands (ABWMC, 2005).

As agriculture developed further from the rivers,
other sources of water were required. From the
1950s when state-provided electricity became
generally available in the area, farmers began to
pump groundwater, which appeared to be in
plentiful supply.
Groundwater development was accelerated

when the quality of surface water began to
deteriorate in some areas due to a combination of
lower flows in the rivers and pollution frommining
and other activities upstream.
During the 1960s and 1970s there were

unchecked withdrawals of groundwater in the
Angas Bremer region. By 1981 annual usage of
groundwater was four times the annual rate of
recharge from flows down the Angas and Bremer
Rivers. This excessive use led to declining quality of
the groundwater, as saltier groundwater was drawn
in from the margins. This in turn obliged the
farmers to turn to the nearby Murray River for
sustainable supplies.

TheMurray–Darling Basin

The Murray–Darling Basin, which covers the
catchments of the Murray and Darling Rivers,
occupies an area of over 1million square kilometres
and accounts for about three-quarters of the total
area of irrigated crops and pastures in Australia.
Around 70 per cent of all water used for agriculture
in Australia is used for irrigation in the basin. The
over 2 million people who live in the basin and
another million outside the basin rely on its water
resources.
As the state at the ‘tail end’ of the Murray–

Darling river system (of which the Angas and
Bremer Rivers form a part through their
interconnection with the coastal lakes), South
Australia had long suffered the impact of upstream
water uses as well as from perennial droughts.
The experience of the farmers in the Angas

Bremer Irrigation District, and indeed of South
Australian irrigated agriculture as a whole,
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demonstrated the need for a comprehensive
management approach to the whole Murray–
Darling Basin on which so much of Australia’s
agriculture depended.
A long drought – the 1895–1903 ‘Federation

Drought’ – drove a process of cooperation that
eventually resulted in the 1915 River Murray
Waters Agreement between the governments of
Australia, New South Wales, Victoria and South
Australia. It took two more years to establish the
River Murray Commission, which was given the
responsibility of putting the Agreement into effect.
The division of water negotiated between the states
at that time and formalized in the Agreement is
effectively still in place (see Figure 7.2).
The entitlement flow for South Australia under

the Murray–Darling Basin Agreement determines
theminimum flows that SouthAustraliawill receive
across the Victoria border. The entitlement flow is
made up of the so-called ‘Cap’, the maximum

allowable use (see page 97) with the balance being
available for environmental use, system losses
(evaporation and seepage) and systemmaintenance.
During periods of low flow, these figures are
adjusted by the formal processes outlined in the
Murray–Darling Basin Agreement, which also
provides drought arrangements.

The approach, triggers and processes

If it was the Federation Drought that triggered the
first interstate agreement on theMurray in 1915, it
was the more local threat of losing much of their
irrigable land to salinization that saw the farmers of
the Angas Bremer Irrigation District coming
together in the Angas Bremer Water Resources
Committee (ABWRC), a statutory body of local
irrigators and government agencies, which was
formed in 1978. The (South Australian) Water
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Resources Act of 1976, which is creditedwith being
Australia’s first integrated water resources
management legislation (Schonfeldt, 2000),
provided the institutional framework for thesewater
stakeholders to work together.
One of the first key challenges of the ABWRC

wasmanaging the groundwater resource, which had
been developed beyond its sustainable limits. After
some years of monitoring, it had become clear that
the amount of water allocated was perhaps four
times more than could be sustainably abstracted,
given the rate of recharge from the Angas and
Bremer Rivers. Yet there was growing pressure for
further development, driven according to one
author,Muller (2002), by significant rises in the price
of grapes. In 1981, under the jurisdiction of the
ABWRC, the Angus Bremer PrescribedWells Area
(ABPWA) was proclaimed.
Between 1981 and 1987, attempts to resolve the

problem of increasing groundwater salinity by
reducingwater allocations and encouraging aquifer
recharge were unsuccessful. Faced with a growing

crisis, the South Australian Minister of Water
Resources decided in 1988 that a substantial
proportion of licences for underground water
should be exchanged for water direct from the
Murray River.
This development was driven in part by

demand, as it became clear that a new farmingmix
– focusing on grapes and vegetables – could support
water supply costs that the old mix could not. And,
during this process, the irrigated area grew
from 3,400 hectares (mainly under lucerne hay) in
1981 to 6,800 hectares in 2001, of which only 471
was under lucerne hay while the bulk came under
vines.

Structure and functions of theMurray–DarlingBasin
Organization

The strategies adopted in the Angas Bremer linked
its future firmly with that of the Murray–Darling
Basin.The reforms that had led to the establishment
of theMurray–DarlingBasinCommission (MDBC)
reflected a series of larger challenges,many of them
environmental. A World Bank research paper
commented that:

There is presently a major focus of debate in Australia
concerning the need to recover a proportion of water
now allocated to agriculture and to re-assign it to the
maintenanceof river health.Assuming the resumption
of property rights fromagriculturewill be accompanied
by compensation payments, the total cost could be in
excess of $2 billion (approx. US$ 800million).

(Haisman, 2004)

At the same time, public administrators were
becoming ever more cognizant of the fact that
natural resources tended to interact one with
another and that a catchment or river basinmade a
sensible administrative unit withinwhich to attempt
to manage these processes. This was accompanied
by a slowly growing awareness that natural resources
were not infinite and that use of resources had
tangible consequences that frequently offset project
benefits.
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‘The impetus for this awareness was a
combination of scientific research and evaluation
of the status of natural resources valued by the
community, lobbying by conservation interests, and
the occasional crisis that excited the attention of
popular newsmedia. Two such crises relevant to this
paper were the closure of themouth of theMurray
River because of drought conditions in 1981, and
the “world’s longest algal bloom” extending over
1000 kilometres of the Darling River in 1990–91.
Although the highly variable Murray River could
naturally cease to flow in its upper reaches, and
indeed the explorer who found the Murray mouth
recorded having to drag his boats over sand bars to
reach the ocean, the idea that the nation’smightiest
river could fail to reach the sea and that water
extractions might have something to do with this,
struck a responsive chord in distant urban
populations’ (Haisman, 2004: 16).
The establishment of the MDBC as the

executive arm of the Murray–Darling Ministerial
Council (MDMC) reflected these trends with its
focus on integrated catchment management. The
figure below shows the functions of the MDBC in
terms of natural resourcemanagement andMurray
River water.

SouthAustralianMurray–DarlingBasin strategy

While there was now a stronger institutional
framework at the level of the river basin, much
water management continued to be undertaken at
the level of the state and depended on state
institutions. In South Australia, the state
government prepares a State Water Plan to set
the strategic directions for water resources
management. Individual catchment water
management boards (covering sub-catchments of
the overall basin) are then required to prepare
catchment water management plans to establish,
and provide for the implementation of, catchment
priorities, aswell as to preparewater allocation plans
where required. These have to ensure that
environmental flow requirements are met before
water is allocated for commercial use.
The water reallocations that were made in the

Angas Bremer area would have been hard to
implement without the national-, basin- and state-
level strategies and catchment-level boards. And the
South Australian River Murray Catchment Board
(RMCB) became the key interface between the
Angas Bremer irrigators and themultitude of other
users in the Murray–Darling system.

94 INTEGRATED WATER RESOURCES MANAGEMENT IN PRACTICE

Murray–Darling Basin Commission

Natural Resource
Management

River Murray Water

u Develops policies and strategies
u Coordinates:

l Knowledge generation
l Research
l Knowledge access

u Conducts investigations and education
u Coordinates funding and programmes for

on-ground works and measures

Board

u Stores and delivers bulk
water supply

u Prices for services
u Collects and invests revenue
u Controls and manages assets
u Contracts service inputs

Source: Haisman, 2004: 58

Figure 7.4 Internal functions of the Murray–Darling Basin Commission

07c-Integrated Water 089-104  9/2/09  09:33  Page 94



But reallocation was just a first step as the Angas
Bremer moved further down the road towards
economic and environmental sustainability. If the
larger objective of reallocation from existing water
users to the environment was to be met, all users,
including those in the Angas Bremer would have to
be engaged.

Instruments used

Over a period of nearly 50 years, an array of
regulatory and technical instruments have enabled
the irrigators of the Angas Bremer not merely to
sustain their operations, but to expand their scope
and profitability while at the same time improving
the condition of the water resource.

Groundwatermanagement plans

The initial innovation was to introduce and enforce
local groundwatermanagement. About 85 per cent
of the groundwater in theAngas Bremer Prescribed
Wells Area (PWA) comes from two low-salinity
zones located along the Angas and Bremer Rivers.
One of the earliest steps under the Angas Bremer
Water Allocation Plan was to implement licensing
as a means to control depleting groundwater.
Structured efforts were also made to recharge the
aquifers in good rainfall years, which helped to
reduce depletion. AnAquifer Storage andRecovery
systemwas initiated and promoted in the area in the
1980s, through which irrigators directed winter
floodwaters into their bores.
A groundwatermonitoring network had already

been established in the late 1960s. Irrigators were
required tomaintain groundwatermonitoringwells
and report regularly, as per schedule, a practice that
still continues and enables sustainablemanagement
to bemaintained (in 2005, reports were received for
168 of the 181 registered monitoring wells
(ABWMC, 2005)). In this way data is generated
twice a year, enabling managers to monitor trends
to guide water allocation and planning.

The most important initiative, however, was to
replace a substantial proportion of the groundwater
allocations with abstraction from theMurrayRiver
system. Allocations taken from groundwater were
cut by 30 per cent, and irrigators who converted to
lake water could avoid these cuts. In this way there
was a ‘voluntary’ shift of irrigators to lake water
from the Murray River system, and the conditions
were developed to allow the replenishing of
groundwater and local water tables. As a result,
groundwater extraction now represents only a small
fraction of total allocations (DWLBC, 2007).

Water resourcesmanagement plans and regulation

Water Allocation Plans (WAPs) now regulate water
use from four prescribed water resources in the
Board’s catchment, including the River Murray
Prescribed Watercourse and the Angas Bremer
Prescribed Wells Area. Policies relating to permits
for water extraction regulate activities that might
impact both prescribed and non-prescribed
resources.
The Angus Bremer WAP goes back to 1981, 20

years before the Murray River WAP, and served as
amodel for otherWAPs in the state. TheWAPs have
become more sophisticated over time and address
more dimensions of watermanagement than simply
quantity. Thus theMurray–DarlingWAPaddressed
not only quantitative allocations but also considered
dependent ecosystems, water resources, capacity of
resources to meet demands, water allocation
criteria, water transfer criteria (including water
rights, licensing and permits) and monitoring, as
well as transfers to related irrigation management
zones (including Angas Bremer).
TheWAP process also instils discipline amongst

water users. The Angus Bremer regulation regime
calls for strict compliance and reporting on
groundwater and use of irrigation water from all
sources, and accredits irrigators annually. For
example, 110 irrigators were accredited for the
2005–2006 irrigation year, while 23 were excluded
because they did not complete the Irrigation
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Annual Report forms or because of late lodging of
forms.
This attention to discipline has been rewarded in

that the South Australian Murray-Basin Natural
Resources Management Board recognizes that the
Angas Bremer region has demonstrated effective
water-use efficiency and should continue to be
managed separately from the remainder of the
Murray River system (SAMBNRMB, 2007).

Water-use efficiency planningandpractice

South Australia’s Angas Bremer irrigation district
has attracted national and international interest for
its leadership in planning for water-use efficiency,
and then implementing it through strict regulations
and good technical practice.
Efficient water use is vital to avoid the ever-

present threat of waterlogging and salinization. An
innovative common technology, the CSIRO
FullStop wetting front detector, has been adopted
by all irrigators to tell them when to stop irrigating.
Each irrigator has installed monitoring wells used
tomeasure and report the height and the salinity of
the water table.
But efficiency is also driven by simple economics.

So the shift from local groundwater sources to water
‘imported’ from the Murray River, which required
investment inpipelinesandpumpingandsignificantly
increased the cost of water to the farmers, was an
important contributor to improved efficiency.
In 1992, four local farmers commissioned a

privately-owned water scheme to provide supplies
to a vineyard,market garden, lawn turf business and
lucerne farm. Water was pumped through 10
kilometres of 375 millimetre PVC pipe from Lake
Alexandrina, delivering up to 160 litres per second.
Three years later, the State Premier opened the

largest, privately funded, irrigation scheme in
Australia. TheA$2,600,000 (approximatelyUS$2.1
million) scheme takes water fromLakeAlexandrina
through 35 kilometres of pipeline. It has 40
participants, can pump 470 litres of water per
second, and supports a variety of production

activities including grapes, almonds, potatoes,
lucerne, dairy and horticulture, as well as stock and
domestic needs.
Many more schemes were subsequently

implemented, putting into practice the shift from
groundwater to surface resources. Since the users
have to carry both the capital and operating cost of
these schemes, they have every incentive to use
water productively and efficiently, and this has been
reflected in the changing patterns of production.

Agreed codeof practice and environmental
stewardship

Angas Bremer is a prime example of the
development of partnerships as an instrument for
promoting IWRM goals.
In 2001 the public–private partnershipmeasures

in Angas Bremer produced a much acclaimed
Angas Bremer Code of Practice for Irrigators,
which has instructions in simple language and
addresses conjunctive water-use issues. The Code
of Practice has four major components:

• quarterly monitoring of groundwater levels;
• monitoring of irrigation application volumes
and irrigation drainage at each irrigation event;

• planting andnurturing of a prescribed areawith
deep-rooted perennial vegetation; and

• reporting through an annual reporting scheme.

Under this Code, irrigators commit themselves
to applying the FullStop technology to avoid over
irrigation, as well as tomaintaining ground cover to
retain appropriate rates of evapotranspiration
throughout the year. The Irrigation Annual
Reporting scheme enables irrigators to report on
their compliance with the Code and their licence
conditions under the Angus Bremer Water
Allocation Plan (ABWAP). The state government
conducts 10 per cent random audits to check that
the self-audits are robust.
The Code is complemented by the Land and

WaterManagement Plan, and provides the basis for
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the Watermark Environmental Stewardship
Programme of the Murray–Darling Basin
Commission. The Angus Bremer community is
keen to develop the Code into an accredited
EcoLabel scheme with which to market their
products. A water module is also in place as part of
a new Environmental Management System for
grape farmers.
The success of Angas Bremer’s participatory and

largely self-governing compliance system is
attributed to the following factors:

• long-term access by the community to technical
support;

• partnerships among irrigators, industries and
government agencies based onmutual trust, and
understanding of the regional and local natural
resources and their associated risks;

• strong leadership within the community, local
industries and government agencies;

• support for community groups by paid project
officers;

• a core group of committed local volunteers
representing a broad range of irrigation
interests; and

• a viable, profitable industry that allows irrigators
to have the resources to do more than merely
survive.

In addition, the geographical features of the
ABPWA are such that any impacts of inefficient
irrigationwill be visible on-farmor on neighbouring
farms within one generation (Muller, 2002: 2).
The experiences in Angas Bremer have

influenced larger-scale participatory programmes
linking goodwater practiceswith trade and industry.
The Environmental Management in Viticulture
initiative has run trials in the entire Langhorne
Creek area to establish the Angas Bremer Code of
Practice for managing irrigation at Langhorne
Creek (see www.angasbremerwater.org.au/files/
Trial%20report.pdf). Funded by the Murray–
Darling Basin Commission under the Watermark
programme, the objective of the trial is to develop

a regional framework for improving environmental
stewardship offering tiered levels of recognition
linked to catchment targets. This is a variation of
the traditional ISO1400 style Environmental
Management System (EMS).
The programme includes a methodology for

assessing the environmental risks of viticultural
activities, the determination of a series of
environmental performance targets that both the
region and individual growers can aspire to achieve,
locally developed environmental standards, and
severe performance and processed based steps or
‘levels’ designed to give recognition for participant’s
efforts. Best Management Practices are developed
with the support of local Natural Resource
Management (NRM) officers to address
environmental issues identified by the growers. The
requirement of annual review provides for
continuous improvement.

The caponwater extractions and environmental
flows

Perhaps the most significant management
instrument introduced more recently has been the
1995 decision of the Murray–Darling Basin
Commission to limit or cap the annual levels of
water extraction from the Basin rivers to the levels
that existed in 1993 and 1994.
This not only confirms that theBasin is effectively

‘closed’ and that there is no additional water for new
uses, but also establishes the foundations for actually
reducing existing allocations to provide for
environmental requirements. Under this decision,
while annual water extractions across the Basin will
continue to vary with climatic conditions, the
average of these extractions remains constant
thereafter.
The cap does not affect the shares of water from

the transboundaryMurrayRiver for the three states
in the Murray–Darling Basin. There remains a
monthly minimum volumetric entitlement for the
downstream state (in this case SouthAustralia), from
which theAngas Bremer farmers draw their surface
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water allocation. Allocation to individual water
users and between consumption and in-streamuses
remains amatter for the State concerned.What the
cap does is to reinforce the responsibility of the states
to exercise controls over actual extractions of water
in accord with the cap rules. The cap, by sending a
powerful signal that water is finite, is intended to
improve water-use efficiencies.
On the downside, the cap works only on annual

flows, ignores the major extraction or intervention
caused by the operation of storage dams, and allows
maximum extractions in dry years (which may be
contrary to the actual ecological needs of the rivers
at that time).Nonetheless, the cap has demonstrated
through strict implementation that managing the
health of rivers is important (Haisman, 2004: 64).

Water rights andwater trading

The cap has also reinforced the status of water
entitlements as an important instrument of
management. While the concept of water
entitlements or rights has been inherent in
Australian water policies, it takes on particular
significance in the new dispensation. This is
highlighted by the objectives of the NationalWater

Initiative, which, as explained by theNationalWater
Commission, signifies:

• a commitment to identifying over-allocated
water systems, and restoring those systems to
sustainable levels;

• the expansion of the trade in water resulting in
more profitable use of water and more cost-
effective and flexible recovery of water to
achieve environmental outcomes;

• more confidence for those investing in thewater
industry due to more secure water access
entitlements, better registry arrangements,
monitoring, reporting and accounting of water
use, and improved public access to information;
and

• more sophisticated, transparent and
comprehensive water planning.

Tradable water rights are a means of ‘moving’
water to where it may be most productive in
economic terms. But in a stressed situation such as
the Murray, they have to address a great deal more
than simply a quantitative allocation. TheMurray–
DarlingWAP and its review in 2007 speak of water
rights covering the following aspects:
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• water access entitlement (a right to access the
water resource);

• allocation (a share of the consumptive pool);
• water resource works approval (right to install
and use water extraction infrastructure);

• site use approval (right to use water at a
particular site); and

• delivery capacity entitlement (used to manage
access in a constrained system).

In the Angas Bremer area, the existence of these
entitlements made it possible to shift production
patterns from the traditional focus on lucerne hay
to wine grapes. Licensing helped access necessary
water, and some farmerswere able to sell their water
rights to others (including some ranchers selling
rights to wine grape growers). In addition, the
increased asset value of a water entitlement has
enabled an increased financial investment in water-
efficiency technologies by individual water users. It
also encourages efficiency since the nature of
Australian water-use rights is such that a water
efficiency gainmade by the holder of the right does
not diminish the quantum of the right, but enables
the holder to use the water saved to increase
production (Haisman, 2004: 63) (in many other
countries, water ‘rights’ are measured in terms of
the area that can be irrigated).
However, a new dimension was added to

Australia’s watermarketwhen interstatewater trade
was enabled. Tagged trade of water between states
in theMurray–Darling Basin was set to commence
from July 2007 as per the requirements of the
NationalWater Initiative. TheWAP review of 2007
has called for a process where there is the ability to
attach rules to the tradedwater (so that, for example,
any rules managing salinity impacts attached to an
existingwater rightwould be preserved in the trade).

Communications and informationmanagement
system

Communications and information management is
vital for effective water management in complex

circumstances such as those in Angas Bremer. In
addition to theAngas BremerCode of Practice, the
Irrigation Annual Reporting system provides a
simple, low-cost process through which each
irrigator reports information about metered water
use, water table levels and cropped areas, and
receives collated and analysed data for the whole
region.
The Angas Bremer Water Management

Committee (ABWMC) communicates regularly
with its irrigator members. It produces formal
annual reports and public meetings are held each
year to consider the findings and take necessary
action. It also maintains a website on which
much of the information is available (www.
angasbremerwater.org.au/maps.htm), including:

• The Angas Bremer Land and Water
Management Plan;

• Angas Bremer Soil Book;
• Angus Bremer Map Layers CD (with over 100
map layers); and

• Geographical Information System.

This constant communicationwith irrigators has
contributed to the effectivemanagement of the local
water resources.

Institutions

Effective water management depends on the
establishment of effective institutions, as is well
demonstrated in the Angas Bremer case. Although
there had been many ad hoc efforts to address
particular problems, the establishment of the
ABWRCwas an important milestone.
It was theABWRC that tackled the fundamental

problem of historic overallocation of groundwater
and initiated the shift to using surface water from
the Murray system. Once integrated into the
Murray system, the Angas Bremer irrigators
becamepart of theRiverMurrayCatchmentWater
Management Board (RMCWMB), which
superseded the ABWRC in 1997. However, the
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community retained its ability to act collectively by
electing a voluntary committee, the Angas Bremer
WaterManagementCommittee (ABWMC), which
entered into a formal partnership with the
RMCWMB to develop and implement the Water
AllocationPlan (WAP) for theAngusBremer region.
The committee alsoworks closelywith the South

Australia Department of Water, Land and
Biodiversity Conservation. This tripartite
partnership approach has ensured that innovative
policies can be developed and implemented in a
technically robust manner while remaining under
community ownership.
While this ‘alphabet soup’ of organizations is

confusing, it accurately reflects the complex mix of
particularities and interdependency that often
characterizewatermanagement efforts in large and
complex river basins. In this respect, the needs of
the Angas Bremer irrigators could not have been
met were it not for the evolution at national and
basin level of institutions that created a cooperative
frameworkwithinwhich they could find their niche.

Outcomes

What began in theAngas Bremer IrrigationDistrict
as collective local action by a small group of
irrigation farmersworkingwith government officials
to solve their highly specific local water
management problems has, over a few decades,
become inextricably linked to water reform on a
national level. By participating in these reforms and,
arguably, providing some leadership to them by
their practical example, the farming community has
avoided what could have been a crisis of viability
and sustainability, and this community has
expanded substantially.

Physical and economic outcomes

InAngas Bremer both the farmgate income and the
area of irrigation increased, while the volume of
irrigation water used decreased. This was achieved

by implementing new technologies, by changing the
crop mix to take advantage of emerging market
opportunities and by cooperation between users to
implement the changes.
Ameasure of these changes is given inTable 7.1,

which shows how water sources and volumetric
water use evolved over a 20-year period thatmarked
a doubling of the irrigated area.

Table 7.1 A comparison of ABPWA groundwater and
Murray River water use (volumetric and area) in 1981 and
2001

1981 2001

Groundwater use (GL) 26.6 1.5
Recharge (GL) 6 2–6?
Murray River water use (GL) Negligible 16
Total irrigation water use (GL) 26.6 17.5
Irrigated area (ha) 3,400 6,800
Lucerne Hay (ha) c.1700 471
Total area water use (ML/ha) 7.8 2.6
Vines area water use (ML/ha) n/a* 2.1

*n/a = not available; Irrigation Annual Reporting did
not commence until 1996
Source: ABWRC (1996) and ABWMC (2001)

The data show a reduction in total water
application across the region from7.8megalitres per
hectare in 1981 to 2.6 megalitres per hectare in
2001. Over that 20-year period, a 95 per cent
reduction in groundwater use was achieved,
stabilizing the groundwater situation and allowing
the pressure in the confined aquifer to return to its
pre-irrigation state, while the water table showed a
steady rise.
The reduction inwater use reflects a change both

in the crops grown and in increased water-use
efficiency. Such changes have been associated at the
national level with substantial increases in the
commercial productivity of water. In vegetable
production, the return per megalitre of water is
reported to have increased from A$1,762
(US$1,400) in 1996/1997 to A$3,207 (US$2,500)
in 2000/2001 (Sylvia and Skewes, 2008). This has
been attributed to the increased use of water-
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efficient delivery systems such as drip irrigation,
increased use of recycling on-farm, wide-scale
adoption of irrigation scheduling and soil moisture
monitoring, and increased use of whole-farm
planning and soil mapping (Sylvia and Skewes,
2008). Many of these initiatives had been adopted
in the Angas Bremer District.
However, the most important contributor to the

Angas Bremer success story has been viticulture,
driven by a booming wine trade. This transformed
the economics of irrigation in the region and
allowedmany of the investments needed to address
the water resource challenges to be made. Were it
not for the opportunities created by the growth of
the wine industry and the branding of the
surrounding Langhorne Creek as one of the
original terroirs of Australia, the outcomemight have
been very different.
The establishment of anAngus BremerCode of

Practice and its linkage to the Environmental
Stewardship Programme is an interesting and
important illustration of the way in which better

management practices can be supported and
enhanced by partnerships with consumers and
other stakeholders. The focus on raising standards
of vineyard-based environmental management
contributed to higher incomes and environmental
sustainability, as well as providing further incentives
for good water management.

Social outcomes

The outcomes of the Angas Bremer case are less
clear in terms of its social dimensions. The social
impact of water trading is controversial since it has
not been clear to whom the benefits will flow.
Certain politicians were deeply suspicious that
moving large volumes of water through paper
trades would ultimately hurt both farmers and
consumers. Others, including Sharon Starik of the
South Australian Farmers Federation, believed
water trading offered a good business opportunity
and source of revenue for farmers wishing to sell
their unused water rights. And still others, such as
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Amy Goodman, a manager at the River Murray
Catchment Water Management Board, indicated
that ‘on average, there are not huge amounts of
water to transfer anyway. It is not causing significant
movement of water’ (Commonwealth of Australia,
2004).
However, outside of SouthAustralia, it was clear

that trading was impacting the broader community
as opposed to individual farm owners. A recent
report on the issue in neighbouring Victoria State
concluded that:

Communities can find changeandadjustment difficult.
The communities in the case study regions that were
exporting water experienced reduced populations and
less local spending. Communities in the case study
regions importing water experienced increased
populations but did not necessarily have the
infrastructure and services to accommodate the new
arrivals.

(Frontier Economics, 2007)

In Angas Bremer it has been suggested that part
of the reasons for long-term success is the nature of
the community and its social capital: the Angas
Bremer IrrigationDistrict contains only around 160
growers, and many have lived in the area for
generations. It has also been suggested that the
strong local football club has helped further the
sense of community among the irrigators and their
families (Thomson, 2004). Thomson also comments
that:

AngasBremer growers donot have the future option to
profit and retire after selling their land to grow houses
because the district is too far away from Adelaide.
Growers are keenly aware that their livelihoods and the
livelihoods of future generations depend on the
sustainable management of their resources so that
agriculture continues to be viable in the long term.

While the trading issue remains contentious, it
was overtaken by the impact of the 2007/2008
drought that left many farmers without the water
required to sustain their crops. The fact that there
was a mix of annual and perennial crops, of which

the annuals could be sacrificed to preserve the
perennials, has helped some of the irrigators to
weather the challenges to date. However, this
response has been cited as a contributor to a global
rice shortage in 2008 (Bradsher, 2008).

Lessons learned

The Angas Bremer case demonstrates that
achieving goals of improved water management
requires long-term vision, time and patience. It also
illustrates the importance of the economic
framework within which water is managed. Thus
the high prices of wine grapes encouraged the
switch from lucerne hay to grapes. The nature of
the community that allowed people to commit
themselves to achieving their goal, combining their
resources and ‘dreaming the same dream’ as they
work together, was also clearly a contributor to the
area’s success.
A further lesson is that in a federal state such as

Australia, it may be necessary to achieve effective
national coordination over the management of
interstate rivers before local challenges, such as those
that face the Angas Bremer community, can
effectively be dealt with.
In the end, the successful adaptation of theAngas

Bremer farmers was only possible because of the
overall water management framework provided by
the Murray–Darling Basin Agreement and the
institutions that it gave rise to. Local action could
work, to turn water into wine, because that broader
framework was in place.

References

ABWMC (Angus Bremer Water Management
Committee) (2001) Angas Bremer Code of Practice,
Australian Water Environments, Natural Heritage
Trust, Issue No. 1

ABWMC (Angas Bremer Water Management
Committee) (2005) Irrigation in the Angus Bremer Irrigation
Management Zone: 2004–2005 Annual Report, 2005,

102 INTEGRATED WATER RESOURCES MANAGEMENT IN PRACTICE

07c-Integrated Water 089-104  9/2/09  09:33  Page 102



Angas Bremer Regional History, Angas Bremer
Water Management Committee, website: www.
angasbremerwater.org.au

Bradsher, K. (2008) ‘Drought in Australia, a Global
Shortage of Rice’, The New York Times, 17 April 2008

Commonwealth of Australia (2004) Senate, Rural and
Regional Affairs andTransport References Committee, Reference:
Rural water usage in Australia, Tuesday 20 April 2004

DWLBC (2007)Angas Bremer PWAGroundwater Status Report
December 2007, Department of Water, Land and
Biodiversity Conservation, Government of South
Australia, Adelaide

Frontier Economics (2007)The Economic and Social Impacts
of Water Trading –Case studies in the VictorianMurray Valley,
Report for the Rural Industries Research and
Development Corporation, National Water
Commission andMurray–DarlingBasinCommission,
RIRDC Publication No. 07/121

Haisman, B. (2004)Murray–Darling River Basin Case Study
Australia, Background Paper, (produced for) World
Bank research project: Integrated River BasinManagement
and the Principle of Managing Water Resources at the Lowest
Appropriate Level – When and Why Does It (Not) Work in
Practice? World Bank: Agriculture and Rural

Development Department, Water Resources
Management Group and the South Asia Social and
Environment Unit, Washington

Muller, K.L. (2002) A Partnership Approach to Environmental
Stewardship in Langhorn Creek, SA, paper presented at the
Second National Wine Industry Environment
Conference and Exhibition, Adelaide, SA, November

SAMBNRMB (South Australian Murray-Basin Natural
Resources Management Board) (2007) River Murray
Water Allocation Plan Review, Government of South
Australia, Adelaide, June

Schonfeldt, C. (2000) Future Water Resources for South
Australia, ATSE Focus No. 111, March/April,
www.atse.org.au/index.php?sectionid=440

Sylvia, S. and Skewes, M. (2008)Maximising Returns from
Water in the Australian Vegetable Industry: South Australia,
NewSouthWales,Department of Primary Industries,
pp1–22. Also available from www.ruralsolutions.
sa.gov.au

Thomson, T. (2004) Learning together at Angas Bremer, SA
Department of Water Land and Biodiversity Conservation,
paper presented to Irrigation Association of Australia
Conference in Adelaide, 12 May 2004

FROM WATER TO WINE 103

07c-Integrated Water 089-104  9/2/09  09:33  Page 103



07c-Integrated Water 089-104  9/2/09  09:33  Page 104



Part Two–Basin Level
A number of the local cases, notably those of Sukhomajri and the Angas Bremer area, show that, while
very local water management challenges in small communities can successfully be addressed by local
action, there are limits to such action. All too often, action in one community impacts on others, both
positively or negatively, and a broader framework of action is required.

This is a critical message. While the principle of subsidiarity, dealing with issues that only affect local
people at local level, is important, it should not be interpreted to mean that local issues can be solved at
local level solely within a local framework.

The challenge is to know when and how to make the connections with the larger universe. So while,
initially, the Angas Bremer farmers could manage their limited groundwater resource entirely locally, to
sustain and expand their farming activities they had to engage in the broader challenges of managing
water in the much larger mother basin.

The implication is that arrangements at the larger scale must provide a robust framework for big,
strategic, decisions, while allowing local issues to be managed locally. In many cases, the appropriate level
for this is the river basin.

The establishment of an effective basin-wide institutional framework that still allows and encourages
local-level cooperation is arguably one of the greatest challenges of water resource management and is
often an evolutionary process. In Japan’s Lake Biwa, the tension between local, regional and national
priorities was at the centre of the conflicts that continued for many years before some harmony was
achieved. In the Yangtze case, on the other hand, it can be argued that, while the ‘macro-management’
framework is in place, the linkages from national to basin to local level are still emerging.

In this context, the Lerma–Chapala case is encouraging, representing as it does another case in which a
process of trial and error has led to an outcome which, if not perfect, has addressed the most acute
challenges and provided a platform for a sustainable future for the local residents.
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8
TurningWater Stress intoWaterManagement
Success: Experiences in the Lerma–Chapala River
Basin
Jorge Hidalgo1 and Humberto Peña

River basins around the world are experiencing high levels of water stress, with water withdrawals greatly exceeding
utilizable levels. The Lerma–Chapala in Mexico is an extreme example. In this, one of the world’s most over-committed
basins, demographic growth, coupled with industrial and agricultural development, led to a serious imbalance between
water withdrawals and availability. Upstream agricultural drain of the Lerma River contributed to continual declines in
water levels and the shrinking surface area of Lake Chapala, while water quality decreased steadily as the demands from
human settlements, farmers and industry continued to grow.

The dying lake and the fierce competition for water set the stage for concerted action by various stakeholders. A regional
basin council,Mexico’s first, with input from three levels of government and representatives from various water user groups,
was identified as the best way to move towards sustainable water management. Individual states agreed to assume
responsibility for clean-up programmes and a master water plan was created with input from stakeholders, including civil
society. There are now local Basin Councils, local Water User Authorities and local Aquifer Management Councils
throughout the region.

The case shows that heightened hydrological, social and ecological interdependencies in river basins, caused by increased
pressure on water resources, demand more integrated management approaches. And it also suggests that adaptive, multilevel,
collaborative governance arrangements may be better suited to cope with competing political and economic interests and
increasing water scarcity than more centralized forms of water management.
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Mexico’smove fromdevelopment to
integratedmanagement

At the beginning of the 1970s,Mexico presented its
firstNationalWater Plan.The planwas the basis for
changing the approach to water management in
Mexico – from water resources development to
integrated water resources management (IWRM).
The conclusion of this important policy document
was that Mexico had enough water and land to
support its future development, but only if those
resources were used and managed in an efficient
way (CPNH, 1975). The Plan put forward nine
recommendations forwater resourcesmanagement
to ensure its contribution to wealth and welfare:

• To make use of irrigation and drainage
infrastructure at maximum efficiency.

• To assure that all the regions with hydroelectric
potential were developed.

• To build pilot projects as the first steps to large
actions where experience or information were
insufficient.

• To give an impulse to and motivate formal and
informal capacity-building of human resources
at all levels.

• To stimulate and organize appropriate basic and
applied research on Mexican water realities to
improve the use, reuse and control of water
quantity and quality.

• To promote permanent education and public
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awareness programmes to create a new water
culture for the rational water use.

• To promote stakeholders’ participation in the
planning, construction and operation of
hydraulic works.

• To implement integrated programmes of
infrastructural and institutional actions and
support.

• To take into account in planning and
management decisions the interdependence of
surface water and groundwater as a same
resource, at the local and regional level.

The Planwas approved byMexico’s President in
1975, and the next year the National Water Plan
Commission was established to implement, control
and evaluate it. To realize the recommendations it
was necessary to change the approach to water
governance. So at the beginning of the 1980s,
six regional water resources offices, dependants of
the Water Resources and Agriculture Secretary,
were installed to study and get better information
on the river basins that they covered. This was the
beginning of a new organization in thewater sector
of Mexico.
One of these regional water agencies was the

Lerma–Chapala River Basin Regional
Management. It was given responsibility for
planning the water resources of the Lerma–
Chapala Basin. It is important to know thatMexico
is a republic integrated by the union of 32 states, so
there are three levels of government: the federal, the
state and themunicipal. Each state andmunicipality
is independent of the federal government, but,
despite this, historically the country has had a very
strong centralism. Thus the decision of the federal
government to create these new regional agencies
was an important first step towards decentralizing
the water administration and achieving more
efficient coordination with the states and
municipalities.
The Lerma–Chapala Basin is part of the

hydrological system formedby the rivers Lerma and
Santiago (see Figure 8.1). It includes part of the

states of Guanajuato, Jalisco, Mexico, Michoacán
and Queretaro, and has a surface area of 51,887
km2. The Lerma River originates in the
Chignahuapan lagoon, in the State of Mexico in the
higher part of the western Sierra Madre; it has a
length of 708 km and ends in LakeChapala. At this
point the Santiago River originates and, after
traversing 650 km, ends in the Pacific Ocean.
Since the early 1980s water has not flowed

naturally from Lake Chapala into the Santiago
River, due to the intensive use of water in themiddle
and lower reaches of the Lerma. Thus the Lerma–
Chapala system is considered a closed basin from a
hydrological point of view, with no natural outflow.
The mean annual precipitation in the region is
771mm, butmost of it is concentrated in the south,
in the highland areas, while in the centre and
northern part of the basin the precipitation is lower,
between 400 and 500 mm. This precipitation
regime gives to the region a semi-arid climate with
rains in the summer.
The Lerma–Chapala Basin is located in what

was historically Mesoamerica, and for that reason
its natural resources have a long history of
exploitation. However, it was not until the 20th
century, and specifically after the 1940s, that
gradually an imbalance in the use of water began
to grow – driven by the massive construction of
hydraulic infrastructure, high demographic growth,
the industrialization process and a large increase in
irrigated agriculture.
In 1940, there were 2.5 million inhabitants, of

which more than half lived in rural areas. Between
1950 and 1990 there was a period of rapid
demographic growth, with an annual mean
population growth rate of 2.65 per cent. By 2000
the river basin was supporting around 11 million
people living in the basin (10 per cent of the
country’s population), plus another 5million people
that benefited from the transfer of its water to
supply the cities of Guadalajara and Mexico City.
For the year 2030 the projection of the population
is estimated at 13.2 million inhabitants inside the
basin.
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The relation between the population and the
available water indicates that there is a strongwater
stress in the basin; this indicator is approximately
1,000m3/inhabitant/year. As a result, competition
between water uses is becoming more intense and
the conflicts surrounding water allocation, use,
quality and conservation are increasing in
frequency.
There are six large citieswithmore than 1million

inhabitants that are competing for water in and
outside of the basin:Toluca-Metepec-Lerma, Leon,
Morelia and Queretaro inside, and Guadalajara
and Mexico City outside of the hydrologic region.
Also there are 34 localities with more than 20,000
inhabitants; this number of cities concentrated in
the basin is greater than in any other basin in the
country. Among the urban population, 94 per cent
has access to a domestic water supply, 91 per cent to
the sewer systems and just 32 per cent to the
sanitation systems. In the rural areas, 76 per cent of
the population has access to water supply, 38 per
cent to sewerage and only 1 per cent to sanitation.
According to incomes, half of the population has a
low socioeconomic level, 30 per cent amedium level
and 20 per cent a high level.
Between 1980 and 1990, rapid industrial

development occurred in the basin. At present there
are several large industrial corridors that combined
generate almost 66 per cent of the gross national
product of the country’s industrial sector, equivalent
to aroundUS$74million. Although these industries
do not demand much water, they compete for a
scarce resource and discharge a high concentration
of pollutants to the river and water bodies (see
Figure 8.2).
Agriculture also experienced a period of rapid

growth. More than half of the land in the basin is
used for agriculture – approximately 3 million ha,
of which 830,000 ha are equipped with irrigation
infrastructure. The most important irrigation
projects were built from 1940 to 1980. This sector
uses 92 per cent of the surfacewater and 75 per cent
of the groundwater available in the basin. The
global efficiency of the irrigation districts is low; it

varies between 33 and 40 per cent, but at basin level
water-use efficiencies are very high due to the reuse
of water.
The environmental degradation is a clear sign of

poorwater and landmanagement in the basin.Due
to its geographical location, the volumes of water
stored in Lake Chapala are an indicator of the
behaviour of the total watershed. In particular, the
lake reflects the growth of water demand in the
upper part of the basin and also the effects of
wastewater discharges without previous treatment
that have degraded the quality of the lake’s water.
In the 1990s and early 2000s, the Lerma–Chapala
Basin passed through a serious crisis whose more
notorious manifestation was the sharp decrease in
the volumes of water stored in Lake Chapala (see
Figure 8.3), the largest natural lake in Mexico and
the third largest in LatinAmerica.Whereas theAral
Sea lost 75 per cent of its volume in four decades,
Lake Chapala lost 90 per cent of its volume in two
decades, from 1981 to 2001. In July 2001 the lake
held only around 15 per cent of its capacity, and,
adding insult to injury, this water was severely
contaminated. Somewatermanagers supposed that
this drop in the storage of the lake was due to
drought conditions in the region, and certainly
drought was a factor, but it was not enough to
explain such a dramatic water shortage. Other
mentioned causes were the growth of the demand
due to demographic and economic reasons, but if
the government’s data are reviewed, the direct water
extraction from the lake in the 1990s was not that
different from, for instance, the 1980s. Rather, this
crisis wasmainly caused by historical deficiencies in
water governance in the basin. Due to accelerated
economic growth and lack of good data, between
the 1940s and 1980s the federal water authority
gave an over-concession of the water rights. Not
surprisingly this led to over-exploitation of water
sources and a severe water imbalance (see Figure
8.4). Between 1991 and 2001, Lake Chapala
received less inflow than the amount of water
leaving the lake through evaporation and
extractions for Guadalajara and irrigation. This
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yielded an annual mean deficit of 400 million
hectare metres (hm3).
The mean precipitation in the watershed

generates a runoff of 5,513 hm3 and an annual
aquifer recharge of 4,016 hm3 in the 37 aquifers
identified. Irrigated agriculture is the main water
user in the region: eight irrigation districts and 1,136
small irrigation units deplete some 4,550 hm3 of
surface water (this includes 830 hm3 of evaporation
from all the dam reservoirs and water bodies in the
hydrologic region, except for Lake Chapala, which
evaporates 1,440 hm3 per year ), while almost
12,000 small irrigation units use 3,869 hm3

groundwater. The second main water user is the
urban sector; with Guadalajara using 237 hm3 and
Leon,Morelia andToluca together some 60 hm3 of
surfacewater (Dau andAparicio, 2006). The rest of
the localities satisfy their demand through almost
3,000 deep wells that exploit 841 hm3 of
groundwater; 35 per cent of this volume is
transferred to support the demand of Mexico City.
The total water depletion of these three uses

(irrigated agriculture, urbanwater and evaporation
from water bodies) is already more than the
renewable amount of water available. If we include
the otherwater users, the overexploitation of surface
water resources is 982 hm3 and the groundwater
deficit is 1,143 hm3. Therefore, of the 37 aquifers
identified in the region, 18 are over-exploited. Static
water levels vary between 40 m of depth in the
equilibriumaquifers andmore than 120mof depth
in the over-exploited aquifers.
In addition to water over-exploitation, water

pollution and soil degradation are serious issues in
the basin. The environmental impacts of
agricultural and industrial activities are severewater
pollution and land degradation covering 72 per cent
of the basin’s area. The two most important
processes are declining soil fertility (accounting for
57 per cent of land degradation) and soil erosion
(accounting for 33 per cent of land degradation).
The highest rate of negative land-use change is
found in the forest areas; deforestation in the upper
basin is a serious problem that has to be addressed.
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As a result of these factors (fast economic growth,
high demographic density, and poor water
management), the water-use and environmental
problems in the Lerma–Chapala basin have
increased since the late 1970s, making it difficult to
sustain economic development and at the same time
to preserve the environment, especially where it
concerns Lake Chapala. At the time of writing, the
basin has the following problems (CNA, 2001):

• considerable reduction in thewater level of Lake
Chapala between 1981 and 2003, despite the
existence of a Surface Water Distribution
Agreement for the basin signed in 1991, which
could not reverse this trend;

• groundwater overexploitation of nearly 1,143
hm3/year;

• water quality deterioration due to point and
diffuse water discharges estimated at 49 T/day
of nitrogen and 15 T/day of phosphorus;

• low irrigation efficiency, estimated at 35 per
cent, in almost 800,000 hectares distributed
within irrigation units and districts;

• low average efficiency in urban water supply
systems, estimated at 44 per cent, and lowwater
supply coverage in rural areas;

• growing conflict between water users due to
competing water uses;

• degradation of water and other natural
resources due to lack of environmental
consciousness;

• high social, cultural and productive
heterogeneity, which makes natural resource
management very complex;

• lack of coordination between user groups and
governmental offices responsible for natural
resources management; and

• a poorly functioning hydro-climatologic
measurement and monitoring network.

The approach

As discussed above, starting from the 1980s the
natural conditions in the basin changed radically;
the hydrological cycle and the ecosystems of the
basinwere seriously altered by human activities, and
at the same time a drought period started. Lake
Chapala began to dry up (see Figure 8.3) and water
scarcity began to increase. The conditions for
unsustainable development andwater conflicts were
established.
To address this increasingly dire situation the

federal government established the Lerma–
Chapala Basin Regional Management (LCBRM).
This was the federal government’s first step towards
admitting that centralized water management was
not an appropriate approach and that changeswere
needed in the institutional roles.
During the 1980s the LCBRM worked hard in

order to collect more information, improve the
water plan, define better institutional roles and,
most importantly, to involve all basin stakeholders
in decision-making.The results from this effort were
manifested in the first coordination agreement
between the federal government and the
governments of the five states that share the water
resources of the basin, which was signed in 1989.
The purpose of the pact was to modify water
allocationmechanisms, to improvewater quality, to
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increase water-use efficiency and to conserve the
basin’s ecosystems.
To implement and evaluate the actions derived

from the agreement it was necessary to establish a
Control andEvaluationAdvisoryCouncil (CEAC),
a technical working group consisting of
representatives of the federal and state
governments. The CEAC, which was formed in
September of 1989, designed new rules for surface
water reallocation. These were approved by
consensus by the main stakeholders and signed in
August of 1991. At the same time, the first stage of
the water treatment programme had begun with
important works in the most crucial areas of the
basin. There were 106 water treatment plants
planned under the programme,whichwere capable
of treating 14,821 l/s of effluents discharged to the
Lerma River.
The experiences gained in the Lerma–Chapala

Basin influenced changes in the 1972 Mexican
Federal Water Law. In December of 1992 the
Federal Water Law was reformed and important
modifications were included. One of them was to
include provisions for the constitution of advisory
and coordination bodies that can formulate and
execute actions and programmes to improve water
management, develop hydraulic infrastructure and
preserve water resources – i.e. the Basin Councils.
The new law established the rules of the game

for an enabling environment. Thus, based on the
1992 National Water Law (NWL), the CEAC was
transformed into the Lerma–Chapala Basin
Council (LCBC) on 28 January 1993. With the
creation of the first basin council in Mexico, the
water policy in Mexico began to build new
mechanisms and forums for enabling all
stakeholders to play their respective roles in the
development and management of water resources,
and for facilitating and exercising their
participation. On that date, the second stage of the
sanitation programme started along with several
other important actions, such as the promotion of
fishing, clean-up, efficient water use and watershed
management programmes.

As part of the decentralization promoted by
the federal government, in December 1989 the
National Water Commission was established as
the federal water authority. During the 1990s, the
irrigation districts were transferred to the
agricultural users. In each state a State Water
Commission was set up as a facilitator for the water
authority, and thewater userswere organized in civil
associations in order to participate as representatives
of their water uses in the Basin Councils.
More recently, on 30 April 2004, a revised

version of the National Water Law was published,
based on the following principles:

• integrated water resources management is the
better way to approach water conflicts and its
problems;

• water resource and its management is
considered as a strategic resource and national
security; and

• the basin as the unit of planning and
management.

The revised water law further clarified the
enabling environment, defining institutional roles
and management instruments as complementary
elements of an effective water resources
management system; it strengthened the Basin
Councils, giving them more responsibilities and an
organizational structure; and it defined the basin
commissions, the technical watershed committees
and the technical aquifer committees as instances
of participation at different levels. It also
transformed the river basin regional management
offices into basin organizations, recognizing them
as the regional water authorities. At the time of
writing, the Lerma–Chapala Basin Organization
(LCBO) and the LCBC share responsibilities for
leadership in water governance in the basin.

Instruments used

In order to tackle the problems of the river
basin, and within the context of the institutional
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changes described above, diverse instruments were
developed. These can be grouped under the
following points.

River basin water resources management plan

The first instrument developed was the Lerma–
Chapala Basin plan. With this instrument the
authorities and stakeholders could prioritize their
problems and strive for the best solutions for
everybody based on win–win scenarios. The
priorities were:

1 to define a new mechanism to reallocate the
water for all uses and users in the basin;

2 to clean-up the water in the whole region;
3 to improve the efficiencies in the hydraulics
systems, and

4 to restore as much as possible the damaged
environment.

The planwas developedwith the participation of
the stakeholders, discussed with government
representatives and agreed to by consensus. Thus, its
implementationwas easy; everybodycooperatedand
allocated sufficient financialmeans to implement the
two stages of the water treatment programme.

Programme of water resources assessment
and its use

Water resources assessment was another important
instrument used. The assessment, which
determined water resources availability and
demand,was critical for defining new rules forwater
reallocation. Over the course of two years, the
appropriate hydrological studies were conducted
and the results were presented and approved by the
CEAC in August of 1991. The water accounting
showed that the natural water system in the basin
had been changed drastically; there was no more
available water in the river basin, and both surface
water and groundwater were revealed to have a
significant deficit (see Figure 8.4).

The agriculture users demand more water than
any other users, and, before the 1991 Agreement
Act, nobody took into account the environmental
water demand for Lake Chapala. Thus, the rules to
reallocate the water considering Lake Chapala as a
userwere relevant and an advanced tool at the time.
Unfortunately, the disposable datawere not enough
to define efficient rules for allocating the water in a
drought period; and so during the period 1994–
2001 the level of Lake Chapala went down 4m, 70
per cent of the volume was lost, and the conflict
among water users increased.
This situation spurred the LCBC to hire the

Mexican Institute for Water Technology (IMTA) to
perform scientific studies and develop appropriate
technology tools.The first stepundertakenby IMTA,
in order to improve the water balance, was a
hydrological study of the lake, with an emphasis on
the proper estimation of evaporation and the runoff
in watersheds without gauge systems. After that, it
made an assessment of water pollution in the basin
and the lake, and some studies to determinate the
water consumption, the public perception of water
value, and to analyse the social conflicts over water.

Technical support for the agreements

A special tool was developed by IMTA to
understand why the allocation rules did succeed in
restoring Lake Chapala and to soften the conflict
over water. IMTA developed a dynamic basin
simulation model, together with a special technical
group that represented the interests of the
stakeholders in the different states. All together
worked hard:

1 to understand the complex systems (natural and
human), they studied how the key elements of
the systems were related and interacted;

2 to build themodel, they chose a simple software
platform (Stella® software);

3 to calibrate the model, it was necessary to be
transparent with all data and information used;

4 to validate the model, several tests were
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conducted in order to gain trust in and outside
of the group; and

5 to design and evaluate scenarios, each member
of the group simulated the scenarios that best
represented the interests of its state and
stakeholders, and could appreciate the impact
of the decision.

The group evaluated all the scenarios using
economic, social, technical, political and
environmental criteria. The model proved to be
essential in the consensus building process, since it
helped to create the proper climate for discussions
based on facts rather than opinions; thus it was
possible to overcome the existing impasse.
This exercise was very helpful to sensitize all

participants in the process of conflict resolution and
negotiation that followed. IMTA acted as a
mediator in the process until the newagreementwas
signed on 14 December 2004 by the President of
Mexico and the five State Governors. On 14
January 2005 it was signed by the users’
representatives in Guadalajara, Jalisco.
The negotiation process lasted more than three

years and more than 35,000 working hours were
invested in it by the participating parties. The new
2004 Water Allocation Agreement considers
hydrological, economic, social and environment
criteria and uses a dynamic basin simulationmodel,
together with an optimization model based on a
genetic algorithm, to decide how to allocate the
water to all users, including Lake Chapala.

Communication and transparency policy

Special attention has been given to communication
and information systems. These instruments have
been used by the LCBOand LCBC from the 1980s
onwards. The LCBC is the main forum for
communicating what happens in the basin. All
decisions are made by the Basin Council, and it is
responsible for summoning and informing all the
stakeholders about the advances achieved in relation
to the basin management plan. The community is

well informed by all kind of media and the LCBO
has an online information system at www.cna.
gob.mx/LermaWeb.
The Red Lermawas recently established to help

both basin organisations in decision-making and
information dissemination. This network is led by
the six main universities in the basin. They share
research projects oriented towards providing specific
solutions to the relevant problems identified in the
basin and they contribute to institutional capacity-
building.

Development of the economic and regulatory instruments
One of the causes of the conflicts in the basin has
been the over-concession of the water rights. The
solution to this problem was conceived in terms
of combining two management instruments –
allocation by a market-based instrument in
conjunction with a regulatory instrument. As there
is no extra water available in the basin, it is
imperative to design public policies and instruments
that promote efficient water use, order the
concessions, regulate the existing water market
operations and facilitate the transfers of water
rights, warranting the fulfilment of the law to the
benefit of the public interest and the basin. The
reform of the 2004 National Water Law
contemplated the establishment of water banks that
would regulate the transfers of water rights, based
on clearly defined rules. The proposal made by
IMTA was to implement the Lerma–Chapala
Water Bank. This bank will be a central element
of public policy to solve the water scarcity
problem in the basin in the short, medium and
long term, because it will help to regulate the
supply and demand of the water resource
through the voluntary transfer of water rights
between users.

The Lerma–Chapala Basin and IWRM

The efforts carried out in order to solve the problems
of the Lerma–Chapala Basin have been inspired by
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IWRM. In effect, the solutions were based on an
integrated vision that took into account the diverse
elements that directly or indirectly are associated
with water resources management.
Integrating water management within the

administrative division of the country and ensuring
water was on the political agenda were important
first steps. But to achieve these, a change in
awareness was needed – people had to realize that
water was at the centre of a larger crisis (economic,
social and political) that threatened the set of
activities in the river basin and that gave water a
strategic importance for development.
The success in achieving this change was

reflected in the signature of the Surface Water
Distribution Agreement in 1991, in the results of
the first stage of the cleaning programme, in the
actions of reforestation of themost damaged zones
of the river basin, and in the creation of the
groundwater technical committees and of the
TurbioRiver BasinCommission, which governs the
most contaminated tributary of the Lerma River.
Implementing IWRM is not an easy task; it

requires a great effort of persuasion, patience and
perseverance, which means time. Because the
implementation of IWRM depends on, first, the
good will of politicians and establishing the
favourable conditions of an enabling environment,
second, the organization of institutional roles, and,
third, identifying and implementing the
appropriates management instruments, it takes a
long time to see outcomes and impacts. In Mexico
it has taken more than 30 years to see some results,
but at the beginning of the 21st century we are
satisfied that we havemade the right decisions at the
right times.
TheLerma–Chapala Basin has been the IWRM

laboratory in Mexico. Important outcomes of the
lengthy negotiations that have taken place in the
basin are the signing of three agreements acts: the
first was signed in 1989 to achieve the water
resources and sanitation plan in order to preserve
LakeChapala and reach a sustainable development
in the basin; the second was signed in 1991 to

coordinate the allocation and uses of the surface
water; and, finally, the third was signed in 2004 to
coordinate the recovery and sustainability of the
Lerma–Chapala Basin.

The outcomes and impacts

The implementation of the tools and actions
described above has had several impacts.
From the social point of view, the stakeholders

know more about the problems of the basin; they
are sensitized to the issues and are more willing to
participate in the solutions, and, as a consequence,
conflicts are minimized. The LCBC has been
consolidated; its neworganizational structure allows
more flexibility to attend to the problems and
conflicts related to the basin, sub-basins and
aquifers. It plays the main role in creating popular
awareness and understanding, and it has been the
facilitator to ensure collaboration across sectors and
boundaries. The Red Lerma is another good
indication of the will to participate: the universities
took the initiative by themselves to coordinate and
share experiences and knowledge to solve important
problems, to develop appropriate technologies, to
build institutional capacities, to disseminate
information and to advise the LCBC.
Environmentally speaking, Lake Chapala

recovered its natural capacity level before the last
agreements act. A volume of 955 hm3 was released
from the dams to the lake, which is now considered
another user in the water allocation decision-
making. The new allocation rules require that the
water surplus, in excess of the dams’ operation
levels, have to be released to the lake. The water
quality of the LermaRiver is improving. At the end
of the second stage of the water treatment
programme, it had cleaned up 8,952 l/s (60.4 per
cent) of all water discharges in the river. With the
signing of the 2004 Agreement Act, the LCBC
approved the beginning of the third stage of the
water treatment programme, which would cover
100 per cent of all discharges.
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Technological advances have also benefited the
basin. The dynamic river basin simulationmodel in
conjunction with an optimization model is one
example. There are other models to study the
aquifers in the basin: for example, the Guanajuato
State Water Commission has developed
groundwater models to analyse its overexploited
aquifers. The irrigation districts of the states of
Mexico, Michoacan and Jalisco have signed
agreements with the National Water Commission
to modernize their irrigation systems in order to
improve their efficiency. The water saved will be
deducted from the water rights of these irrigation
districts, andwill be reallocated for the sustainability
of the basin and the recovery of Lake Chapala.
The economic impacts that came from the

agreements can be estimated in the irrigated
agricultural production. The new water allocation
rules guarantee that irrigated agriculture receives
at least 50 per cent of the maximum volume
conceded by federal government during drought
seasons; in the past agriculture received at most
30 per cent of conceded volumes during
droughts. Also with the cooperation of all
stakeholders, it was possible to finance the two first
stages of the sanitation programme: US$240
million was invested in construction of 52 water
treatment plants.
The change in the National Water Law related

to basin organizations is another important legal
impact of the experiences with IWRM in the
Lerma–Chapala Basin.The influence of theLCBO
andLCBC is generating benefits not just in Lerma–
Chapala, but also in the rest of the country. It is in
the Lerma–Chapala Basin that several important
experiments and changes in water governance
occurred, in such a way that they will transform
institutional roles throughout the country. Those
initiatives are now part of the approach of
integratedwater resources river basinmanagement
in Mexico. The current water policy promotes the
decentralization of water resources management
with a river basin focus, and with a broad
participation of the stakeholders and governmental

authorities in order to reach sustainable water
resources management.2

Maybe the most important challenge in Mexico
is how to finance all the activities required by
IWRM. It is clear that the core of IWRM is the
compromise and the cooperation of all the actors in
the solution of the problems, but in Mexico the
main financial source is federal funds. The
integration of local governments and private or
social-capital contributions with the federal
donation is not enough to cover all the solutions. So,
we have to be intelligent and efficient at times in
applying the budget to the river basin development
programmes.

Key lessons learned

From the experiences with IWRM in the Lerma–
Chapala Basin we can list some key lessons (Mestre,
2005).

Institutional lessons

• In Mexico it was possible to implement
integrated water resources management at the
desirable level of the river basin. We adopted a
bimodalwatermanagementmodel – looking for
a natural equilibrium between the authorities
and stakeholders, and, in the case of theLerma–
Chapala Basin Organization and its Basin
Council, the model has been working very
well.

• It was very productive from the beginning to
consider the three government levels in the
negotiations with stakeholders.

• The agreements signed considered not only the
political commitments, but also the human,
material and financial resources to realize the
water resources basin programme.

• It is very important that any agreement has to
have a corresponding financial backing, as in
that way it is easier to gain the support of the
population.
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• The General Assembly of the LCBC is a
fundamental part of the basin governance; it is
a democratic and transparent platform for
stakeholders’ participation. Both governments
and civil society must collaborate in the
prevention and resolution of conflicts. It is clear
that the goals are more easily achieved when all
groups are working together.

Social lessons

• Society responds faster than government;
centralism is waning, and the demands of
society are changing the way the authorities are
perceived and the way government works.

• The private sector is increasingly taking the lead
in development projects.

• Local authorities are empowered by IWRM
processes.

• Well-organized civil organizations respond
strongly during decision-making processes, and
are able to share responsibilities.

• The river basin commission is a good forum for
discussions of diverse visions and for decision-
making. It encourages tolerance between
interested parties and opens the way for
processes of participative democracy.

• It is urgent that society be enabled to increase
its knowledge and ability to engage productively
in debates; the construction of a new water
culture is indispensable in the advancement of
the IWRM.

Notes

1. Since 1995, Jorge Hidalgo has served as researcher
with the Mexican Institute for Water Technology,
which provided technical support to the Lerma–
Chapala process described here.

2. The dynamic participation of this Regional
Management (the LCBRM) in bringing a new vision
to bear on the problems of the basin was one of
the reasons the International Network of Basin
Organizations had its first general assembly inMexico;
EduardoMestre wasManager of the LCBRMand, at
the same time, he was president of INBO in 1994.
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9
Turning Conflict into Opportunities:
The Case of Lake Biwa, Japan

Simi Kamal

Freshwater lakes are often a focus for interaction among upstream and downstream communities and those who live around the
lake. Lake Biwa in Japan is a typical case, with a relatively small population upstream (engaged in intensive agriculture), the
populous megacities of Kyoto, Osaka and Kobe downstream, and a substantial community living around the lake whose economy
has gradually shifted from a focus on manufacturing industry to tourism.

Reflecting this interaction, the history of Lake Biwa’s management is one of conflicts over competing uses of water – between
water for nature and water for development, between the local administrative unit of the Shiga Prefecture and the central
government, and between rural watershed areas and the downstream megacities.

This case is an example of the evolution of water resources management, from an initial focus on infrastructure development
– aimed at supporting economic development and protecting communities against floods – to a focus on protecting water quality,
and finally to an approach that seeks to meet the needs of a diverse group of stakeholders while achieving environmental
sustainability and more efficient water use.
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The development context andwater
challenges

Formed about 4 million years ago, Lake Biwa is an
ancient lake of great historical and cultural
significance. With a surface area of 670 km2, Lake
Biwa is the largest lake in Japan. It lies in the upper
reaches of the relatively small (8,240km2)YodoRiver

Basin, above one of the most urbanized and
developed regions in theworld (Nakamura, 2007: 34).

While more than 400 tributaries flow into the
lake, only one natural watercourse, the Seta River,
flows out of Lake Biwa. The Seta River is joined by
the Kizu and the Katsura Rivers to become the
Yodo River, which flows into Osaka Bay and
eventually to the Pacific Ocean (see Figure 9.1).
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The history of Lake Biwa’s planned
management goes back more than a century to an
episode of severe flooding in 1896, which caused
substantial damage in the region. This led to the
dredging of the Seta River at the outlet of the lake
and, soon after, the construction of the Seta weir,
the lake’s first artificial water-flow control facility.

Half a century later, Lake Biwa became an
important focus of development to support the
programme of industrialization and urbanization
thatwas initiated after the SecondWorldWar. It was
the main source of water to meet increased
demands from the burgeoning industries and urban
areas of the Kinki region (including the cities of
Osaka and Kobe).

By the 1960s, it became apparent that the
explosive industrial and population growth in the
region was leading to wide-scale pollution and
the destruction of important habitats around the
lake. In addition, extensive urbanization and
development sawwetlands and connected lakes and
waterways filled in to create new agricultural lands.
One consequence was deteriorating water quality,
as a result of increased nutrient loading and
depleted oxygen levels. In addition, important
environmental habitats were being lost (Lake Biwa
Museum, 2008):

• 85 per cent of the area of attached lakes and
wetlands, which are crucial for the spawning of
some of the endemic and commercially
important fish, were filled in as rice fields.

• Over 50 per cent of reed beds – an important
habitat for birds, fish and invertebrates, which
also help to remove excess nutrients from the
lake – were lost.

• Extensive channelization of inflowing streams
of rivers impoverished the fauna and flora.

• Land reclamation and development saw
approximately one-third of the lake’s shore built
up, with major roads running along the lake.

During the 1970s, pollution became so bad that
it began to threaten both human and ecosystem

health. Chemicals from agricultural runoff,
untreated sewage and wastewater, and industrial
effluents, including heavy metals, combined to
degrade soil andwater quality and contaminate fish
and shellfish. Excessive levels of nutrients such as
nitrogen and phosphorous caused massive algal
blooms and red tides in the lake in 1977. The
eutrophication – the reduction of dissolved oxygen
in the water due to overgrowth of algae and other
plants – encouraged invasive species to flourish in
one of the most biologically diverse areas of Japan
(Kira et al, 2005).

The problems were compounded by further
human intervention when alien species, especially
black bass (Micropterus salmoides) and blue gill (Lepomis
macrochiru) were introduced into the lake for sport
fishing and dramatically increased in number, at the
expense of the native fish.

In addition, the regional Shiga Prefecture
government actively promoted the construction
of infrastructure along a substantial portion of the
lake – much of which was designed to support
tourism.

Responses – addressing the challenges

While the history of water resources development
interventions in Lake Biwa goes back to the 1950s
and before, the conflicts began to be critically
articulated in the 1970s. From this time onwards
there were a number of processes with IWRM
characteristics that were tried and that led to a
cascade of results over three decades (seeTable 9.1).

Infrastructure interventions

Initial infrastructure developmentwas to address the
flooding and water shortages that threatened
communities downstream and around the lake.
According to official records, the 1896 flood that
provoked the earliest interventions inundated
16,594 hectares of land around the lake for eight
months, as water levels rose 3.7 metres above
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normal. This led to the dredging of the outlet and
the construction of the Seta weir to enable outflows
and lake levels to be controlled.

But too much water was only one aspect of the
problem. In drought years, downstream
communities dependent on flows from the lake also
faced water shortages when there was not enough
outflow. In 1978, water restrictionswere in place for
161 days of the year – with serious economic and
social impacts for downstream communities. In
addition, navigability of the river, at that stage still
important for fishing boats, was impeded by shallow
water during dry periods (Japan Water Agency,
2003).

To address these issues, a further series of
infrastructure interventions was initiated in 1972
through what became known as the Lake Biwa
Comprehensive Development Project (LBCDP).
This actually consisted of two main projects, the
Lake Biwa Development Project led by the Water
Resources Development Public Corporation (what
is now the Japan Water Agency), and a Regional
Development Project overseen by the government
administration at the national, prefectural and local
levels.

The most important infrastructure work
under the LBCDP allowed navigation and water
abstraction to be maintained even when the lake
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Table 9.1 Lake Biwa water resources development and conservation milestones

Year Laws, regulations, institutions

1950s Water resources development interventions in Lake Biwa
1961 The Water Resources Development Promotion Law
1963 Kinki Region Improvement Law (KRIL)
1967 The Basic Law for Environmental Pollution Control
1969 Pollution Control Ordinance, Shiga Prefecture
1970s Heavy contamination in Lake Biwa
1970 Environmental Standards for Water Quality
1970 Start of the citizens’ movement in Shiga Prefecture
1971 Water Pollution Control Law
1971 Pollution Control Ordinance, Shiga Prefecture
1972 Law for Lake Biwa Comprehensive Development (LLBCD)
1972 Lake Biwa Comprehensive Development Project (LBCDP)
1976 Start of litigation by citizens of Osaka and Kobe
1977 Red tides in Lake Biwa
1977 Citizens’ Movement focuses on water quality issues
1978 Citizens’ Forum for Conservation of the Aquatic Environment around Lake Biwa (Biwa-ko Forum )

formed
1980s Continuation of litigation and public outcry
1981 Shiga Environment Conservation Association formed
1989 Court rules against litigants
1990s Dams built around Lake Biwa
1990s Environmental Cooperatives formed
1992 Reed Belt Conservation Ordinance, Shiga Prefecture
1993 Lake Biwa designated a Ramsar site
1996 Basic Environment Ordinance
1997 The LBCDP increases water flow to 40 metric tonnes per second
2000s The concept of the ‘mother lake’ takes root
2005 Lake Biwa Renaissance Plan
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levels fell. Extensive flood protection works were
built and new drainage pumps were installed to lift
flood water over the new flood levees and prevent
inundation in the area around the lake.

Lobbying forwater quality and environmental
protection

The red tide incident proved to be a wake-up call
for the residents around Lake Biwa at a time when
there was growing consciousness about the
potentially devastating impact of water pollution –
in other nearby areas, heavy metal contamination
had poisoned people through consumption of fish
from polluted water. The type of algal growths that
affected Lake Biwa was potentially poisonous and,
at the very least, made it difficult to produce
drinking water with an acceptable taste and smell.
Detergents, fertilizers used by rice farmers
upstream, untreated sewage and industrial
discharges were all contributing to the problem of
eutrophication in the lake.

People were alarmed and there were two
noteworthy citizens’ actions in the 1970s – a people’s
movement in the upstreamareas and one of Japan’s
first environmental lawsuits to be brought by
citizens, in this case by downstream water users.

The citizens’ movement had its base in the Soap
Movement, which started in the early 1970s in the
area around Lake Biwa as a campaign by
homemakers who were concerned about babies’
nappy rash and housewives’ eczema caused by
synthetic detergents. In 1977, however, after the red
tides in the lake, the movement changed its focus to
the conservation of lake water quality and became
one of the most successful and celebrated citizens’
movements in Japan (Kira et al, 2005). This
movement is especially significant because it was led
by women, who highlighted that citizens were also
responsible for the degradation of lakewater quality.

The movement successfully put pressure on the
Shiga Prefecture government to pass the Lake Biwa
Ordinance, to regulate the use of phosphorus-
containing detergents. This presaged a worldwide

trend to reduce the use of phosphorus-based
detergents in catchment areas vulnerable to
eutrophication.

The second citizens’ action was led by residents
of downstream Osaka, who filed a lawsuit in 1976
against the central government and the Shiga
Prefecture government for supplying them with
pollutedwater.While the casewas lost, it established
the fundamental argument for the quality of water
and water conservation.

Instruments used

Achieving a balance between development and
conservation in Lake Biwa required an ‘integration’
of economic concerns with environmental
sustainability. It also entailed adapting to the
changing social priorities of groups in the upstream
and downstream areas. This process involved
several instruments, which are considered classic
tools of IWRM.

Development and implementationof thewater
resources knowledgebase

The development of thewater resources knowledge
base and the capacity to use it was a key early
intervention needed to guide other interventions.
Lake Biwa is reputed to be one of the most
researched areas in Japan, with a rich scientific and
social database related to water resources. For
example, there are long records of physical data
such as flood levels and rainfall, and environmental
information such as limnological data is available
from 1965 to date (Ueda et al, 1998). Thanks to
strong ties to academic institutions, this knowledge
base is continuously beingmaintained and updated.

In addition, capacity has been developed across
many disciplines with a whole cadre of trained
researchers, scientists and field staff nowworking in
the area. The Lake Biwa Environmental Research
Institutewas established in 1993 as amechanism for
gathering, exchanging and distributing research
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information and technologies which reflect the
needs of society and challenges of the government.
The Centre for Ecological Research (Kyoto
University), the UNEP-supported International
Environmental Technology Centre and the Lake
Biwa Museum are also centres of research. The
outcome is a permanent system of close linkages
between research institutions and citizens’ groups,
private businesses, industries and government
institutions, such that thewater resources knowledge
base continuously feeds intomanagement decisions.

Public participationand citizens’ action

The early 1970s was a critical time for the evolution
of environmental consciousness in Japan. The
period saw a steady succession of legal actions
against polluters, resulting in victories in the four
major pollution trials (MinamataDisease inNiigata,
Yokkaichi Asthma, ‘Itai-Itai’Disease andMinamata
Disease in Kumamoto). The findings in favour of
the victims prompted a revision of environmental
standards and compensation plans, and caused a
fundamental shift in thinking on pollution – it went
from being considered an acceptable price for
economic growth to being considered generally
unacceptable (IIC-JICA, 2005).

Campaigns against pollution spilled over into the
broader community, and public participation and
citizens’ action were an important instrument of
social change around Lake Biwa, helping to build
consensus as well as to encourage water-use
efficiency.The SoapMovementwas one of themost
visible examples of this and, with the participation
of awide range of organizations, spread throughout
the Shiga Prefecture. But the Soap Movement was
just one element of broader public action. A
Citizens’ Forum for Conservation of the Aquatic
Environment around Lake Biwa (Biwa-ko Forum)
was established in 1978 and remains relevant today
as an established institutional outcome of citizens’
action. Another outcome of thismovement was the
establishment of Environmental Cooperatives in
1990, which specialized in the promotion of

environmentally sound commercial products,
especially those that end up in the drainage system
after use.

Private initiatives
The participation of all stakeholders, including,
critically, the private sector, is a key element of
IWRM. In the context of Lake Biwa, there was a
unique instance of private initiative when in 1981
the Shiga Environment Conservation Association
was formed. It consisted of more than 400 local
companies at that time and originated from an
information exchange group of personnel in charge
of industrial wastewater treatment. This association
has remained an active participant in the
conservation and reuse of water. Other private
organizations servingLakeBiwa include theCitizen
Forum for the Conservation of the Aquatic
Environment aroundLakeBiwa (LakeBiwaCitizen
Forum), Friends of Lake Biwa, Water and Culture
Study Group, Akanoi-Biwako Environment
Citizens’ Initiative, Lake Biwa-Yodo River Water
Purification Organization and Environmental Co-
op Union Shiga. By adopting codes of practices
these organizations have directly contributed to the
outcome of improved water quality.

Wastewater treatment and sewerage

Whilemany of the large infrastructure projects were
challenged by the citizens’ movements, there was
recognition that local sources of pollution had to be
addressed. When the LBCDP received a ten-year
extension in 1982, a significant amount of
investment was budgeted for environmental
components. Investment in sewerage and night
soil treatmentwas increased by ¥26 billion (US$200
million) from 1982 to 1991. New project
components such as dairy waste management,
agricultural community sewerage, refuse disposal,
and a surveillance andmonitoring system,were also
added. In addition, new technologywas introduced
tomanagewaste from isolated households and small
communities.
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Conflict resolution throughmanagingdisputes
and sharingwater

In its early stages, along with their benefits, the
LBCDP and related regional developments also
triggered massive destruction of the lakeshore and

littoral ecosystems, resulting in the degradation of
lake water quality.

This triggered another set of responses, this time
from downstream residents. In 1976, more than
1,000 citizens, mostly residents of Osaka, initiated
a lawsuit against the central government and the
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Shiga Prefecture government to stop the project, as
their drinkingwater supplywas becoming polluted.
While, at first glance, the litigation appeared to be
about the demands of the downstream users to
curtail development of water resources for upstream
uses, it was actually about controlling water
pollution and ensuring high-quality water for all
uses and users.

The plaintiffs lost the case after 13 years of civil
lawsuit, but the fundamental argument for the
quality of water and water conservation came to
fruition. Many of the concerns expressed about
ecosystem integrity in the suit not only turned out
to be justified, but also correctly implied the
direction of environmental policy in the post-project
period.

As the concerns of the upstream watershed
inhabitants also shifted from comprehensive
development to comprehensive conservation of
Lake Biwa, they also become an instrument of
change and integration. Although the citizens’
movement in Shiga Prefecture (upstream) and the
litigants of Osaka (downstream) had different
interests, their goals converged, which provided a
window for converting conflict into opportunities.

Building effective institutions andadministrative
systems

The challenge of addressing water quality and
environmental conservation required substantial
organizational changes in the Shiga Prefecture
government to reflect the changing focus and
priorities towards environmental conservation. The
evolution of the organizations involved in
environmental protection in Lake Biwa between
1970 and 1996 is shown inTable 9.2. This evolution
demonstrates the slow shift from a focus on
antipollution measures in 1970 to a more
comprehensive menu in 1996, where ‘ecological
lifestyle promotion’ is also a function.

These changes have now produced a structure
that reflects the multiple concerns of the Shiga
Prefecture in respect to Lake Biwa.

Legislation for water quality and environmental
conservation
The national legislative framework that currently
governs LakeBiwa tookmany years to develop.The
framework takes an IWRM approach – attempting
to ‘balance’ development with conservation. It
covers themanagement of water quality and nature
under environmental conservation, river channel
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Table 9.2 Changes in the environmental administration system of the Shiga Prefecture government

Year Departments and divisions in charge of Lake Biwa and its catchments area

1970 Department of Welfare (Antipollution Measures Office)
1972 Department of Planning, Life Environment Bureau (Antipollution Division, Drinking Water and Waste

Management Division, Nature Conservation Division, Prefecture Life Division)
1974 Department of Life Environment (Antipollution Division, Environmental Policy and Waste

Management Division, Nature Conservation Division, Prefecture Life Division)
1979 Department of Life Environment (Environment Office, Waste Management Division, Nature

Conservation Division, Prefecture Life Division)
1996 Department of Lake Biwa and the Environment (Water Policy Administration Division, Environmental

Policy Division, Waste Management Division, Ecological Lifestyle Promotion Division, Nature
Conservation Division, Forest Conservation Division, Forestry Administration Division, Sewerage
Planning Division)

Source: Kira et al, 2005
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improvement and the development of catchment
forests as means of flood control, quality water
resources for both upstream and downstream areas
and the improvement of fisheries. The process of
addressing the challenges faced around Lake Biwa
contributed substantially to the evolution of this
national-level framework.

The national Basic Law for Environmental
Pollution Control was enacted in 1967. The Shiga
Prefecture government went a step further than the
national level legislation: it set stricter standards for
industrial wastewaters and developed its own Water
PollutionControlOrdinance (1969) for its jurisdiction.
But even this was not sufficient, as was demonstrated
by the freshwater red tide in 1977. As a result, the
Eutrophication Control Ordinance was enacted by
theShigaPrefecture in 1979, prohibiting the use, sale
andgift of syntheticdetergents containingphosphate,
and setting the very first nitrogen and phosphorus
standards for industrial effluent in theworld.Sixyears
later the national Water Pollution Control Law was
revised, setting down effluent standards of nitrogen
and phosphorus for all Japanese lakes.

In 1984 a national law for Lake Water Quality
Conservation was enacted under which each local
government in charge of a designated lake has to
formulate a water quality conservation plan every
five years (Kira, 2005: 66). While Lake Biwa is just
one of ten lakes designated under the national
‘Clean Lakes Law’, it was the legislative work of the
Shiga Prefecture that led the effort in improving
water quality of lakes in Japan.

In 1992 the Shiga Prefecture Government
enacted theReedBeltConservationOrdinance (the
first act in Japan advocating the importance of an
ecosystem) and the Basic Environment Ordinance
in 1996.These actions gave effect to good intentions
that had been expressed earlier: Lake Biwa was
designated a quasi-national park in 1950 and the
entire Lake Biwa regionwas designated as awildlife
sanctuary in 1971. Further progresswasmadewhen
Lake Biwa was registered with the Ramsar
Convention on Wetlands in 1993 as a wetland of
international importance.

Financingand incentive structures

The LBCDP, which eventually expanded to cover a
25-year period (1972–1997) with a budget of ¥1.8
trillion (US$18 billion), has been an extremely costly
venture, and the inclusion of the environmental
protection and conservation elements substantially
increased the costs. A key element in the
rehabilitation and transformation of the lake has
thus been the development of financialmechanisms
to support the process. Critically, these included the
mobilization of substantial contributions fromboth
national government and downstreambeneficiaries
of better lake management under the guidance of
local stakeholders.

There are few charges for water in Japan, except
tariffs for tap water and wastewater removal. Most
public works, including the construction of major
sewerage works, lack financial mechanisms to
recover the expenses and therefore depend on
allocations of public funds. This reflects a situation
inwhich public funds are allocated through political
processes, and public works are promoted for job
creation, local economic development and
sometimes to address the demands of specific
interest groups.

Part of the challenge in Lake Biwa was thus to
channel extensive public works funding into
interventions that were guided by local priorities
rather than national sectional interests.

Outcomes

Lake Biwa’s is a case where citizens’ actions helped
to promote better water resource management. As
a direct result of citizens’ actions, the LBCDP was
drastically revised and lake biodiversity protected
(and eventually restored). While the LBCDP was
originally focused on resolving the water supply
problems of downstream users, the scope of the
project eventually expanded to include flood
control, water-level control, irrigation and
agricultural development, forestry, fisheries and
nature conservation.

130 INTEGRATED WATER RESOURCES MANAGEMENT IN PRACTICE

09c-Integrated Water 121-134  9/2/09  15:13  Page 130



Industrial interests responded to pressure and
innovated to address public concerns, notably
through the introduction of new generation
detergents nationwide, a trend that quickly had
global impact.

Reducing thenegative impacts of floods and
droughts

By 1997 the LBCDP had achieved its goal of being
able to provide reliably 40 m3/s of water to
downstream users even in a drought period (Kada,
1999), although this capacity is not currently fully
used. In the dry year of 1994, after the project
became operational, water restrictions were
imposed for only 44 days, although lake levels were
the lowest for more than 20 years. Ten years before,
restrictions due to a less acute drought had lasted for
156 days. The expansion of levees along the lake
greatly reduced flooding risk, as did the SetaRiver’s
increased discharge capacity. As a consequence, the
area of land flooded in recent wet periods was only
740 ha for 11 days, compared to over 4,000 ha for
twice as long in 1961 and 16,600 ha for 238 days in
1896 (IAAJWALakeBiwaDevelopment Integrated
Operation & Maintenance Office, 2003).

Before the interventions, agriculture in the Biwa
Basin suffered from both water shortages and
flooding; 90 per cent of the 600 km2 of irrigated rice
paddies now use reliable water supplies from the
lake and are largely protected from flooding,
although there are still no economic incentives to
save water (Kira, 2005: 65) and users have to meet
only their direct costs of supply.

The outcome of all of this is that Lake Biwa is
efficient and integrative in its physical functioning.
It is a control basin during time of flood, protecting
communities, and a reservoir in times of drought,
providing water security and highlighting the key
objective of good water resource management –
supporting economic activity, social equity and
environmental sustainability.

Water quality

While the new infrastructure has been relatively
successful in addressing the physical challenges, the
broader environmental rehabilitation process has
proved to be more difficult. The measures adopted
succeeded in reducing nutrient loading from
domestic and industrial sources, which contributed
to the revitalization of the lake and its ecosystem.
One unexpected consequence of the regional
development efforts, however, was that the
intensification of rice production and the switch to
irrigation supplied by pumping from the lake (rather
than by a cascading systemof paddies fed from local
sources) led to an increase in diffuse pollution from
fertilizer runoff.

Urban development also saw an upsurge in
‘diffuse pollution’, which is more difficult to control
than point-source pollution from easily identifiable
activities. Thus conservation efforts and
development activities continued to be at odds
throughout the 1990s.

While the measures put in place seemed to have
improved the water quality to some degree – or at
least managed to halt the upward trend in pollution
– water quality indicators such as chemical oxygen
demand, total phosphorous and total nitrogen are
still above the national environmental standards in
most parts of the lake (Shiga Prefecture, 2008).

Economic impacts

The cleaning up of the lake, water conservation and
improved water quality has also had many direct
and indirect economic impacts. Not least is that the
lake has become a great tourist attraction with over
37 million people visiting each year – this tourism
supports the economy of the area (LakeNet, 2003).

The annual volume of freshwater fishwent up to
about 2,800 tons and, in 2004, accounted for 50 per
cent of nationwide sales of home-grown freshwater
fish, although more recently fluctuations and
weather impacts attributed to climate change have
negatively affected the industry.
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Future challenges

By the beginning of the 21st century, the concept of
the ‘mother lake’, extolled by the citizens’
movement, had been adopted by planners and
government, making water conservation the joint
and prime concern of both government and citizens
for the Lake Biwa area and the Shiga Prefecture.
This culture of respect for the natural environment
bodes well for the future of the lake.

However, many challenges remain. The Lake
Biwa Research Institute has warned that global
warming has already led to the deterioration of the
living environment in the lake – affecting aquatic life
adversely. It has concluded that lower snowfall in the
area has resulted in an oxygen-depleted zone in the
deep water layers (Kira, 2005: 62). Dead fish, lower
spawning rates and other impacts have also been
documented (Masaki, 2008). Conservation concepts
now have to include adapting to the impacts of
climate change, highlighting the importance of
adaptive strategies of which IWRM is a generic
example.

In addition, Lake Biwa’s water quality problems
are far from over. The management of Lake Biwa
water quality is about to enter a new phase, which
will accelerate point- and nonpoint-source control
measures and introduce measures to achieve a
greater degree of lake ecosystem integrity. Lake
quality is to be further improved in terms of
parameters other than chemical oxygen demand,
total phosphorous and total nitrogen.The emerging
features of controlmeasures characterizing the new
phase include the realignment of protected
watersheds and land uses, development of ecotone
areas – transition zones between ecosystems –
including restoration of the once reclaimed
attached lakes, and the integrated management of
priority watersheds.

The realignment of the protectedwatershed and
rezoningwill probably involve an extensive political
process. According to Nakamura (1998):

The major issue will be to devise proper economic
incentives such as compensatory payments for existing

land owners, as almost every piece of watershed land is
owned and engaged in some sort of productive activity
…As for ecotonedevelopment, agricultural andurban
sectorswill have to collaborate closely on infrastructure
development or redevelopment around coastal regions
of the lake and numerous watercourses. The key to
integrated management of priority watersheds is to
redesign the watercourses hitherto independently
developed by different sectors of the government.

The Lake Biwa Renaissance Plan has been
developed with the concept of ‘Water Connects
People, Nature, and Culture’ as the next step in the
long road to conservation and sustainable economic
development. It outlines seven defined strategies.
The plan aims at the restoration of Lake Biwa and
Yodo River Basin as a comprehensive, cultural,
iconic and living entity.

Lessons learned

The recent history of Lake Biwa demonstrates how
a major infrastructure development approach,
designed primarily to meet the needs of
downstream industrial and urban development, was
transformed into a multi-stakeholder approach for
the protection of the environment and biodiversity
of Lake Biwa and its catchment.

Effective public involvement

Professor Kada Yukiko has been a leading actor in
the long process, a campaigner for environmental
justice and a founder of the Lake Biwa Museum,
and in 2006 was elected Governor of Shiga
Prefecture representing Japan’s opposition Social
Democratic Party. She speaks of Lake Biwa
development as the ‘obverse of development based
on necessity’, saying that it was not
underdevelopment of water resources that failed to
meet demands and caused social injustice, but
overdevelopment of water resources that became
the cause of social injustice.While tax revenueswere
used for long-term huge public infrastructure
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projects, the public was not consulted, leading to
overdesigned interventions (some of which had to
be scaled down in the face of economic recession),
changed patterns of demand for water use, and the
increasing priority given to environmental matters
by stakeholder groups (Kada, 1999: 33).

Dialogue between water users, politicians,
administrative authorities and water managers
triggered change in tune with Japanese traditions,
reflecting local priorities as well as regional and
national preoccupations. This stakeholder
participation, both from within ‘the system’
(academic, research and political groups) and from
without (citizens’ movements, protests and
litigation), made a crucial contribution to achieving
balance between the various uses of water and the
needs of the resource itself.

The Lake Biwa experience highlights that the
rights and entitlements of all populations relying on
or benefiting from a water source have to be
addressed and safeguarded with equal interest and
vigour, if notwith equal and similarmeasures. It has
also shown the clear benefits of enhanced local
sovereignty, local autonomy and local economy,
once stakeholders were brought on board.

Balancingdevelopment and conservation

The Lake Biwa experience also shows that the
physical management of water resources and
associated infrastructure development can be done
in a manner that also addresses environmental
protection and ecosystem sustainability, and that
water resources development and environmental
sustainability can go hand in hand.

It shows how the interests and needs of upstream
and downstream water-user groups can be
reconciled through intensive engagement and
processes of conflict resolution. Indeed, the conflicts
provided opportunities to seek equity and
synergy in water resources development as part of
their resolution. The ‘balancing’ of development
with conservation through conflict resolution
and improved management in Lake Biwa thus saw

an ‘integration’ of industrial development,
environmental sustainability, and the concerns and
interests of groups in the upstreamanddownstream
areas.

In this context, the Lake Biwa process also
demonstrates how broader national development
approaches impact upon water resource
management, and how local approaches can
influence national development.

Thus the impact of rice cultivation on the lake,
both through the filling-in of wetlands and the
diffuse pollution that drains from the fields, is in
part a consequence of the Japanese policy of
encouraging and protecting rice cultivation in areas
where its viability would be questionable on strictly
economic grounds.

TheLakeBiwa case demonstrates both synergies
and tensions between local sectoral development
and lake management programmes and national
efforts in the same domains. But management
instruments emerged to address these as the need
arose, which, together, were used to steer the
complex programmeof balanced development and
conservation along a course leading towards
sustainability.

The new approach began before the concept of
IWRMwas coherently formulated.However, while
the term may not have been used explicitly in the
literature of the past decades to describe the
approach taken, the process followed is a practical
example of how this philosophy of water resource
management responds to practical pressures and
real needs.

This progress was not achieved in a day or
without mistakes. It required a long period of
dialogue among different interest groups, ongoing
negotiations to resolve contested issues, and the
participation of all sections of the population.

Policies and institutions

While goodwill was generated through conflict
resolution and dialogues, the outcomes would not
have been sustainable without laws, regulations,
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appropriate institutions and clear management
guidelines that can be monitored.

TheLakeBiwa example suggests that a key factor
in successfully institutionalizing innovative
approaches is to start small, demonstrate results and
then scale up. The approach taken to the problems
of Lake Biwa, which were similar to those
experienced in other parts of the country, provided
a model for the national response – the local
government tested appropriate laws that were
successively scaled up to cover the country. The
experience has been documented and developed to
such an extent that it is now informing global action.
In 1986 the Shiga Prefecture government founded
the International Lake Environment Committee
(ILEC), which has become a global lead
organization and in 2003 launched the World Lake
Vision.

A final lesson is that a conservation-led approach
for developing IWRM processes and obtaining
IWRM outcomes is indeed possible and can be
successful, but constant vigilance, flexibility
and continued actions are needed to sustain the
outcomes.
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10
Taming the Yangtze River by Enforcing Infrastructure
Development under IWRM

Yang Xiaoliu1 andMike Muller

China’s Yangtze is the third longest river in the world and also third largest in terms of annual flows. It is deeply rooted in
China’s history and culture. Over the centuries, the Yangtze’s floods have killed tens of thousands of people, destroyed millions
of homes and caused incalculable economic damage. On the positive side, the river is a source of water for people and their
agriculture and a potential source of clean electricity to power the burgeoning economy, and has long been an important transport
artery.

While China’s approach to water infrastructure – as exemplified by the massive Three Gorges Dam and related projects on
the river – has been heavily criticized, the country has gone to great lengths to ensure that social equity and environmental
sustainability are also respected.

The Yangtze demonstrates that an integrated approach to infrastructure construction and management arrangements can
support economic growth and make a substantial contribution to the achievement of more equitable regional development, while
still protecting important ecological functions of the river.
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The development context andwater
challenges ,

With a total length over 6300 kilometres, the
Yangtze is the third longest river in the world,
shorter only than theNile and theAmazon. Flowing
eastward to the Pacific, it has an unrivalled
geographic reach, spanning across West, Central
and East China (see Figure 10.1).

The river’s basin is rich in water resources. Its
yearly available water amounts to 996 billion cubic
metres, accounting for 36.5 per cent of China’s
total. The Yangtze River also has abundant
hydropower resources, with a current annual power
output of an estimated 1.19 trillion kilowatt hours,
49 per cent of the nation’s total hydropower output.
The basin is the focus of China’s hydropower
development, with a technically exploitable

potential of 256.3 gigawatts, less than one-third of
which has been developed. It accounts for 48 per
cent of the country’s hydropower potential, and
when economic viability is factored in the figure
goes up to 60 per cent (General Institute of Water
Resources and Hydropower Planning and Design,
1994).

The Yangtze Basin is also rich in biodiversity,
accounting for two-thirds of China’s 3,980 genera
and half of China’s nearly 30,000 spermophytes.
The river itself is home to more than 370 fish
species, nine of which are on the list of rare species
under high protection by the State. The basin is thus
also China’s treasure house of rare and precious
aquatic wildlife, justifying its international
importance in biodiversity and wetland protection.
None of the other rivers in China is comparable to
it in terms of ecological functions.
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However, the Yangtze River is also the major
inland waterway in China; it is known as the
‘Golden Waterway’ connecting East, Central
and West China. Its navigable channels on both
the mainstream and tributaries adds up to
57,000 kilometres, 52.5 per cent of China’s total.
The 2,837-kilometre mainstream navigation
channel has a shipping capacity equivalent to
four to six railways, each of the same length as the
river.

The water resources in the Yangtze River Basin
are huge in volume but unevenly distributed in time
and space. The population of the basin has long
faced dangers from flood disasters. Floods are,
however, only one of the problems.

The river flow during flood season is hardly
utilized though it accounts for 70–75 per cent of
total yearly water, while in the dry season water
is short and the river has a low navigable depth.
There are also challenges of drought, water
pollution, andwater and soil erosion. Some parts of
the basin suffer froma groundwater overdraft while,
at the mouth, there are problems caused by saline
intrusion into the river’s estuary.

Given all these factors, a great deal of effort
has gone into reducing the threat of flooding,
including, for example, the construction of the
Three Gorges Project, as well as numerous other
works including flood detention areas, expanded
flood protection dykes and storage, power
generation and navigation infrastructure.

However, intervention brings its own challenges
and the basin is also facing the issues of reservoir
resettlement, compensation to the people due to
flood detention, flood insurance and ecological
stress.

Drought and water and soil erosion are
becoming increasingly serious in the upper and
middle reaches of the river, and serious conflict
between water supply and demand occurred in
some upstream areas. There is concern (e.g. Cai,
2005) that ongoing economic and social
development activities such as city expansion, road
construction, energy exploitation and mineral

extraction are worsening the state of the water
resource.

The approach taken to tame the tiger

The Yangtze Basin is larger than most countries,
and its management encompasses many of the
dimensions of national development. However, a
number of key thrusts can be identified.

Accelerating infrastructure construction for basin
andnational economic development

The first hydropower station on the Yangtze River
was built in 1910 and, by 1949, 31 dams had
been built in the whole valley; these were small,
however, with a total installed capacity of only
134 megawatts. From the 1950s to the 1960s,
hydropower stations and reservoirs were rapidly
developed in the middle and lower reaches of
the river; from the 1960s to the 1980s, the
construction of hydropower stations in the
upper, middle and lower reaches were in full
swing; while at the end of the 20th century and the
beginning of the 21st century, hydropower
development was mainly in the upper Yangtze
(MWR, 2001).

To date, more than 2,440 hydropower stations
have been built, with a total installed capacity of
69.7 gigawatts, representing 70 per cent of the
nation’s total hydropower capacity (CWRC, 2004).
In addition, more than 44,000 reservoirs have been
constructed with total storage capacity of 137.3
billion cubic metres, including 109 large-scale
reservoirs (over 100 million cubic metres) with a
total storage capacity of 66.7 billion cubic metres,
and 997 medium-sized reservoirs (between 10 and
100 million cubic metres) with a total storage
capacity of 24.2 billion cubic metres. These
reservoirs, together with their associated
infrastructure of canals, pipelines and pumps,make
up a water supply network that can provide a huge
amount of water to support people’s social and
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economic development. In 2004, 189.9 billion cubic
metres were supplied to different users (CWRC,
2005).

Enforcing the concept of IWRMto coordinate
development andprotection

There has been a growing recognition that water
management inChina requires a resource-oriented
focus and not just infrastructure projects (see section
‘from dams to laws’, p140, below). In recent years,
the existing basin institutions and related
administration departments at all levels have been
required by the central government tomaintain the
health of the Yangtze River (Huang, 2007). It has
been emphasized that protection of the
environment and the construction of infrastructure
should receive equal attention (Wang, 2002). The
government also has encouraged people to save
water consciously so as to achieve water
conservancy and build a conservation-minded
society (Wen, 2004).

The objective is tomanagewater resources based
upon the carrying capacities of water and
environment at basin level. In this context, the need
for the distribution of productive forces and
industrial activities to take into account water
availability and environmental protection in the
basin has been emphasized –with productivity levels
determined by the environmental and ecological
situation.Concretely, five dimensions are addressed
in planning:

• urban and rural areas;
• city and region;
• society and economy;
• people and nature and
• basin and nation.

Economic development is seen as the foundation
for the coexistence of people and nature. The basic
principle of ‘ensuring the health of the Yangtze to
promote harmony between humans and nature’
guideswater resourcemanagement in the basin and

has led to reforms in thewater pricing system,water
pollution controls, safeguards for drinking water
security and infrastructure planning (CWRC, 2001
and 2005). In these reforms, five key tasks were
addressed.

1 Pollution control
With the objective of improving the water body’s
functions, pollution control has been intensified,
particularly in the key areas along the Yangtze such
as the Three Gorges Reservoir, the Danjiangkou
Reservoir (the source for the South-to-NorthWater
Transfer Project) and all schistosomiasis impact
areas (schistosomiasis is transmitted when wetlands
with snail vectors are exposed to sewage). At the
same time, extensive sewage treatment facilities have
been constructed. For some key places, such as
source areas for drinking water, special protection
rules have been worked out and strict protection
measures adopted.

Water pollution monitoring systems have been
established to overseewaste disposal.Water function
zoning for various purposes has been carried out to
determine the pollutant-bearing ability of each
zone. Important water bodies aremonitored in real
time with early warning mechanisms to deal with
pollution accidents. Laws and regulations governing
water pollution control have been promulgated at
different levels. A long-lasting stakeholders’
participation mechanism for joint work was set up
for collaboration and cooperation among the line
departments concerned, including basin authorities,
and local governments relevant to water
conservancy, environmental protection, urban
construction and land reclamation.

2 Water and soil erosion control
Integrated planning, monitoring and research on
water and soil conservation have been reviewed and
new approaches implemented. Comprehensive
management is used to control human-induced
erosion, guided by laws promulgated by the central
government and regulations established by basin
and local authorities.
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3 Flood control and disaster reduction
Special attention has been given to the rehabilitation
and construction of infrastructure – such as
reservoirs, flooddiversion channels, river adjustments
and embankment reinforcement – that greatly
increase the basin’s flood control capacity. Anumber
of defective reservoirs have been reinforced. A flood
management system has been established that
comprehensively regulates flood control protection
areas, flood storage and detention areas, floodplains
and planned reserve areas. Based on these, a holistic
management systemable todealwith risk evaluation,
social and environmental impact assessment, and
compensation due to flood detention, is under
development. A flood insurance system is also being
developed. In addition, effective means to use
floodwater as a resource are also being studied.

4 Integrated utilization ofwater resources
A wide range of infrastructure has been developed
to ensure water supply for cities and key industrial
areas, and to secure drinking water for residents as
well as to balance supply and demand for water in
areas where drought and water shortage prevail.
Irrigation systems are continuously being
constructed and improved. Construction of the
backbone hydropower projects in the upperYangtze
was accelerated to support national development,
while small hydropower stations for rural
electrification have also been built. Regulation of
navigation routes has been intensified, while
construction of ports and piers has been undertaken
to improve traffic capacity and efficiency. In some
cases, these developments competed with each
other, requiring regulatory intervention and
guidance; in others, they offered opportunities for
multi-purpose designs.

5 Solving the ecological and environmental problems
caused by thewater resources and hydropower
infrastructure
Development of water resources and hydropower
infrastructure can bring huge economic benefits, but
it can also have negative impacts on society,

ecosystems and the environment, and these
tradeoffs need to be properly addressed. Themajor
social issue in regards to the Yangtze is resettlement
due to reservoir construction. A long-term
systematic method is being used that considers
factors such as environmental carrying capacity,
financial support, self-reliance and long-term
benefits relevant to the people resettled.

Sedimentation is a key environmental issue.
Prototypes were used for measurement and real-
time monitoring was enhanced. To gain approval
from the central government, any proposed
infrastructure project in the Yangtze Basin must
demonstrate that it addresses flood control, power
generation, navigation and sediment regulation in
a holistic way (MWR, 2001). Impacts on aquatic
biota are also taken into consideration when any
infrastructure is developed; basic environmental
flows and fishways are now obligatory. Where
necessary, artificial breeding of affected fish species
is required to minimize the effect on aquatic biota.

Giving overall consideration to wetland
protection, biodiversity protection, navigation
security, water supply, power generation and flood
control, a special plan for managing water intakes
was worked out and implemented, using biological
and ecological engineering approaches for
interventions such as man-made wetlands.

Fromdams to laws– the instruments used to
achieve harmony

Few major water projects have been studied in as
much depth and come under such intense external
scrutiny as the Three Gorges Dam. Yet it is not
generally recognized that the project has been a
catalyst, driving the introduction of newapproaches
to water management in China.

The idea of building a dam on the Yangtze to
generate power and control the devastating floods
has a long history. The nationalist leader Sun Yat
Sen proposed it in 1919 as a key element of an
industrial plan for a re-emerging China. The idea
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gained currency and was supported by Sun Yat
Sen’s American allies, who offered their own
experience as a model for the development of the
Yangtze. Anticipating the current environmental
controversies by 60 years,US academic and student
of China John Fairbanks noted:

The one American achievement which has most
appealed to Chinese observers as an American model
for China to follow is the regional development
program of the Tennessee Valley Authority. TVA
makes sense inChina…The fact that in our ownmore
fully developed economy we have less urgent need, or
think that we have less urgent need, for such programs
of regional development, should not prevent our using
the TVA idea in our foreign policy.

(Fairbanks, 1948)

However, it was almost 50 years later before the
vision of theThreeGorgesDamwas translated into
a reality. But even as construction of the dam got
under way in the early 1990s, and in part because
of the controversies that arose about the dam, the
approach to water resource management was
coming under review. InMarch 1999, the then-new
Minister of Water Resources Wang Sucheng, in an
address to the Chinese Hydraulic Engineering
Society, called for a new perspective and set out a
crisp statement of the need for IWRM, although he
called it ‘resource-oriented water management’:

When the society and economy continued to develop,
peoplemade growing use of water until some day they
suddenly found that there was insufficient water.
Moreover, the problem of water shortage becomes
more and more serious and obvious worldwide. At
present, water shortage severely constrains further
social and economic development in China, especially
inNorthChina. Pollution as a result of rapid industrial
development also came to the surface, worsening the
shortageof water resources.Given the situationas such,
water saving and preservation of water resources have
becomeour increasingly important task andwill assume
tantamount importance in the future. Traditional
project-based water management often focused on

single projects e.g. planningof a riverwasmainly about
the number of cascades to be built rather than
considering the relationship between water resources
and economic development. In the planning of the
YangtzeRiverbasin, great attentionwaspaid to the role
of the Three Gorges while the Yellow River basin
planning emphasised the number of cascades. While
this kind of work was correct in view of the prevailing
productivity level at the time, they can no longer cater
to the continuous social and economic development
under the current circumstances.

(Wang, 2002)

The response has been the much stronger focus
on the resource-oriented water management that
this case study describes. The major challenge now
is to proceed with the institutional reforms needed
(see Varley, 2002) to enable a resource-oriented
approach to work.

Strengthening integratedbasinmanagement

A key element in China’s resource-oriented
approach has been the coordination between basin
management and district management at the levels
of province, city and county. This has to be carefully
handled in aspects of jurisdiction, accountability
and institutions by way of consulting mechanisms
and information exchange. For each involved body
themanagement is integrated and the role is clearly
defined as indirect management, dynamic
management and post-supervision. Through this
approach, an effective and harmoniousmechanism
of basin management is being operationalized in
the basin. A transdepartmental and transprovincial
management institution (Cheng, 2007) was
established, along with extensive participation
mechanisms for all parties concerned, so that all
natural resources, including water, soil and biota,
could be well protected and reasonably utilized,
while economic and societal development could be
sustained.
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Strengthening the legislative setting

The legal system has been further enhanced at all
three levels: law, administrative regulation and
departmental sub-regulation. Legal documents such
as ‘Regulations for the Water Resources Protection
of Yangtze River Basin’ and ‘Management
Measures for the Yangtze Estuary’ have been
enacted, and a comprehensive legal system is being
built up.

Water-related laws such as the Water Law of
PRC (NPC, 2002), Flood Control Law of PRC
(NPC, 1998), Soil and Water Conservation Law of
PRC (NPC, 1991) andWater PollutionControl Law
of PRC (NPC, 1984) wereworked out and provided
a sound basis for the holistic management of flood,
water resources, land reclamation, water and soil
conservation, andwater pollution. In the case of the
Yangtze, other factors such as sand excavation and
groundwater tapping are also integrated into the
management.

Revisingplans in viewof IWRM

Planning is the key to ensure a healthy Yangtze
River. The ‘ComprehensiveUtilization Planning of
Yangtze River Basin’ has been revised from an
IWRMperspective, inwhichwater infrastructure is
considered in the context of overall resource
management, and regulation and protection are
highlighted more than ever before.

Promotingpublic participationanddemocratic
practice

The idea of a healthy Yangtze has been widely
promoted to the public so that people can be
mobilized to support activities to protect the
Yangtze. Information-sharing systems have been set
up amongst stakeholders to establish a democratic
course for governments’ decision-making and assert
people’s right to know and take oversight of
governments’ work. Through various activities such
asworkshops, seminars and forums (e.g. theYangtze
River Forum), views on important subjects are

exchanged anddiscussed among stakeholders. Ideas
are collected and analysed to seek agreement
regarding the protection and development of the
basin.

Water resourcesmanagement in a harmonious
society – the three Es

The development strategy of the Chinese central
government is to ‘put people first, fully implement
the Scientific Outlook on Development and
accelerate the building of a harmonious socialist
society’ (Hu, 2003). One of the basic and strategic
steps for the whole country is to achieve harmony
between man and water.

In some upstream areas of the Yangtze, water
resources were unexploited due to difficult terrain,
weak economies and limited technology. In the
more distant past, land and forests were overused for
economic reasons with the result that water source
areas lost protection. As a result there were sharp
contradictions between people andwater: flood and
drought disasters frequently occurred, land was
gravely eroded, and water quality quickly
deteriorated.

The implementation of the development
strategy has meant that all three Es were given
priority – economic efficiency, social equity and
environmental sustainability. Great efforts were
made to conserve water and soil by enforcing both
water resource exploitation and water saving,
balancing economic development and social equity,
and coordinating development and protection. In
this context, large-scale infrastructures were
provided for water transfer, water supply, river
harnessing, flood control, drought relief, and
especially drinking water safety. At the same time,
to helpmaintain a balance between urban and rural
development, considerable attention was paid to
irrigation systems, to enhance agricultural
productivity, as well as to small-scale water
conservancy projects and hydropower plants, with
accessible drinking water given a high priority
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(CWRC, 2005). In terms of conservancy and
protection, ‘integration’ was set as a goal, the
relevant national policy of water resource
conservancy and protection was comprehensively
implemented, and water conserving was taken as a
long-term strategic guideline.

A three Es river needs commonefforts

The objective of building a harmonious society has
meant that the whole YangtzeRiver Basin has been
taken into consideration.The need for development
balance between city and village were emphasized,
between locality and region and between society
and economy, through comprehensive development
planning and integrated management. To
implement the new Water Law (NPC, 2002), a
mechanism was set up to take integrated measures
for economic development and environmental
protection and coordinate the relationship between
upstream and downstream.

In this context, the people living along the upper
Yangtze have made huge contributions by
preventing soil erosion, expanding forestation and
conservingwater and soil. In these efforts, theywere
supported financially and technically by themiddle
and lower Yangtze as well as the central
government. In order to support and help upstream
areas develop their economies and protect the
environment, supportive and compensation policies
were prioritized to realize protection while
developing, with the expectation that a Yangtze
satisfying the three Es appears. The concept of a
‘green GDP’ is gradually being accepted by
governments and the principle of ‘polluter pays’ is
popularly recognized (CWRC, 2005).

In the downstream area, the integrated Yangtze
flood control system has already helped to secure
the lives and properties of local residents. This
included opening dyked areas to create space for
flood flows and giving up farmland to be returned
to lake. Water resources protection and water
pollution prevention have been continuously
enhanced, and substantial progress was made in

various aspects of ecological reconstruction and
environmental protection (Cai, 2005).

The road to integration and harmony

In realizing IWRM, the Scientific Growth Outlook
has been adopted and implemented; traditional
ideas relying only on infrastructure were
transformed into an integrated approach that
actively sought to secure the health of the Yangtze.
Reflecting this change in thinking, ‘three principles’
have been followed to coordinate ‘three
relationships’ by emphasizing four aspects of work.

‘Three principles’

1 Harmonizing people andwater
The harmony between people andwater is not only
a fundamental requirement for sustainable growth
and all-round development of the people, but also
a concrete reflection of the construction of a
harmonious society. Harnessing the Yangtze River
lays foundations for developing the basin to further
accelerate economic and social growth. Whether
harnessing and protecting or developing and
utilizing the Yangtze River, the ultimate goal is to
serve sustainable growth and all-rounddevelopment
of the people, which requires that the significance
of harmony between the people and water is
recognized and respected.

2 Respecting nature
Throughout history, the appearance, growth and
disappearance of rivers has been a part of natural
ecological cycles, but these cycles have also been
impacted by human activities. If humans develop
resources such as rivers, shorelines andwetlands like
a plunderer, the pace of the disappearance of rivers
will be quickened, which will result in water
shortages and deterioration of the ecological
environment, and will punish humans by
constraining their survival and growth. Only if
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rivers are developed and protected systematically
can the ecological system of rivers achieve a
favourable cycle and be utilized by humans. It must
be considered whether or not harnessing and
developing the Yangtze River can do harm to its
essential characteristics and how its health can be
safeguarded.

3 Prioritizing economic development
Human societies are based on economies, which
effectively coordinate the interaction between
people and nature. In recent years, as the economy
grew increasingly fast, pressures on the water
resources and the environment in theYangtzeRiver
Basin also grew. Economic growth depends on the
consumption of resources, but it was noted that the
consumption of water resources per product was
higher than theworld average. Similarly, wastewater
drainage per unit GDP is several times that of
developed countries. To remedy this requires that
the carrying capacity of water resources and the
environment be considered, and that efforts be
made to base economic growth on the efficient
utilization of resources and the reduction of
environmental pollution.

‘Three relationships’ to coordinate

1 Relationship between city development and
infrastructure construction
On the one hand, infrastructure to control floods is
important to create favourable conditions for the
development of cities and industries. On the other
hand, urban development must be undertaken in a
manner that dos not create flood risks.This needs
close cooperation between the water sector and the
urban development sector, which are normally
separated in governmental organization in China.

2 Relationship between consumption and conservation
High water-consumption industries such as power
generation, chemistry and metallurgy are
encouraged to locate themselves near the river for

ease of water supply. New industries that are high-
tech, have low water consumption and create less
pollution are allowed to locate anywhere in the
basin.

3 Relationship between utilization and protection
Ecological water demand has to be met and
minimum flows maintained to prevent seawater
intrusion and sedimentation, to keep waterways
clear and tomaintain the natural ecological system.
Attention has to be paid to the ecological balance
for the protection of wetlands, rare animals and
plants.

Four aspects of thework

The first emphasis has been to improve planning. It
is necessary to update comprehensive plans for the
water resources of the Yangtze Basin within the
framework of the national water resources strategic
plan and the general layout of the south–north
water transfer project. The comprehensive plans,
regional plans and speciality plans for each branch
river can be revised – especially the hydropower
plan formain and branch rivers – on the basis of the
comprehensive water resources plans. In addition,
the relationships between the upper, middle and
lower streams have to be addressed, as well as the
balance between economic development and
environment protection, the local and thewhole, the
immediate and long-term benefits, and so on. The
approach to planning is being adjusted to give
priority to the protection of water resources –
harnessing water resources reasonably while
protecting them, and protecting while developing.
The ideal result is a utilization of water resources
that achieves win–win outcomes in water
conservancy, hydropower, waterway exploitation
and basin environment, as well as ecosystem
protection.

The second emphasis has been to perfect the
establishment of water laws and codes and
strengthen their implementation. These include the
following laws, provisions and procedures: the New
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Water Law, the Flood Control Law, the Water and
Soil Conservation Law, the Law of Water Pollution
Protection, the Environmental Protection Law, and
the Environmental Assessment Law. While these
actions strengthen administration of water
resources and its execution, more is still needed. A
Yangtze River Law and Regulation of Water
Resources Protection on the Yangtze Basin are
under preparation and should be issued soon.
Regulation of Multiple Purpose Reservoirs is also
needed to share the investment, as well as to
distribute the benefits, of serial reservoirs and
hydropower stations. Problems such as the
compensation of environment and ecosystem
services at upper and lower streams still need to be
further addressed, especially the regulations on
relocatees from large- and medium-scale reservoir
construction (Fan et al, 2005). These should aim to
create conditions for reservoir relocatees to live and
work in peace and contentment, cast off poverty,
and become better off.

Water projects also need to follow the regulations
on comprehensive planning of basin water
resources, and obtain planning authorizations,
water licensing permission for power development
and environmental assessments. In operations,
stated flood storage capacities established in terms
of the FloodControl Law need to be observed so as
to achieve reasonable flood control levels. Already,
tomanage both floods anddroughts, unified releases
and management are guided by the authority in
charge of flood prevention and droughtmitigation,
with the costs in terms of electricity production
carried by the owners.

The third emphasis is to complete the
mechanisms of basin management. The
ChangjiangWaterResourcesCommission (CWRC)
is still undergoing a step-by-step reform of its
management systems to become a proper basin
commission (Cai, 2005). It is intended that it will be
composed of representatives from the Ministry of
Water Resources, the State Development Reform
Commission and its related departments and
bureaus, as well as representatives from provinces

and municipalities and water users in water
conservancy, hydropower, navigation and water
supply, including public representatives, specialists
and civil society organizations.With leadership from
the Ministry of Water Resources and the State
Development and Reform Commission, this
trajectory should see the CWRC becoming an
administrative institution for sharing information
and overseeing water uses – an institution that is
guided by the macro-level direction of government
and market principles, that participates in public
discussion and consults democratically, and
eventually that establishes a new mechanism for
integrated management of the basin under the law.

The fourth emphasis is for different
administrative units to carry out their extensive
operational duties faithfully. CWRC’s duty is to
maintain the water environment and water
ecosystem on the Yangtze River, coordinating
matters such as the relationship between up- and
downstream, right and left shores, different
provinces, as well as water quantity and quality, and
so on. According to the Water Law (NPC, 2002),
CWRC must also integrate the releases, operation,
management and supervision of water quantity and
quality at important reservoirs, hydropower stations
and water transfer projects, thus safeguarding the
environment as well as flood control and storage
against drought. This work must be coordinated
with that of the Yangtze River Water Resource
Protection Bureau, set up in 1983 by the State
Environment Protection Bureau and the Ministry
of Water Resources, and with other basin
management administrations such as the lead
upstream water and soil conservation group
(established in 1989) and the commander of
YangtzeBasin flood control and droughtmitigation.

The water ‘functional areas’ and the total
pollution absorption capacity at river-reach level still
need to be determined to guide the adjustment and
optimization of the layout of water catchments and
drainage for cities along the river. Another major
focus will be the establishment of the Danjiangkou
reservoir (the middle route project of the south–
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northwater transfer project), Sanjiangying (the east
route of south–northwater transfer project), and the
water conservation district at the mouth of the
Yangtze River.

The outcomes

Given the huge challenges and the comprehensive
scope of the reforms that have been undertaken, it
is not easy to document their outcomes, which can
only be the first steps of a long journey. However,
some elements, such as infrastructure, are visible.
Thus more than 45,000 reservoirs have been
constructed with a total storage capacity of 148
billion cubicmetres (not including theThreeGorges
reservoir), as well as 2,441 hydropower stationswith
a total installed capacity of about 0.7 billion
kilowatts. The water supply capacity has reached
about 200 billion cubic metres. Over 30,000
kilometres of dykes have been enhanced, and an
effective irrigated area of 150 million hectares
supplied. Thousands of flood control reservoirs,
flood retention zones and flood diversion channels
have been built together with non-structural
measures.

While the expansion of hydropower has been
controversial, one result has been a significant
reduction in the expected levels of China’s national
carbon emissions (see Figure 10.2).

It is also possible to document outcomes from the
systems that were put in place for flood forecasting,
warning and regulation for mainstreams and
tributaries, to protect the whole basin from
disastrous floods – these have been tested. These
interventions are credited by external observerswith
preventingmajor disasters. Comparing theYangtze
floods of 1998 to those in Zeeland in the
Netherlands in 1953 and on the USA’s Mississippi
in 1993, the Rand Corporation concluded that:

… the lessons of history are that, while determining
safety levels might be defensible on cost-benefit or
IWRM bases, the planning for regional infrastructure
and services must cover total catastrophic breakdown
andmust include secondary, contingency responses that
can be invoked when primary responses are
overwhelmed. In Zeeland, lack of such planning led to
catastrophe, but in the Yangtze case, this planning was
amajor reasonwhy losswas only a fractionof what had
been suffered in previous floods.

(Kahan et al, 2006)
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Substantial attention has more recently been
focused on the social and environmental issues in
large projects, which have become increasingly
controversial. Although external reviews again
suggest that China’s performance has been
comparatively good – a World Bank study of
involuntary resettlement praised China’s
improvement and performance in almost all
respects (Varley, 2005) – the costs of addressing these
issues is substantial and must be provided for. As an
example, it is reported that the cost of the first phase
of the eastern andmiddle routes of the south–north
water diversion has risen from 101 billion Yuan to a
total of 225 billion Yuan (almost US$28 billion),
largely to meet environmental protection and
relocation costs (Xinhua, 2006a).

Turning to economic dimensions again,
navigation is critical. The Yangtze’s navigable
waterways amounted to 57,000 kilometres, about
52.5 per cent of the national total. While dam
construction has reduced the navigable length
available at national level, there have been recent
efforts to reverse this.One project, supported by the
World Bank, which included tributaries of the
Yangtze, targeted regional development priorities:

The project…was intended to stem the trend towards
adiminishingwaterwaynetworkbyexpandingcapacity
and modernizing the waterways of Zhejiang, Hunan,
andGuangxi provinces. These provinceswere selected
for the project because of their potential for economic
growth, the expectations of traffic increases along their
inland waterways, and the year-round navigability of
the waterways concerned. Guangxi has the highest
incidence of poverty among the three provinces with
nearly 35 percent of its counties designated as ‘poverty
counties’.…Through thismixof provinces, theproject
contributed to the government’s objective of reducing
the development imbalance between the fast-growing
coastal provinces and the less prosperous inland regions.

(World Bank, 2005)

The economic importanceof watermanagement
for navigation is highlighted by a recent claim by
China’s Ministry of Communications that the

Yangtze is now the world’s busiest freshwater route.
In 2006, the Yangtze’s annual freight volume of 640
million tonnes was 1.6 times that of the Mississippi
and 2.3 times that of the Rhine (Xinhua, 2006b).

Pollution control efforts have also had significant
impact.An external review cited evidence suggesting
that the rate of waste water treatment at national
level increased from60 per cent tomore than 80 per
cent in the period 1990–1998 (Varley, 2005) (see
Figure 10.3), and the trendhas continued since then.
Indeed,more recent commentary suggests that there
mayhavebeenover-investment in sewage treatment.
One independent study conducted underCanadian
Aid for theChineseMinistry of Construction,which
included several plants in the Yangtze Basin, found
that some of the plants were operating significantly
under their design capacity and that therefore ‘a
large portion of the capital investment is notworking
to reduce pollution’ (Palmer et al, 2000). This
demonstrates that, while there has been significant
investment in wastewater treatment, it will in future
have to bematchedby investments in thewastewater
collection infrastructure.

To protect the aquatic environment and fish
stocks, fishing was banned in many reaches of the
Yangtze. Natural protection areas include: the fish
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spawning enclosure at the estuary of the Yangtze
River; the Chinese sturgeon protected zone in
Zhicheng; Yichang city below the Gezhouba Dam;
and the white-flags dolphin and cowfish natural
protection area, which stretches from Luoshan
reach at Shisou in Hubei Province, through Hukou
reaches in Jiangxi Province to Tongling reach.

It is perhaps in the institutional arena where the
most remains to be done. As has been highlighted,
the Changjiang Water Resources Commission
(CWRC) does not yet have the powers of a fully
fledgedBasinCommission; one consequence of this
is a dispersal of powers amongst decentralized local
administrative structures. According to a World
Bank evaluation:

The decentralization of political and economic power,
to separate riparianprovinces on thegreat river systems,
has made central government control over allocation
of water resources more difficult. Many water
management decisions are ‘upstream-downstream’
issues cutting across administrative boundaries e.g. the
top-end capture of river flows, waste disposal
downstream by urban polluters, how to share the costs
and benefits of expensive hydraulic infrastructure
between provinces. The existing water management
framework is a result of history and is now insufficiently
comprehensive or unified to optimize uses and resolve
conflicts in a socially andeconomically optimalmanner.
Negotiation is the key discipline formediating between
sector and regional interests (e.g. industry and
agriculture, upstream-downstream), and between the
ministries responsible fordifferent aspects of WRMand
planning. There aremultiple political jurisdictions and
the provinces compete with each other. Central
government has played a major technical and
leadership role especially when large projects pose
difficult engineering problems and beneficiaries are
distributedbetweenmultiple riparianprovinces.A river
basin is the most appropriate unit for negotiation and
water resourcesmanagement.This requires institutions
corresponding to basins, rather than provinces, and
these have proved very difficult to establish, despite
muchcentral government commitment andawareness.

(Varley, 2002)

TheWorld Bank report (2005) further points out
several other institutional challenges for water
resources management in China:

• TheMinistry of WaterResources (MWR),while
it has been effective at supply-side interventions,
has limited ability/authority to carry out
demand-side interventions.

• While water management agencies have the
necessary technical skills to carry out their
mission, appropriate internal incentives are
weak or missing.

• The provincial water resources departments,
currently the de facto authority for water
resources management (and to a large extent
development), are strongly influenced by specific
interests and thus unable to take a holistic
approach.

• ‘TheMWR-controlled river-basin commissions
(RBC) continue to operate with large staffs, but
with declining authority and reduced ability to
manage integrated water resources
development. Incremental progress in designing
institutions for river basinmanagement has been
made, but limited implementation achieved’
(Varley, 2002).

Conclusions and key lessons learned

An integrated approach to infrastructure
construction and management can make a
substantial contribution to the achievement of more
equitable regional development up- and
downstream. If such development is combinedwith
a clear appreciation of the need to build harmony
between people and nature, sound outcomes can be
achieved. From the experience in theYangtze, some
concluding remarks can be made, as follows:

1 From the development of the Yangtze River
Basin, it is recognized that IWRM can help
harmonize development and protection of a
basin, which are always thought to be in
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contradiction of each other. The practice along
the Yangtze shows how IWRM can be
promoted through infrastructure development
and how infrastructure development can be
realized in a harmonious way, with equal
attention to economic development,
environmental protection and social equality.

2 Strengthening IWRM needs solid technical
support. One element of this is to qualitatively
and quantitatively define the environmental
flows, which are essential for planning, design,
construction and management of water
infrastructure in the context of IWRM.
Environmental flows must be worked out from
the perspective of the overall basin and its
characteristics.

3 Ecological and environmental monitoring
systems have to be set up and regularly operated
in the whole basin to provide sound data as a
basis for harmonious basin development
planning, and the establishment of an
operational ecological and environmental
compensation mechanism.

4 In a basin as large, complex and dynamic as the
Yangtze, water resource management must be
part of a national development vision to be
successful.While deepening the various reforms
of production-sector relationships and
promoting the growth of productivity, a
harmonious society between people can be
constructed that can also ensure the coexistence
between people and nature. Only joint efforts
for the protection and construction of a healthy
Yangtze River can succeed!

Note

1. Yang Xiaoliu is a Professor of Water Resources at
Peking University, China. He worked for nine years
with China’s central government.
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Part Three–National Level
The interaction between basin levels and national frameworks is not dissimilar to that between local and
basin levels. Many activities can be undertaken at the basin level, but there will be issues that can only be
addressed at national level.

In the case of the Yangtze in China, the importance of the basin for various dimensions of national
development (ranging from transport and clean energy to water supply to other basins and regional
development and national security) meant that decisions about basin-level development necessarily
involved the national-level.

In Denmark, the situation was somewhat different. While many individual communities were trying
individually to address the diffuse pollution from agricultural activities and the local water resources were
not interconnected, this local problem was generic across many areas of the country and was best dealt
with in a national framework. This can be important where it is necessary to avoid the environmental
equivalent of a ‘race to the bottom’ between localities competing to attract economic activity and fearful
of the response if such activity is regulated or controlled.

All these issues must be taken into account in policy approaches at national level, as illustrated in the
cases of both Chile and South Africa. The importance of the national framework and institutions rises in
direct proportion to the degree of interconnectedness between communities and river systems. This is
greater in South Africa than in Chile, with the result that water users have more autonomy in the latter.

But, as the Angas Bremer case demonstrated, as social and economic development places growing
pressures on the resource, local approaches may need national responses, and it was significant, in this
context, that water management was one of a handful of issues over which the historically fiercely
independent federal states agreed should be overseen by their Commonwealth government.
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11
Taking it One Step at a Time: Chile’s Sequential,
Adaptive Approach to Achieving the Three Es
Humberto Peña1

Chile’s move towards more sustainable development and management of its water resources has been one of gradual adaptation,
closely tied to the country’s economic development. In the mid-1970s, Chile pursued a development model based on three major
themes: maintaining macroeconomic equilibrium; strengthening the role the market plays in the allocation of resources, including
water; and opening up the economy to world markets while exporting products for which the country had an advantage, almost
all of which use water in their production processes.

This approach led to increased water use, but also increased economic efficiency and increased private investment in Chile’s
sewerage and water supply sector. Gradually, water policy was adapted to better address social equity and environmental
sustainability concerns. This reflected a shift in governing ideology and an increasing public awareness of social and environmental
issues.

Chile’s example suggests the wisdom of developing water resource planning and management strategies in relation to the
specific development model in place, and of using a phased approach to water-resource management – as opposed to policies that
call for immediate integration of all water-related planning and management. As Chile’s experience has demonstrated, economic
development resulting in social benefits may enable environmental objectives to be met in the long term.
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Figure 11.1 Map of Chile
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The development context

Continental Chile stretches out along a narrow strip
of territory, 4,200 kilometres long with an average
width of 180 kilometres, located between the
Andean mountain range and the Pacific Ocean in
the southern cone of South America. In this
territory, 200 small basins, which drain the west
slopes of the Andes, are home to some 15 million
people.
From the administrative standpoint Chile is a

unitary republic, divided from north to south into
13 regions. In terms of water management, at the
national level the General Water Directorate
(DGA), theNational Commission for Environment
(CONAMA) and the Superintendence of Sanitary
Services (SISS) are themain agencies. TheDGAhas
offices in each of the 13 regions. In addition, there
arewater users’ organizations (WUOs) operating at
basin and sub-basin levels.
The availability of water resources in Chile is

characterized by an extraordinary heterogeneity in
spatial distribution. In the northern half of the
country arid conditions prevail; the average water
availability is below 1,000 cubic metres per
inhabitant per year (in some regions as low as 500
cubic metres per inhabitant per year) – levels that
international standards classify as very restrictive for
development. To the south of Santiago, the capital
city, which is located in the centre of the country, the
availability exceeds 10,000 cubic metres per
inhabitant per year (DGA, 1999).
Irrigated agriculture accounts for 85 per cent

of the total consumptive water demand;
approximately 1.3 million hectares of Chile’s
farmland is irrigated. Domestic uses account for 5
per cent, and mining and industrial uses share the
remaining 10 per cent (DGA, 1999).
The level of competition between these uses

varies throughout the country. In most of the
country there is intense pressure on existing water
resources. This pressure is particularly acute in the
northern and central areas, where, since the mid-
1900s, all surface water has already been allocated.

Therefore,makingwater available for new activities
requires one of the following: an improvement in
water-use efficiencies, especially in the case of
irrigation; the exploitation of available groundwater
resources; the building of reservoirs to store surplus
water resources from the winter, spring or humid
years; the reuse of treated water resources; or the
desalination of brackish river water or sea water.
The growth in export agriculture posed a

particular challenge for the water sector, since it did
not develop in areas where there are plentiful water
resources, but in the north and the centre of the
country. The production of fruit and vegetables in
these areas requires water for irrigation –water that
was used in traditional crops. On the other hand,
traditional agriculture – which focuses on growing
crops for domestic consumption or import
substitutes, such as wheat – is located primarily in
the south and is primarily rainfed.
At the beginning of 1980s, the country had to

face restrictions related to water quality and
environmental protection and restoration issues.
Chile had amassed significant environmental debts
(commonly known as ‘environmental liabilities’)
during the 20th century. For example, sewage was
discharged without treatment into the rivers –
causing high levels of gastrointestinal and enteric
diseases downstream from the main cities and
towns. In addition, there were no controls on the
disposal of mining and industrial effluents.
At the end of the 1970s, radical economic

reforms introduced by a new authoritarian
government had amajor impact on thewater sector.
These reforms were implemented based on the
following major axes:

• An economic policy directed at maintaining
macroeconomic equilibriums, principally by
controlling the fiscal deficit and reducing
inflation.

• A policy of opening up the economy to
international trade, allowing the export of
products inwhich the country is competitive and
importing products in which the country is not.
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This process, which was initially implemented
unilaterally by Chile, has been complemented,
more recently, by the signing of various trade
agreements and free trade treaties with
commercial blocks including the USA, the
European Union, Japan, China, South Korea
and Latin American countries, among others.

• The implementation of a series of market
reforms in various sectors of the economy and
a policy of reducing the activities undertaken by
the state, in the sense that the state transfers
those activities that can be undertaken by the
private sector and redirects its efforts to
regulation, the promotion of development, and
to those activities that cannot be assumed by the
private sector.

This strategy, reflecting the ideology of the
new government, redirected the productive

structure of the country towards dynamic
development of exports based principally on natural
resources.
It is very important to emphasize that nearly all

of the products on which the Chilean export model
is based involve the use of thewater resource in their
production (see Figure 11.2). For example, copper
mining uses water in processing the metal once it
has been mined. Moreover, water is scarce in the
north of Chile and it is precisely there – in the
Atacama Desert – that the major proportion of
copper is produced. The production of fresh fruit is
concentrated in areas where plants cannot grow
properly without irrigation. Forestry plantations do
not need irrigation, but water is used in the
subsequent industrial processes of the lumber
industry, such as in pulp production. Finally, salmon
farming requires fresh water in the early stages of
the growth of the fish.
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Figure 11.2 Chilean exports based on water resources
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Consequently, it can be said that, in general
terms, good water resource management is
fundamental to the success of the export model
since those sectors of the economy dependent on
water resources generate a high proportion of total
exports. So, this model of economic and social
development has affected the use andmanagement
of the water resource and has required changes in
public policies related to water.

The approach

The Chilean case clearly demonstrates that water
policies are the result of a complex interplay of
influences within a society. Of these influences,
some originate within the water sector itself, but
most of the principal ones come from other areas
of society, especially the predominant ideological
perceptions and the choice of national development
strategy. Obviously, the internal dynamics of the
water sector can either favour orwork against policy
adjustments. On many occasions, it is these
dynamics that determine whether certain changes
are possible or not.
From this last perspective, in Chile from 1975 to

1990 there was a period in which the policies were
designed under an authoritarian government, with
a decidedly neo-liberal view and a total confidence
in the functioning of the market. Thus there was
little regulation, the role of the state and the need
for planning was minimized, and social demands,
including those of ethnic minorities, and
environmental concerns were largely ignored.
During this period, the government focused on
policies related to creating andderegulatingmarkets
and to establishing the predominance of private
initiative, cost recovery for the self-financing of
public services, and other such issues.
With the switch in 1990 to a democratic

government, the focus shifted – policies tended to
assign a greater role to the state, regulation of
markets, environmental and ethnic concerns, and
attention to social demands. Additionally, the idea

arose of seeking alliances between the public and
the private sectors for the provision of goods and
services. However, despite this shift in focus, the
basic economic structure developed under the
authoritarian government was retained.
These distinct periodswere reflected in thewater

sector both in institutional and legal initiatives and
in the evolution of public investment. During the
authoritarian period, the Water Law (1981) was
promulgated with a decidedly market orientation,
the foundations were established for private
participation in water supply and sewerage services
(1989), and the Promotion of Irrigation Law (1986)
offered partial financing through government
subsidies, but by and large irrigation initiatives were
left to the private sector.
During the democratic period, social,

environmental and regulatory considerations were
added to the water resource system. For example,
the Law on Indigenous Peoples (1993) was enacted
and the Promotion of IrrigationLawwas redirected
towards peasant agriculture (1994); an important
reform was undertaken in environmental matters,
through the promulgation and implementation of
the Basic Environment Law (1994) and the
development of a series of water pollution standards
(1998–2002); and the reform of the Water Law
(2005) was approved and a more balanced concept
of water policy emerged, weighing the economic,
environmental and social dimensions of water and
reaffirming the regulatory role of the state (Peña,
Luraschi and Valenzuela, 2004).
So, overall, the regulatory and institutional

systemdesigned forwater resources at the beginning
of the 1980s, conceived basically to give priority to
the economic aspects of the resource and the
application of marketmechanisms to the sector, has
evolved towards a more balanced view. This is a
result of the challenges arising from the practical
reality of watermanagement and of the developing
perception in different sectors of the role of water
in national development, a change favoured by
political and ideological change in the society as a
whole.
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At the end of this process, the functions of water
management are shared between the state and the
private sector (see Figure 11.3). The state has
assumed the following functions related to water
resources:

• Research and measurement of the water
resource.

• Regulating water use to prevent overuse and
damage to the rights of third parties and
assuring environmental sustainability.

• Regulating services related to water resources
andpromoting conditions for their economically
efficient development.

• Conserving and protecting the water resource
within the context of environmental
sustainability.

• Promoting the satisfaction of the basic needs of
the poorest sectors of the population.

• Promoting, arranging for and, to the extent that
there are social benefits, assisting in the financing
of irrigation projects.

The private sector has the following
responsibilities:

• Studying, financing, deciding on and
undertaking development projects related to the
water resource, including water supply and
hydroelectricity projects. For these purposes
water-use rights are treated as part of their
commercial capital andwater can be considered
an input to the production process.

• It is the job of the private sector, organized into
user organizations, to distribute the resource
according to the rights of each individual
and to maintain the common distribution
infrastructure.
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Instruments used

According to this conceptual approach an
institutional framework of water management has
been built. For this purpose, the main instruments
are theWater Law and the Basic Environment Law.
Other important instruments are the systems of
regulations and incentives governing other activities
inwhichwater is an input (hydroelectricity, domestic
use and irrigation), such as the laws and regulations
of thewater supply and sewerage sector, and the law
promoting irrigation.
The institutional system related to water

resources includes public agencieswith the following
functions: regulation of withdrawals, regulation of
discharges, environmental regulation of water use,
regulation of public services, and assistance to
irrigation. The main agencies are: the General
Water Directorate (DGA), which is responsible for
implementing the Water Law; the National
Commission for Environment (CONAMA); and the
Superintendence of Sanitary Services (SISS).

Water Law

InChile, the institutional system forwater is directed
at achieving more economically efficient water use
and allocation.
With respect to this objective, there is widespread

national agreement regarding the benefits of using
the market to reallocate existing water rights, and
the need to establish property rights over water-use
rights to provide legal certainty to water-related
investments and to enable the market to reallocate
water resources. On the other hand, the
amendments recently approved by a great majority
are intended to reconcile, in practice: water as a
‘national property for public use’ with the
guarantees of property rights over water-use rights;
economic incentives and competition with
protection of the public interest; and the state’s role
in managing a complex resource so crucial to
development with the promotion of private
initiative and management transparency.

So the Water Law, with its amendments, provided
for the market to play a crucial role in two areas:
reallocation of water among private individuals;
and original allocation of water rights. In terms of
the first issue, the Water Law established that,
although water would still be considered national
property for public use, the rights to usewaterwould
have characteristics of property under civil law and
would be the main object of rights, rights in
themselves and not accessories to any other rights,
and would be freely transferable.
With reference to the second aspect – original

allocation of water rights – original water use rights
would be allocated by the state and, in the event of
two or more requests for the same water and
insufficient availability to grant them all, water
rightsmust be allocated through auctions.However,
the President has the authority to protect the public
interest by excludingwater resources fromeconomic
competition when they need to be reserved for
public supply in the absence of other means of
obtaining water or, in the case of non-consumptive
rights, in the event of national interest. Also, rules
have been established to limit requests to genuine
project needs to avoid speculative acquisitions.
Similarly, the legislation states that the authority is
obliged to consider environmental aspects in the
process of establishing new water rights, especially
in terms of determining ecological water flows and
protecting sustainable aquifer management.
It is important to note that before the reform of

theWater Code approved in 2005, ending 13 years
of negotiations in the Chilean Congress, the state
could not reserve water resources to protect public
interest, users did not have to justify the quantity
requested for new water rights allocation, right
holders had no obligation to use the water, and
environmental aspects were not considered in the
process of establishing new water rights. This
method of allocating water resources did not have
the expected results, however, as the auction
mechanism was hardly ever used in practice, and
the allocation of water rights without any limits and
restrictions gave rise to various situations that were
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detrimental to the country, such as the accumulation
of water rights for hoarding and speculation, as
barriers to entry for competitors in various markets
and in order to preclude allocation of water rights
to those who really needed them.One example was
in the area of water rights for non-consumptive use
(hydroelectricity), where 50,000 cubic metres per
second were requested, an amount that is out of all
proportion given that it could not possibly be put to
use for several decades.
So, with the reform, without prejudice to

environmental considerations and the reservation
of water resources in accordance with the public
interest, the allocation criterion for choosing
between various requests will tend to be mainly
economic, in practice, given that it is in the country’s
interest to allocate scarce water resources to those
activities with the highest productivity per cubic
metre of water. Unlike in other countries, there is a
general consensus betweenwater users and political
sectors in Chile that it would be unwise to give
preference to the requirements of a particular user
sector, on the basis that this would encourage
inefficiency and fail to signal to users the relative
scarcity of the resource.

Basic Environment Law

The Basic Environment Law was promulgated in
1994 and is the principal body of law currently
regulating the environmental management of the
water resource in Chile. It established a number of
related means for protecting the environment and
preventing and controlling pollution, the most
important amongst them being:

• Emission and environmental quality standards
have been issued for both surface water and
groundwater relating to the health of the
population and the state of ecosystems.

• Plans have been put in place for pollution
prevention, if the pollution is about to surpass
the standards, or for pollution clean-up
measures, if the standards have been exceeded.

• The environmental impact evaluation system
(SEIA). This system evaluates large investment
projects, both public and private. It applies to
projects that affect the environment, according
to criteria established in the law, and gives
environmental authorization, while suggesting
improvements to the environmental profile of
the projects (mainly mitigation measures,
compensation, restoration and prevention). A
committee constituted by the agencies with
environmental functions evaluates every project.
Also, public participation is considered in the
process.

It is important to note that environmental policy
for water resources has tended to evolve jointly with
water supply and sewerage policy, due to the need
to improve pollution conditions and reduce health
problems. Consequently, the first environmental
standards issued have been in reference to water
supply and sewerage, establishing gradual goals for
sewage treatment.

Water supply and sewerage sector

Up to 1989 the responsibility of supplying water to
the population remained fundamentally in a single
national service under theMinistry of PublicWorks.
Starting from 1989, a deep transformation of the
sector was carried out, creating, based on the
existing public service, 13 regional companies, one
for each region of the country. Additionally, a
Superintendence of Sanitary Services (SISS)
was organized, which assumed the regulating
tasks of the state, especially relative to the quality of
the given services and the rates charged for the
service.
A characteristic of the stage of the state as

regulator is the separation of the normative and
monitoring functions from the functions of
production and commercialization of the services.
So the Chilean policies governing the water supply
and sewerage sector are that the production,
distribution, collection and treatment of water are
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undertaken by those companies, both public and
private, that are regulated by the state through the
tariff system and the control of their investment
plans. According to the legislation, the value of the
tariffs must reflect the real cost of providing the
service including an adequate return for the
company. For its part, the state assists the access of
the less advantaged population through targeted
programmes. In urban areas the state subsidizes
supply to the poorer population through a
municipally run system of partly paying their bills,
while in rural areas water supply is subsidized
through a specific programme under the
responsibility of the Ministry of Public Works.
Finally, in 1998, theLawwasmodified to strongly

reinforce the regulating role of the SISS as, in
practice, especially in drought periods, the
instruments available to enforce the responsibilities
of the companies to provide adequate service had
proved to be insufficient. This legal modification
was also conceived of as an indispensable step prior
to the massive incorporation of the private sector
into the management of the companies.
Since then, in accordance with the

environmental law, efforts have been directed
towards controlling water pollution with an
integrated and long-term view, as well as towards
solving the major problems rapidly through the
construction of waste treatment plants.

Irrigation sector

In Chile, the state promotes and coordinates
projects formediumand largeworks that the private
sector would find difficult to undertake because of
the tremendous coordination required for the study,
expropriation and building of the works. With
regard to finance, the ruling policy is that the
beneficiaries pay a part of the capital invested once
the works have been built, although in practice this
has not led to a high rate of cost recovery.
To promote minor on-farm works, a policy of

direct subsidy to the private sector has been
developed.The drive to enhance on-farm irrigation

and to stimulate the building of small water works
for agricultural use began in 1986 with the
Promotion of Irrigation and Drainage Law. This
law, which includes projects such as modernization
of irrigation systems, projects for the improvement
of transport and small reservoirs, offers subsidies for
projects that cost less than approximately
US$350,000. The system operates through public
competitive bids and in practice the amount of the
subsidy is about 50 per cent, depending on the
number of projects in each competition. Because it
was not possible for poorer farmers to competewith
commercial agriculture for the funds assigned under
the original law, in 1994, the law was amended in
order to have separate competitions for ‘commercial
agriculture’ and for ‘poorer farmers’.

Integratedwater resourcesmanagement
(IWRM) andwater policies

The institutional changes that have occurred since
the late 1970s in Chile must be understood as a
process to build, step by step, an institutional
framework inspired by IWRM.
Themain driver in this process has been the need

to balance economic growth, based on products
highly dependent onwater resources in a context of
scarcity, with environmental and social goals.
For this purpose, the institutional framework

takes an integrated approach to:

• national goals and water policies;
• water availability and demand;
• water allocation between different sectors and
users; and

• environment and water management.

National goals andwater policies

In practice, when water problems seem to be
relevant for the success of public goals, the
convergence of national goals andwater policies has
been established at the highest level of government
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– for example, in the case of policies regarding
promotion of exports and investment, public health,
agriculture development, social equity and others.
To solve these problems awide range of instruments
has been used. So, in some cases, the main role has
been assigned to market incentives and the private
sector by law (export policies); in others a regulatory
approach has been used, defining standards to be
achieved (pollution control, health policies), and
policies on subsidies have been implemented in
some areas (water supply for rural areas, domestic
uses for poor people, irrigation); and in others, direct
intervention by the state has been implemented
(large irrigation projects). It is important to note that
there is not a permanent system to define water
policies. Obviously, this approach has several
drawbacks; however, in practice, the political system
has been sensitive enough to the role of water
management. Therefore, institutional changes have
been promoted by certain ministries (including the
ministry of finance), by state policies lasting several
governments or by coordination committees
between different ministries and agencies, among
other alternatives.

Water availability anddemand

The increase in productive activities related to
exports has created a situation in which it is
necessary to coordinate decisions about demand for

water with water availability. In the Chilean case,
this challenge has been tackled by creating an
institutional system where a water market gives
signals about water scarcity through the price of
water rights. Also, due to the judicial security of
water rights, greater scarcity and increases in the
water price provide incentives for the private sector
to invest in improving water-use efficiency (see
Figure 11.4). So, around the country, according to
each company’s analysis of its local reality, different
supply strategies are defined. There are some
exceptions to this general approach, when the state
has subsidized the demand for social reasons (water
supply for poor people).

Water allocation between different sectors
and users

The state determines the total water rights in a river
or aquifer compatible with environmental
sustainability. When there is no longer water
available to meet all the demands, water rights are
allocated between the different sectors and users
through markets, with only few exceptions due to
social reasons. Also, because the water rights are
independent of a specific use, they can be
transferred between sectors in the watermarket. As
it was pointed out, the physical availability of water
resources, aswell as the specific demand for different
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sectors, is very variable around the country, and
consequently the interest in the water market will
depend fundamentally on the cost of available
options and on other operational considerations
relative to safety of supply. So when water is scarce
the allocation system is designed to allocate the
water to the most productive use.
However, before the approval of the water code

reform, several distortions were observed as a
consequence of the original water rights allocation
system. Also, there are some institutional failures
that need to be addressed to make market
reallocations more effective (see ‘pending
challenges’ below).

Environment andwatermanagement

In Chile, initiatives dealing with water and
environment are integrated, mainly, in the
framework of the National Commission for
Environment (CONAMA), which is a coordination
entity where different sectors and agencies are
represented, including those related to water.
CONAMA’s highest authority is a council of
ministers, so some of the policies are analysed and
implemented directly, in a participative way, by
CONAMA. For example, in the cases of the
environmental evaluation systems and the process
of defining water quality standards in rivers. In
others cases, water regulations and policies, such as
those related toWater Lawand sanitary services, are
implemented by different agencies (DGA, SISS)
with specific environmental functions.
According to the IWRM approach, these

institutional solutions should be aimed at ensuring
economic efficiency in water use, with attention to
social equity and environmental sustainability
concerns.
In the Chilean case, these objectives are

addressed in the following way:

• Economic efficiency in water use: In the Chilean
model, the main drivers of improved efficiency

aremarket incentives. In fact, through the price
of water rights, users have a signal to invest in
avoiding water losses, and to allocate the water
rights to highest value uses. Also, the use of new
technologies, with higher efficiencies, is
promoted because they are fundamental to
producing quality goods that compete
successfully in world markets.

• Social equity: Water policies have several social
goals that are incorporated into laws or
governmental programmes, in order to make
access to water more equitable for everybody.
So, in some cases the bidding system for water
rights allocation is not used, water rights used by
native people are recognized by law, and, in
order to reduce the impact of expenditures on
basic services, a policy of focalized subsidies for
the lowest income groups has been adopted.
Also, focalized subsidies have been developed for
the consumption of electricity and irrigation for
small farmers.

• Environmental sustainability: As it has been
mentioned, the Environmental Law,Water Law
and water sewage regulations include several
instruments for protecting the environment and
controlling its pollution. Among these, themost
important are the rules established in order to
preserve ecological flows in new areas, protect
wetlands, define standards for water discharges
and water quality in rivers, and evaluate the
environmental impact of new projects.

Pending challenges

Even if the basic institutional structure can answer
the main social, economic and environmental
demands, the following challenges are still
unresolved.

Integratedbasinwater resourcesmanagement

While the model adopted by Chile has been
successful in promoting private investment in
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natural resources, it has not been as successful in
encouraging dialogue and negotiation between the
different water users in a basin, especially when
pressure on water resources has become higher.
Most of thewater users’ organizationswere created
in terms of a lawpassed at the beginning of the 20th
century, by the landowners. Since the organizations
were first formed, the users have changed, but
the WUOs have maintained the same structure
and continue as autonomous entities without
government intervention. As the WUOs represent
only those with formal water rights, they do not
necessarily represent all the stakeholders, and have
limited ability to engage groups who impact water
resources in a basin (e.g. polluting industries, cities)
and those who are impacted by water-use decisions
(e.g. fishers, recreational water users).
There are no effective mechanisms at the basin

level to negotiate and solve issues affecting thewhole
basin, such as erosion, floods and diffuse
contamination. Also, several conflicts between
consumptive water uses (e.g. irrigation) and non-
consumptive water uses (e.g. hydroelectricity) have
been generated in the past. There is poor utilization
of the advantages of a conjunctivemanagement of
surface water and groundwater. Lack of consensus
about future scenarios creates difficulties in relation
to public and private decisions. Finally, the current
system for evaluating environmental impacts does
not adequately consider the cumulative impact of
different projects, at the basin level.

Environmental institutions

A second problem regards the implementation of
environmental law and its regulations. In 1994,
public agencies, the private sector and other
stakeholders had neither experience nor specialist
capacity in environmental impact evaluation, and
environmental information and knowledge,
especially on aquatic ecosystems,were poor. Besides,
institutional design did not distinguish clearly
between political and technical roles. So the
environmental review prepared in the OECD

framework (OECD, 2005) recommended
developing and strengthening environmental
institutions at national level and converting them to
an autonomous public regulatory and coordination
body, and reviewingways to strengthen compliance
and enforcement capacity, including through
institutional reforms such as the establishment of an
environmental inspectorate. The government is
considering these recommendations and Congress
is discussing a law to create an Environment
Ministry and aSuperintendent of theEnvironment.

Strengthenwater institutions’ capacity

Institutions, both public agencies and water users’
organizations, need greater capacity to enforce the
water code regulations, especially for aquifers, and
provide the databases, procedures and knowledge
to support good water-market performance. There
is no doubt that this is a long-term task, because
several capacities at different levels must be
developed.

Outcomes and impacts

Support to export policies

Export policies offered a major challenge for the
water sector: how to allow the increases in exports
of several products with high water demands,
despite the fact that available water resources were
committed. That the sector has met this challenge
is demonstrated by the statistics: water-intensive
exports have increased more than eightfold since
1985 (see Figure 11.2) (Banco Central de Chile,
2008). For example, fruit exports have grown
sevenfold, exports of wine have increasedmore than
fiftyfold,mining has expandedninefold, and forestry
products, mainly pulp and sawn lumber, have
increased eightfold. If the country’s water policies
had not changed, Chile would not have been able
to obtain these results (ODEPA, 2005).

164 INTEGRATED WATER RESOURCES MANAGEMENT IN PRACTICE

11c-Integrated Water 151-168  6/2/09  11:45  Page 164



Water-use efficiency andproductivity

The general change in social and economic activity
has not only influenced the total volume of water
required, but also the way in which it is managed –
enforcing the improvement of efficiency and
productivity of water use. This is a consequence
derived fromgreater scarcity, higher prices of water
rights in water markets and from other economic
forces associated with the country’s foreign trade.
The increase in irrigation efficiency has been

achieved through the incorporation of new
technologies. In many cases, the new technologies
were adopted not to reducewater consumption, but
simply as a technological standard for investment
projects, particularly those associated with exports,
considering that such technologies are fundamental
to the development of quality products that
compete successfully inworldmarkets. Adoption of
these technologies has been favoured by state
subsidies through the Promotion of Irrigation and
Drainage Law. So, at present, almost 30 per cent of
irrigated land uses highly water-efficient
technologies (INE, 2008).

At the beginning of the 1980s,mining developed
in a context of little competition for water and,
consequently, the efficiency of use was low – an
estimated three cubicmetres of water for each tonne
of mineral processed. More recently, scarcity and
the price of water rights provided an incentive to
increase efficiency inwater use. So, by 2000, average
consumption reached 0.75 cubic metre for each
tonne of mineral processed. (Figure 11.5 shows the
case of the second largest mine in Chile.) Also,
significant increases in efficiency have been achieved
in wood pulp production: today, only 40 cubic
metres of water are consumed for each tonne
produced, while in the 1980s consumption was
around 130 cubic metres per tonne (Peña et al,
2004).
When water is used more efficiently in

production processes, the resulting productivity of
the water resource will be higher. The economic
productivity of water can also be increased when
water is reallocated to production of higher-value
goods, when new demands are satisfied by transfers
of water rights only marginally used, or when the
production structure of agriculture switches to
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higher-value crops which use less water. This is the
case, for example, in the valleys in northern Chile,
where the economic productivity of water increased
by 58 per cent over a period of ten years
(CAZALAC/RODHOS, 2006).

Water supply

At present, in Chile the indicators of water supply
and sanitation services are at the level of those of
developed countries. Potablewater supply coverage
has reached 99 per cent of the 14 million
inhabitants that live in urban areas, and 85 per cent
of the 1.5 million rural inhabitants. In urban areas,
sanitation has reached 85 per cent of the population
(SISS, 2008).

Pollutionand the environment

In relation to pollution control, the main
achievement of water policies has been the
investment programme in sewage treatment, which
has developed since 1998, in accordance with
environmental law and regulations. Pollution has
decreased substantially since 1998, when only 17
per cent of the sewagewas treated, to 80 per cent in
2007. By 2010 this source of pollution is expected
to be almost 100 per cent controlled (see Figure 11.6)
(SISS, 2008).
Also, the approval of standards for the discharge

of liquid industrial wastes have had a positive

influence on the decision to build treatment plants,
increasing the number of plants fivefold since 1998.
However, asmentioned above, water quality control
is still weak.
Significant improvements are not observable in

the areas of pollution from nutrients and pesticides
by diffuse sources and environmental liabilities
originating in old mining activities.
Chile has the lowest rates of infantmortality and

mortality among children under five in Latin
America, with rates comparable to those of
developed countries. There can be no doubt that the
water supply and sewerage services have made a
significant contribution to the health indices
achieved (CEPIS, 2000).
In relation to the environmental impact of

investment projects, every year, since the Basic
Environmental Lawwas approved,more than 1,000
projects – 50 per cent of which are related to water
– are evaluated, with a projected investment of
around US$5 billion (CONAMA, 2008). Despite
this, concerns have been raised about the quality of
the evaluations, which is one reason why further
reforms of environmental institutions are being
considered.

Lessons learned

The Chilean case shows the interrelationship
between the growth of the country, its demand for
water, and the emergence of environmental
concerns related to the use of natural resources.
Consequently, it demonstrates the importance of
integrating water resources policies and those for
economic and social development, for reaching
national goals.
The evolution of the institutional system is the

result of complex societal influences and the
challenges that have arisen along with economic
growth. It is not the result of a unique design or of
a structure that was coherently conceived from day
one; rather, it is the result of a process of improving
the original design and addresses weaknesses. The
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above suggests that, in specific situations, a step-by-
step strategy for change in the water sector can be
quite enough – particularly if it is governed by a
realistic and pragmatic strategy of resolving the
urgent and the possible, rather than calling for
global reforms.
Policy implementation requires resolution of the

financing question. In poor societies this issue is
critical, since the great majority of beneficiaries of
policies are not able to effectively contribute to their
financing, and the general resources of the state are
usually insufficient due to the enormous pending
demands of other kinds.
In this case, Chile shows a very clear example of

a rigorous phasing of social objectives in the water
sector, even though this was probably less by design
andmore a reflection of the general political change
in the country.
This analysis suggests that proposal for new

policies and social goals should be kept compatible
with the real capabilities of the country, particularly
in the design of methods by which they will be
financed.
There is a common tendency to see a

contradiction between environmental conservation
and the economic development process. The
Chilean experience of this question in the water
sector, although there is no evidence on which to
base definitive conclusions, does not appear to
validate such an affirmation. It is true that threats to
the environment increase as a result of the greater
demand for natural resources; for example, for use
of groundwater and for the use and/or production
of potentially pollutingmaterials. However, there is
also an increase in investment in pollution control
and a greater attention to the design and
implementation of policies directed towards the
control of environmental impacts. As has been
mentioned, in this interplay the globalization
process itself plays an important role in that it allows
the transfer of experiences and technologies from
more developed countries, and works towards the
establishment of international standards.Moreover,
as has been mentioned, in many cases competition

in global markets presupposes a high degree of
technical skill in water management and the
necessity of international certification to assure
access to other markets.
Finally, it is important to note that Chile has

never had an explicit ‘IWRM policy’ nor did the
country ever set out to ‘implement IWRM’. The
process described here was one that set out to solve
water problems as they arose and to ensure that
water did not become an obstacle to social or
economic development. To do this required an
integrated approach and one that eventually
encompassed social equity, economic efficient and
environmental sustainability – the principles of
IWRM. This is an ongoing process and in some
areas there is a need for more rapid progress. But
even as these pending challenges are met, new ones
will arise. Such is the continuous process of IWRM.

Note

1. Humberto Peña served as Director of Chile’s
Directorate of WaterResources from1994 to 2006. As
such, he played a principal role in the definition of the
NationalWater Policy and theChileanWaterReform.
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12
Attempting to Do it All: HowaNewSouth Africa
has HarnessedWater to Address its Development
Challenges

Mike Muller1

South Africa’s transition in 1994 from oppressive minority rule to a vibrant non-racial democracy was hailed as one of the
political successes of the 20th century.With the political transition underway, attention turned to the many challenges of economic
and social development faced by the country and the environmental constraints within which they had to be met.
Water was one of these constraints.With national water use approaching total water availability – and exceeding it in some

catchments, to the detriment of the environment – it was recognized that there was an urgent need to move from developing the
resource to focusing on its effective management. In this context, South Africa has had to attempt to ‘do it all’, to address social,
environmental and economic needs in a single, sweeping reform process.
The key lesson from the South African experience is that broader political change can create important opportunities to improve

water management. The reform is more likely to be successful if it is sequenced to address social objectives at an early stage to
maintain political support for more complex economic and environmental reforms.
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Figure 12.1 Major rivers and basins in South Africa
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The development context and South Africa’s
water challenge

If the volumeof renewable freshwater available per
person annually is used as a measure, South Africa
is one of the 30driest countries on earth (UNESCO-
WWAP,Table 4.3, 2006).Availablewater is unevenly
distributed,withhalf the country largely semi-desert,
and the climate is extremely variable. In addition,
the country’smain rivers, notably theOrange-Senqu
and the Limpopo, are shared with six neighbours
whose resources are also limited.

Water has been crucial to SouthAfrica’s economy
from the time when Holland colonized the Cape as
awatering and victualling station for theAsia-bound
fleet of the Dutch East India Company. In many
areas, the expansionof agriculturedependedheavily
onappropriating the limitednaturalwater resources.
And when, in the 19th century, the gold and

diamonds that formed the basis of South Africa’s
industrial economy were found, new pressures were
placed on the water resources.

Since the economy developed around the
exploitation of the country’s mineral resources, a
large proportion of the population and 60 per cent
of its national GDP are concentrated inland, at the
centre of the country and near the source of a
number of important rivers. Indeed, as the
Government’s National Spatial Development
Perspective has highlighted, ‘the dominant pattern
of settlement and economic activity in South Africa
is largelyoutof linewithwateravailability’ (Presidency
of South Africa, 2003: 13), as Figure 12.2 shows.

This poses challenges both for supply – water
often has to be pumped uphill to the users – and for
water quality – since pollution is generated at the
top of the catchments, it impacts everyonewho lives
downstream.
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Figure 12.2 The regions with the highest contribution to GDP and the highest proportion of the population
are often those with the lowest proportion of the water, as measured by the Mean Annual Runoff (MAR)
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Reliable water supplies are already intensively
used.One indicator of this is the extent towhich the
different river basins have been interconnected, to
maximize their yields and to provide security against
drought (Figure 12.3). Effectivewatermanagement
has long been recognized to be vital for national
wellbeing and progress. And over the course of the
20th century, national competenceswere developed
and institutions built to address the technical and
investment challenges.

By 1990, despite the extensive infrastructure
development which included enough dams to store
65 per cent of annual flows, water use was
approaching the amount of water that could be
made available economically and reliably at

national level, and exceeding it in 10 of the country’s
19watermanagement areas, to the detriment of the
aquatic environment as well as to the users (see
Table 12.1). There was thus an obvious need to
move from the historic approach of developing the
resource to increase supplies to focusing on effective
resource management and conservation.

However, as in many countries, agriculture had
long been the largest water user. And it was
entrenched interests, notably the white farming
community, that had blocked reforms, many of
which had been proposed by the government’s own
water managers, backed by a national Commission
of Enquiry, almost 25 years before (Government of
South Africa, 1970).
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Figure 12.3 Water management areas showing inter-basin water transfers
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Unsustainable water use was only one of many
challenges facing the new South Africa. The
country also inherited a skewed and highly unequal
economy from theminority-based government that
was in place until 1994. The transition to
democracy added to the challenges of the water
sector. Newly established local government
institutions had to immediately address water needs
since one of the highest priorities of the newly
enfranchised voters was safe water, conveniently
available – something that had been denied to them
in the past (Muller, 2007). The expansion of
sanitation services put further pressure on thewater
resources.

However, political change also provided the
opportunity for fundamental reforms in the way
water is managed. The transfer of political power
weakened the entrenched interests that had
previously obstructed change and unblocked the
streams of discussion that were needed to pilot a
more sustainable future (Muller, 1998).

This chapter reviews the policy process that was
followed in South Africa, from the perspective of a
policy-maker, and outlines the main reforms that
were introduced, the policies and institutions that
were developed, and the instruments and
approaches used.

The focus is on the big ideas, the strategic
interventions and the tactical innovations thatmade
it possible to make rapid progress.

Finally, the quality of that progress is reviewed to
answer the key question – did the structured
approach that was adopted to improve water
resource management really make a difference to
the lives of ordinary South Africans?

The reformprocess

South Africa’s water reform started with one great
advantage: it was part of amuch larger process. The
new government came to power with an
overwhelming political mandate for change. One
small part of that was to ‘undertake a process to

involve all relevant parties in updating theWaterAct
to ensure the right of all South Africans to water
security’ (ANC, 1994: 30). There was no need to
persuade decision-makers and stakeholders of the
need to interrogate and reframe the way water was
managed in the country because similar processes
were happening in just about every corner of the
country’s life. This meant that there was a
framework for policy review and institutional
transformation that the water sector could adopt
without having to bang too loudly on the table for
attention. And, in the excitement of the transition,
therewas a great deal of energy and interest among
ordinary people, aswell as themajor interest groups,
in participating in such processes. All concerned
went about this with gusto through a range of
consultative processes that drew a wide community
into a five-year period of debate, and produced a
national water policy (DWAF, 1997) which guided
the drafting of new water resource legislation
(Government of South Africa, 1998).

While the structure of government had to be
transformed to address the new realities and the
needs of the majority of the population, an early
decision had been made to retain the country’s
Department of Water Affairs and Forestry (DWAF)
as a national organization to manage the water
resources of the country. In addition, it had already
been decided to expand DWAF’s mandate to
include leading the provision of water supply and
sanitation services. This maintained not just
technical competences, but also the institutional
memory of a complex sector that has to prepare for
extreme floods and droughts that might only occur
once every 20 years.

There were some predictable problems.
Counter-intuitively, one was that water was such a
high priority in the many communities that had
been denied access to safe water in the past (an
estimated 12 out of 36 million people were without
safe water in 1994; 21 million were without safe
sanitation). From a water resource perspective, this
meant that when water was put on the agenda of a
meeting, most people wanted to talk about how to
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get safe water piped to their homes or those of their
constituents; therewas less interest in environmental
protection, long-termwater security and howwater
should be shared with neighbouring countries. On
the other hand, since water resources had been
monopolized by a minority of white farmers in the
past, there was not a great deal of popular interest
or sympathy in protecting the privileged water use
enjoyed in the farming areas (Muller, 2007).

Key concepts

In the policy area, some of the ‘big ideas’ had been
identified, if not implemented, in other countries.

First, the legal status of waterwas clarified; it was
defined as an ‘indivisible national resource’, with
national government responsible for its
custodianship as a public trust. This legislation gave
the national government a duty to regulate water
use for the benefit of all South Africans, taking into
account the public nature of water resources and
the need tomake sure that there is fair access to these
resources, and that they are beneficially used in the
public interest.

Then the objectives of water resource
management, which often cause confusion, were
clarified. In South Africa’s Constitution, the
distinction was drawn between themanagement of
water resources (a natural resource in rivers and
underground), which is a national competence, and
the provision of water services (crudely put,
managing water in pipes), which is a local
government matter (Government of South Africa,
1996).

TheConstitution, enacted in 1996, provided the
legal framework within which property rights and
environmental protection could be addressed in the
new political dispensation; it also provided a right
of ‘access to sufficient food andwater’, although this
has little impact on the management of water as a
resource.

Other ‘big ideas’ that shaped the evolution of
water management included:

• a clear statement of the goals of water resource
management;

• establishing a formal basis for protection of
aquatic ecosystems;

• treating underground water, as an integral part
of the hydrological cycle, in the same way as
surface water;

• transforming the concept of water rights from
what were perceived to be permanent property
rights to temporary use rights;

• recognizing that many elements of water
management could more effectively be
undertaken on a catchment basis;

• ensuring that water resource allocation would
be guided by social goals; and

• moving beyond infrastructure development to
focus on water conservation and effective
management as well.

The first draft of the Water Law Principles had
suggested that ‘the core objective of water resource
management … is to ensure that water is available
in sufficient quantity, quality and reliability for the
development and well being of the nation’. That
certainly had been the lodestone of South Africa’s
water managers in the past, engineers for whom
building dams tomake new supplies available was a
rite of passage.

After some consideration, it was agreed that this
statement did not reflect the new imperatives.
Despite the best efforts of the engineers, the reality
was that there was simply not enough water
available to support water consumption if it
continued to grow as it had in the past.

Amoremodest but arguablymore radical vision
was adopted, namely that ‘The objective of
managing the quantity, quality and reliability of the
nation’s water resources is to achieve optimum long
term social and economic benefit for society from
their use’ (DWAF, 1996).

The newapproachwas less heroic,more humble,
but crucially better reflected South Africa’s future
reality in which it was going to have to manage the
resource and the tension between growing demand

174 INTEGRATED WATER RESOURCES MANAGEMENT IN PRACTICE

12c-Integrated Water 169-186  6/2/09  11:46  Page 174



and finite supply, and ensure that the limited water
that is available is used not just productively and
beneficially, but optimally.

The environmental reserve

The requirement that water be reserved to
meet environmental needs represented a major
advance,whichwater administrators and others had
been seeking for decades. The approach taken was
guided by the provision in the Bill of Rights that
stated:

Everyone has the right … to have the environment
protected for the benefit of present and future
generations through reasonable legislative and other
measures that: prevent pollution and environmental

degradation, promote conservation and secure
ecologically sustainabledevelopment anduseof natural
resources while promoting justifiable economic and
social development.

This supported the introduction of the concept
of the environmental reserve, which requires that,
beforewater froma river or other source is allocated
for other uses, the environmental requirements of
that resource itself should be determined and
‘reserved’. (A similar provision for a reserve for basic
human needs was included; it was both more
obvious and, in quantitative terms at least, of lesser
impact.) An early estimate (see Table 12.1) was that
approximately 20 per cent of flows would have to
be reserved for environmental purposes (compared
to less than 2 per cent for basic human needs).
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Table 12.1 Natural mean annual runoff and the environmental reserve (in millions of cubic metres per year), and storage in major
dams (in millions of cubic metres)

Water management area Natural mean annual Ecological Storage in major
runoff (1) reserve(1, 2) dams (3)

1 Limpopo 986 156 319
2 Luvuvhu/Letaba 1,185 224 531
3 Crocodile West and Marico 855 164 854
4 Olifants 2,040 460 1,078
5 Inkomati (4) 3,539 1,008 768
6 Usutu to Mhlatuze (5) 4,780 1,192 3,692
7 Thukela 3,799 859 1,125
8 Upper Vaal 2,423 299 5,725
9 Middle Vaal 888 109 467
10 Lower Vaal 181 49 1,375
11 Mvoti to Umzimkulu 4,798 1,160 827
12 Mzimvubu to Keiskamma 7,241 1,122 1,115
13 Upper Orange (6) 6,981 1,349 11,711
14 Lower Orange (7) 502 69 298
15 Fish to Tsitsikamma 2,154 243 739
16 Gouritz 1,679 325 301
17 Olifants/Doring 1,108 156 132
18 Breede 2 ,472 384 1,060
19 Berg 1 ,429 217 295

Total for South Africa 49,040 9,545 32,412

Source: DWAF, 2004

12c-Integrated Water 169-186  6/2/09  11:46  Page 175



Licences to use water, with limited trading

Another critical element of the new policy was to
establish that water rights were use rights (rather
than property rights); as such, they became subject
to regulation in much the same way that land use is
routinely subject to zoning. This recognizes that
priorities for water use will change with time and
provides a mechanism to reflect such changes. By
stating that water use rights have a limited life span,
the concept of fixed, permanent allocations was
definitively ended.

At the same time, this was done in amanner that
recognized the need for certainty and continuity
amongst water users. This was vitally important.
There was initial concern that the approach would
undermine economic activity based on water. But
negotiationswith SouthAfrica’smajor banks, aswell
as agricultural organizations, resulted in a helpful
compromise: use rights could extend for a period of
up to 40 years and the length of a licence would be
determined, in part, by the extent and nature of the
investments made in relation to the water use in
question. No factory or farm could arbitrarily lose
the water on which it depended for production.

Trading in water use rights was a contentious
issue; therewere real fears that some inland farmers
would sell their water to mines and cities and retire
to the coast, thus leaving government to solve the
problem of tens of thousands of people stranded in
suddenly unproductive rural areas. However, there
was no desire to establish rigid administrative
systems that would prevent local farmers from
trading allocations between themselves. As a result,
while all trades had to be registered, far stricter
regulatory control was imposed over transfers
between different user sectors and those that took
water outside the individual sub-catchments.

Consultative allocation to achieve management
goals

Internationally, experience has shown that, because
water is such a high-volume, low-value commodity,
it is difficult to establish effectivemarkets to allocate

it. To address this, two forms of allocation were
introduced. For individual applications forwater use
rights, clear criteria were established to guide
decision-making. In catchments where there was
already significant competition between users, a
periodic allocation process, which includes
compulsory licensing, was introduced. This process
is to be managed by catchment stakeholders to
reflect local priorities within the framework of the
original licences.

While farmers and industrialists could not lose
their water during the term of their use right, they
might be challenged during a reallocation process
to invest in greater efficiency if, through such
investments, water could bemade available to other
users or tomeet the needs of the environment. Thus
large water users were given the incentive to
improve their efficiency, since doing so contributes
to their own water security, embodied in the
extension of their licences.

Water conservation demand management

The notion that water conservation and demand
management were projects with asmuch validity as
dam construction and inter-basin transfers was one
specific outcome of the policy debates of the pre-
1994 period.

Water services programme

In parallel with these ideas and usually in the
foreground, in the public perception at least, priority
was given to an intensive national programme to
provide safe water to the 12 million South Africans
who did not yet have access to it (DWAF, 1994). The
national programme reached more than 10 million
people in the first ten years; housing and municipal
programmes extended safe water to another 4
million (the number of people the government
needed to provide service to increased over the
period, along witht he population). The progress
in this area gave credibility to and mobilized
political support for water resources management
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efforts, particularly since the department
responsible for water resources management,
DWAF, was called upon to help new municipalities
to establish their water supply and sanitation
functions. Demonstrating that water reform meant
practical improvements in the lives of poor people
was a vital driver in the process. Innovations such as
providing free basic water were part of a broader
pricing policy forwater services, which included the
introduction of stepped tariffs that encouraged
conservation by high volume users (Muller, 2008).

From these big ideas, policies and strategies,
flowed a range of instruments and institutional
arrangements to put them into practice.

Frompolicy to implementationwith equity,
efficiency and sustainability

Good ideas remain just that, ideas, until they are
implemented. And implementation is often the
hurdle at which many good ideas, including sound
water policies, fail. So a clear implementation
strategy is a precondition for any successful policy.

The 1998 National Water Act requires the
preparation of aNationalWaterResource Strategy,
which is to be reviewed on a regular basis, to guide
the activities of all parties responsible for water
resource management.

The Strategy has to be developed in consultation
with all interested parties. Once prepared, it
establishes a statutory frameworkwithinwhich local
and regional management organizations have to
work – determining, for instance, how much water
has to be released to neighbouring countries or
transferred to other catchments. As important, it
enables water users from all sectors to understand
how they fit into the bigger water picture.

The first edition of the Strategy, promoted
initially as SouthAfrica’s ‘blueprint for survival’, was
approved and published in 2004. It set out a 20-year
programme of implementation that includes the
establishment of new regional water management
organizations, the new infrastructure investment

programmeand, critically, the phasing in of the new
management approaches. It incidentally made
South Africa one of the first countries to meet the
target for the development of national IWRM and
water efficiency strategies set at the 2002 World
Summit on Sustainable Development.

In both theNationalWater Act and the Strategy,
equity and efficiencywere addressed by recognizing
that the objective of water management and
allocation is an ‘optimal benefit to the society’;
establishingwater use as a temporary right; allowing
transfers from one user to another; and, for
economic users, promoting the user-pays principle
and the polluter-pays principle, including charging
for wastewater disposal. All these instruments help
to encourage more efficient use of water.

A further step to achieve equity was to ‘reserve’
the water required to meet basic human needs.
Equity in use of water for non-domestic purposes
was promoted by designing allocation and financial
support mechanisms that would allow formerly
excluded communities to gain access to water
resources.

For the first time in South African water
management, the environmentwas put centre stage,
through the establishment of the environmental
reserve. While the implementation of the reserve is
necessarily a long-termprocess, other interventions
– notably the approach to pricing water (DWAF,
1999), including the implementation of receiving
water quality approaches – have already had
significant impacts. These impactswill be reinforced
by the introduction of pollution pricing, which was
imminent in 2008.

Talking to the users – how water became part
of development

Central to South Africa’s reform was the explicit
understanding that water is an ‘indivisible national
asset’, for which national government is the
‘custodian’. Whereas, previously, there had been
different categories of water (groundwater, for
instance, was considered to be ‘private’), the new
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policy brought the entire water cycle into one
management system. This also avoided the
fragmentation of water administration between
different spheres of government and different sets
of rules.

Equally, the emphasis on the river basins as units
of management provided a framework for the
engagement of stakeholders, particularly since the
proposed catchment management agencies were
given an explicit mandate to ensure that economic,
social and environmental needs were effectively
reconciled. By virtue of its water stress, SouthAfrica
already has extensive systems of inter-basin
connections that require strategic oversight to
manage effectively. The requirement for a regularly
updatedNationalWaterResource Strategy provides
the instrument for such oversight, as well as
mandating a structured planning process at a more
local level.

These approaches were possible because the
legislation reinforced the role of theDepartment of
Water Affairs and Forestry as a strong apex
institution to take overall responsibility for water
management. The Department’s role was
strengthened, paradoxically, by the recognition that
water had to be managed on a regional (although
not river-basin) level if economic, social and
environmental needs were to be effectively
balanced, and that the voices of users had to be
heard in the process. A planning process was
therefore developed that took local and regional
inputs from different user groups and integrated
them into broader national development planning.

Major reform like this takes many years to effect
and even longer for its full impact to be apparent.
However, if it does not yield early results or worse,
if its implementation runs into difficulties,
international experience suggests that it will fail.
The policies and legislation described here were
developed over a four-year period, which allowed
extensive consultation with most interest groups.

If it was important to have a national custodian
for all water matters, it was just as important to
recognize that the water resource managers were

not the water users and that user sectors had to be
engaged effectively if watermanagement goalswere
to be achieved.

So the approach to water supply and sanitation
services was developed in conjunctionwith the local
government sector. Much of the water services’
policy and legislation (see, for instance,Government
of South Africa, 1997), notably in relation to
planning and the distinction between regulatory
oversight and service provision, anticipated and
catalysed approaches taken in that sector, although
local government did not always accept that the
resource management role was not their remit.

Irrigation policy was developed jointly with the
Department of Agriculture, even if this did delay
the process substantially.

The policy on managing the impacts of mining
on water resources was developed in consultation
with the Minerals and Energy Department as well
aswith theChamber of Mines, which represents the
mining industry.

Finally, while water resource management is an
environmentalmanagement activity in its own right,
the policy-makers recognized that the approaches
taken had to be consistent with the overarching
approach to environmental management. To this
end, a great deal of joint work was undertaken with
the Department of Environmental Affairs and
Tourism so that, notwithstanding the inevitable
bureaucratic boundary disputes, overall approaches
were coherent and there was cooperation and
coordination in their implementation.

Another important channel for integration was
through South Africa’s national strategic planning
system (see Figure 12.4). Because thewater resource
management process had explicitly addressed the
opportunities and constraints created by water in
different regions and for different sectors, it was
relatively easy to ensure that these were reflected in
regional and sector plans as well as in SouthAfrica’s
National Spatial Development Framework. The
value of having the water constraints set out in a
document published by the country’s presidency,
rather than simply by a line department, should
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not be underestimated in any government system.
So the inclusion of comments such as ‘The
dominant pattern of settlement and economic
activity in South Africa is largely out of line with
water availability …’ in the country’s National
Spatial Development Perspective is, in itself, an
important achievement (Presidency of South
Africa, 2003).

The outcomes

The process might have been consultative and
inclusive, the approach integrated, but the nagging
question remains: what impact did it have?
Government and water managers (including the
author) claimmany successes, although there is also
recognition that implementation is proving to be
more difficult than anticipated.There are alsomany
critics, some of whom simply write off South
Africa’s water policy as neo-liberalism inspired by
the World Bank (Bond, 2000; Bond and Ngwane,
2001), while others have provided more nuanced
accounts of the evolution of policy from civil society

and academic perspectives (Munnik and Phalane,
2004; De Coning, 2006).

Especially since the reforms in water were part
of amuch larger programmeof change, impacts are
difficult to isolate and attribute. Nevertheless, even
at the level of a whole country, some outcomes can
be identified andmeasured. And since the objective
of better watermanagement is to achieve outcomes
in all three dimensions – social, economic and
environmental – it is to these that we look, in turn
to identify what has been achieved in South Africa
as a result of good water resource management in
the 12 years since a democratic government came
to power.

Turning first to the social dimension:

• For a start, good water resources management enabled
more than 14 million people to get access to safe water
between 1994 and 2005. Although the resource
is very limited and there is significant
competition between users, the government’s
water supply programme was not constrained
by conflicts over water resources. In part this is
because basic water needs do not usually place
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a substantial demand on the resource. Even in
South Africa, 25 litres per person per day uses
barely more than 1 per cent of available water.
But even in areas where the resource is
overexploited, the priority of basic humanneeds
over all other activities was respected.

• Good management – including secure
allocations, clear responsibilities and an explicit
pricing policy – made it possible to fund a
number of large economic projects using
private-sector resources. This is vital in
addressing social challenges because it releases
public funding that would otherwise have been
spent on infrastructure to supply industries and
well-off domestic consumers who can well
afford the costs. Over a ten-year period, users
funded more investment in projects such as the
Lesotho Highlands, Western Cape’s Berg River
Dam, the Vaal River Augmentation and others
(more thanR13 billion or roughlyUS$2 billion)
than was required for the national basic needs
programme (around R10 billion, roughly
US$1.6 billion).

• Social needs have also been extensively served
as part of the process of economic investment.
Thus, in a number of privately funded projects,
notably in the Lebalelo and Impala Water User
Association projects, water allocations and
project approvals for economic users were
granted on the basis of agreements to reserve
some of the water provided for social purposes.

In the economic domain, key indicators such
as water productivity (in terms of contribution to
the GDP or jobs per cubic metre) and the real price
of water for economic use (an indicator of response
to scarcity) have increased (NEDLAC, 2008). And
there are many examples where the social and the
economic domains overlap and are mutually
supportive:

• The construction of the Bivane Dam, intended
to increase water security (and therefore incomes and
employment levels) of 16,000 hectares of commercial

sugar farms in the Zululand region was approved
on the condition that part of the water it made
available must be used to supply 250,000 rural
people in the region. It also significantly
expanded the irrigated area, creating new
opportunities for some of these small-scale users
to engage in commercial farming on their own
account.

• Similar benefits were made available from a
development on the Blyde River: R110 million
(US$19 million) was invested by commercial
farmers in a new pipeline to reduce water losses
between the dam and their mango and citrus
orchards; part of the water saved was allocated
to expand irrigation for small-scale farmers although land
reform processes have stalled this component of the project.
The pipeline also enabled the farmers to save
energy by using the pressure from the head of the
water in the dam instead of electric pumps to
drive their irrigation systems.

• A key outcomeof the abolition of riparianwater
rights has been the expansion of irrigation on
land that does not enjoy river frontage. This has
encouraged a significant expansion in the
production of table grapes for the exportmarket
along the Orange River in the Northern Cape.
Agricultural employment in the province has increased
significantly as a result, in contrast to the overall
decline at national level.

• Benefits did not just accrue to SouthAfrica.One
direct result of water-sharing agreements
reached between Mozambique, Swaziland and
SouthAfrica over the use of the shared Incomati
and Maputo Rivers was to release an investment
of R115 million (US$20 million) in the Lower Usutu
Irrigation Project. This will create an estimated
5,600 jobs in Swaziland, mainly in smallholder
farming, secure from the ever-present risk of
drought.

• The threat of drought has forced the country to
invest in ensuring the water supply, particularly
in the dry interior. One response to this was the
Lesotho Highlands Water Project, built jointly
with neighbouring Lesotho, which stores and
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transfers water from the Orange River
catchment to its Vaal tributary high in the
mountains, avoiding the need to pump it up to
consumers. While the project has been fiercely
attacked by anti-dam activists, it has boosted
Lesotho’s GDP by about 15 per cent and created
thousands of jobs in a small country plagued by
high levels of unemployment; the project has
also provided water security to the Gauteng region,
which is responsible for 60 per cent of South Africa’s
GDP.

• Good hydrological analysis, careful planning
and targeted investment in infrastructure also
yield one key benefit that is too easily taken for
granted: the provision of a reliable water supply.
Although the climate of South Africa’s interior
is extremely variable, no significant water shortages
have affected the key economic activities over the
past decade despite some serious droughts. (The
one major exception occurred when the
construction of a dam to expand Cape Town’s
water supply was delayed by challenges from
environmental groups.)During the sameperiod,
while failures in electricity infrastructure and
high prices and poor service from the country’s
transport and telecom utilities were widely
blamed for hindering the country’s economic
progress, the reliability of water supplies was not
identified as a constraint.

• Attention to the competing demands for water
in the inland areas of the country and awareness
of the problems caused by pollution from both
domestic and industrial sources have also
produced direct benefits. A number of mining
projects in water scarce areas are taking their water
supplies from municipal wastewater discharges.
Agreements have been reached in a number of
cases betweenmines andmunicipalitieswhereby
the mining companies build the sewage
treatment works and take the effluent to be used
in their processes.

• Technology for such cooperative treatment has been
developed with support from South Africa’s user-funded
Water Research Commission in response to the challenges

identified by the users themselves. Indeed, one of the
strengths of South Africa’s reform process has
been its ability to turn to the country’s university
andR&Dcommunity for support. This support
has often been funded through the Water
Research Commission.

Again, these final examples demonstrate how
environmental benefits flow, almost seamlessly,
from the more integrated approach to water
management that has been taken in the country:

• Pressure to reduce pollution has seen a number
of major industries based in sensitive inland catchments
move towards zero discharge processes. The measure
of success in these cases is the investment that
has been made. Thus the steel company Mittal
(formerly Iscor) has invested over R500 million
(US$83 million) in process improvements to
convert its Vanderbijl Park plant on the Vaal
River to zero-discharge operation; the paper
company SAPPI has spent a comparable
amount on new processes to reduce pollution
from its Ngodwana plant.

• An explicit focus on water conservation and
demand management has also achieved
successes. One measure of this is that domestic
water consumption in urban areas grew by only 20 per
cent between 2001 and 2006, while the number of people
served increased by nearly 50 per cent. These figures
indicate that per capita use of water fell steadily
over the period, driven by a variety of factors
including a tariff policy explicitly designed to
discourage wasteful use of water (NEDLAC,
2008).

• A subtle but important achievement has been to
ensure that water prices reflect the opportunities and
constraints imposed by the natural resource. Thus
industrial water prices in inland areas tend to be
set at the level of the highest tier of domestic
water charges (appropriate given the scarcity
and the marginal cost of developing additional
supplies). Meanwhile, in coastal areas, prices
tend towards the lower and median domestic
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charges, which are close to the cost of
desalination. This is appropriate since
desalination will be able to supply industry in
coastal areas, and is an indication that the
pricing system is sending appropriate signals to
water users as towhere they should go to expand
their thirsty operations (NEDLAC, 2008).

• The environmental gains link back again to
social gains. Thus Working for Water, a land
management initiative organized as a public
works job-creation programme, has cleared over
amillion hectares of alien vegetation. This work
has had a significant impact on the availability
of water in some sensitive catchments.However,
its most immediate and visible success has been
the employment opportunities it has generated
– the equivalent of around 12,000 full-time jobs
per year in some of South Africa’s poorest rural
communities. Thus it has linkedwater towelfare
in a very practical way.

There have been many other important
developments. Since to manage you need to
measure, an important advance has been to
establish a register of existing actual water use throughout
the country. The registered claims are now being
verified, which is a massive task since many users
have claimedmore than their original entitlements.
However, users are funding the management
process through their water charges, which they
have a strong incentive to pay since, if they do not,
they might lose all rights to use water.

One consequence is that water users are now
paying more attention to what their neighbours are
doing. Following complaints about illegal water use,
there were a number of high-profile raids that led
to illegal dams being demolished and boreholes
being shut down, enforcement activities that
contributed to a growing water awareness in the country
– without which any water reform process is
doomed to failure.

This encouraging report should not create the
impression that all in the water sector is positive.
Some of the agricultural support schemes have

come to a standstill as farmers contest the costs and
seek additional government support. In others,
planned engagement of small farmers has been
halted by disputes over land tenure.The land reform
process, intended to promote rural equity, has in
many places created conflict and uncertainty, which
has reduced the opportunities to use the water that
has been made available for social and economic
development.

There are concerns about the management of
existingwater resources infrastructure and about the
country’s ability tomaintain the technical excellence
needed for water management in conditions of
scarcity. And there are indications that the erosion
of institutional capacity is beginning to hinder some
of the more ambitious innovations.

On a more mundane and local level, pollution
caused by poorlymanaged sewage treatmentworks,
in part the result of the enthusiastic expansion of
services without due attention to managing their
wastewaters, is a problem in many areas. The
problem is compounded by a general lack of
technical capacity in the municipalities to which
many powers and functions were decentralized
without full understanding of their administrative
and financial constraints.

And, although preliminary work is being done,
no compulsory licensing process has yet been
undertaken in a stressed catchment, wherewater use
has to be reduced in order to meet environmental
goals.

Nevertheless, there is a sense that water
management is not just staying ahead of economic
and social development, but is actively contributing
to it. And there is growing understanding of the
balance between development and environmental
sustainability, although the debates are no less
contentious.

Lessons learned

Perhaps the key lesson from the South African
experience is that broader political change can
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create important opportunities to implement more
effective water management arrangements. The
water reform is more likely to be successful if it is
sequenced to address social objectives at an early
stage, since that helps to generate political support
for more complex economic and environmental
reforms that may take longer to implement.

Another lesson is the importance of having a

strong technical institution that could provide a
scientific and intellectual foundation from which to
understand the resource challenges and respond to
them.

The approach to the establishment of new
institutions and the allocation reform has been
pragmatic – the national water resource strategy
programme allows 20 years for it to be completed.
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Box 12.1 The Limpopo Province grapples with its water constraints

It is sometimes hard to separate the social, economic and environmental outcomes that have been achieved by
effective, well-coordinated water resource management that has engaged effectively with its stakeholders. In the
Limpopo Province, arguably one of the most water-stressed in the country, water has been at the centre of the
province’s Growth and Development Strategy discussions. The province’s initial priorities were more irrigation,
mining and tourism – all of which required more water. After presentations to the provincial cabinet as well as to
public planning meetings, it was recognized that water was going to be a major constraint and that, since there
would be no more water for agriculture, existing allocations would have to be used more efficiently.

A series of innovative actions have helped enable the province to pursue its goals within the constraints of
available water and with active environmental groups, led by the Kruger National Park authorities, campaigning
to limit abstractions and reduce pollution:

• Mining companies are cooperating with municipalities in the province to use urban wastewater in mining
processes. Themines fund themunicipal sewageworks and are also responsible for treating their own effluent
after the water has been used for a second time.

• A group of competing mining companies joined together to fund and build a R350 million (US$110 million)
canal system to transfer water from a surplus area to support expansion of their operations. They included
capacity for domestic supplies to approximately 150,000 people along the route.

• Some water was ‘rented’ from small farmers who used the rental payments to help fund the rehabilitation of
irrigation systems that had fallen into disrepair.

• After four years of technical investigations and social and environmental consultations, it was agreed to build
the new De Hoop Dam that should start supplying the mines in 2011. It will also support a pumped storage
scheme to generate peak electricity, enable minimum flows to be maintained in the Olifants River (which
flows through the environmentally important Kruger National Park into neighbouring Mozambique), and
provide a secure source for domestic supplies to at least 250,000 people.

• Mozambique agreed to allow construction of the dam on the shared river because there were already
agreements in place to protect its interests.

• The communities affected by the various alternative dam sites were actively competing for their site to be
chosen. This was in part because, on a previous project (the construction of the Nandoni Dam), levels of
compensation were agreed with the rural communities whose dwellings or fields were affected. The terms
were sufficiently attractive to encourage other communities to volunteer sites for new dams in their areas.

• Finally, the amount of water available in the province is also being augmented by substantial flows of treated
wastewater from the urban areas around Johannesburg, some of which is, in turn, derived from the Lesotho
Highlands Water Project.
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This allows new approaches to be developed and
implemented (rather than imposed) at the pace of
the people concerned.

Finally, during the transition to democracy, South
Africa took the decision not to decentralize the
overall function of water resource management.
This was based on the experience of other countries
with federal constitutions, where the allocation of
water management powers and functions to States
or Provinces has created major obstacles to the
achievement of equitable, efficient and sustainable
water use. The notion that water is an indivisible
national asset has proved to be an important
element of South Africa’s water management
success so far.

While itmay have been the particular conditions
of South Africa that led to an attempt to ‘do it all’
at once rather than move by piecemeal reform, the
outcome so far has been positive although many
challenges remain. It is not, however, a model that
other countries should necessarily follow. Indeed, it
was the coincidence of reaching a political threshold
at the same time as the water resource constraints
became acute that has shaped the South African
process. Unless those conditions apply, it would be
rash to attempt to replicate it elsewhere.

However, perhaps the final key lesson is that
much of the technical foundation for the reforms
had been laid before the political transition, which
made it possible for them to be implemented. The
SouthAfrican case demonstrates that it is rarely too
early to plan for the future.

Note

1. The author served as Director General of South
Africa’s Department of Water Affairs and Forestry
from 1997 to 2005, and thus was intimately involved
in much of the process described here.
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Part Four – Transnational Level
The approach to be adopted when moving from national to a larger scale is often mirrored by the need
for common approaches within countries with federal systems of government, which include the USA,
India and Australia. As at other scales, what has to be decided is what issues, actions and decisions should
be addressed at which level.

Sometimes this is obvious. The sharing of water within a water basin needs to be agreed at the level of
that basin and, if it is shared between two countries, an international agreement will be required. If, as in
a federal nation such as Australia, responsibility for water resource management is placed at a state
(provincial) level, water sharing has to be treated as an interstate matter, with formal agreements, as has
been done in the Murray–Darling Basin.

However, just as with basins which fall entirely within a national jurisdiction, all matters to do with water
use in a basin do not necessarily have to be controlled at basin level. Typically, a state or country may
apply its own criteria and procedures to govern water that is allocated to it. The exception is with respect
to decisions which impact across borders, such as those related to water quality, which will need to be
regulated at basin level.

This is demonstrated in the Mekong River where, despite decades of cooperation, individual countries
are still making investment decisions (in this case, constructing dams for hydropower production) on a
national basis. This can be appropriate if such development is informed by basin-level investigations and
the information about investments is shared. Indeed, the major contribution of four decades of
cooperation on the Mekong would appear to be the development of a shared information base and a
better understanding of issues and interests between the partners.

The limited role for transnational basin organizations is highlighted in the South Africa case, where
international agreements have been signed between all basin states, but individual investment projects are
promoted by special purpose organizations which include only those countries that are directly involved.

Importantly, water resources management at the transnational scale is not limited to the sharing of water
within transboundary water basins. Transnational-scale management issues come into play when
countries import or export water resources; Singapore, for example, imports most of its water resources
from Malaysia, which has prompted the island nation to consider water as a strategic resource and a key
issue of foreign policy. Trade in ‘virtual water’ – the water used in the production of a good or service –
can also be considered as an aspect of water management at the transnational scale, and one that has
significant impacts both on global trade policy and on the use and management of water resources at
national levels, especially in water-scarce regions.

So at the transnational scale just as at the local level, water management cannot be organized according
to a formula. It must be guided by the specificities of each case, which are as complex and diverse at the
macro-scale as they are at the local level, and by the overarching principles of equity, environmental
sustainability and economic efficiency.
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13
Transboundary Cooperation in Action for Integrated
Water Resources Management and Development
in the Lower Mekong Basin
Hartmut Brühl and Michael Waters1

Millions of people in Southeast Asia are bound together by the Lower Mekong River. Given the importance of irrigated
agriculture and hydropower generation for national development, the cooperative management of this common resource is
a major development challenge for Laos, Cambodia, Viet Nam and Thailand. The Mekong River Commission and its
predecessor the Mekong Committee were created to address this challenge.
This case study describes the geographical and political context of the Lower Mekong Basin (LMB), provides details

of the governance arrangements for IWRM implementation across the basin, and describes the measures being used within
MRC to support decision-making within this IWRM framework.
As the Mekong experience shows, improving management and development of the water resources in a complex

transboundary setting requires significant consultation, stakeholder involvement and technical expertise. While some
problems require transnational solutions, others demand more local-level solutions and are best managed at national or
sub-national scales. But because these activities affect water balances, there need to be links between local-level institutions
and decision-making at larger scales. The challenge then is to define institutional arrangements that can coordinate between
actors and decision-makers operating at different scales – local, basin, national and transnational.
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Figure 13.1 Mekong River Basin showing country catchment areas as percentage ofMRB total area
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The development context and water
challenges

Physical andhydrological characteristics

The Mekong Basin has an area of 795,000 km2.
The upper basin section in China and Myanmar
makes up 24 per cent of this area and contributes
approximately 18 per cent of total flows (MRC,
2005a). The LMB includes the upland areas,
including the tributaries that drain the highlands of
Lao PDR, the Nam Mae Kok watershed in
Thailand and the Se Khon-Se San-Sre Pok (Three
S) watershed shared by Cambodia, Lao PDR and
Viet Nam. Together, these upland areas, which are
fertile, forested and have high rainfall, contribute
approximately 65 per cent of total flows.

The Songkram, Kam, Mun and Chi watersheds
form the major Thai portion of the basin. These
tributaries of theMekong drain theKhorat Plateau,
a flat, semi-arid area that contributes approximately
12 per cent of total flows (see Figure 13.1). This area
frequently experiences droughts during the dry
season.

Further downstream is the Cambodian
floodplain andTonle SapGreat Lake system.Here,
annual wet-season flooding causes the Tonle Sap
River to reverse its direction, filling the Great Lake
upstream from a dry season average depth of 1 m
to a wet season average depth of 9 m. The Great
Lake has a wet season storage volume of 60 to 70
billion m3, which is equivalent to approximately 12
per cent of the total annual flow volume in the
mainstream Mekong River, compared to a dry
season storage of less than 1.5 billionm3. As thewet
seasons ends, the water stored in the lake is slowly
released again through theTonle SapRiver and into
the Mekong. This flooding process underpins one
of the world’s most productive ecosystems. More
than 2.5 million people have adapted to living with
this annual flood–drought regime.

Finally, downstream of Phnom Penh, the
Mekong divides into a complex network of
distributaries as it enters and flows through the

55,000 km2 delta area in Viet Nam. This channel
network has been adapted for irrigation, navigation,
drainage and flood prevention. Around 85 per cent
of this area is used for agriculture,mostly paddy rice.
More than 50 per cent of Viet Nam’s national rice
production comes from the delta. The delta is
mostly tidal, so saline intrusions can become
significant in the dry season, leading many farmers
to adopt a rotating rice-harvesting, shrimp-raising
system.
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Box 13.1 Rotating rice and shrimp farming –
My Xuyen, Viet Nam

The MRC project to support a sustainable system
of rotating salt-water shrimp aquaculture and
irrigated rice farming in the Mekong Delta shows a
practical, small-scale example of IWRM in action.
This MRC-funded project – under the Research
Institute forAquacultureNo. 2 inHoChiMinhCity,
VietNam– commenced operating in theMyXuyen
District, Soc Trang Province of the Mekong Delta
inVietNam in 2003, and is documented fully by the
MRC (2006d).

The rotating system promotes economic
productivity by ensuring sustainable incomes based
on rice production, a relatively stable commodity,
while allowing more risky but lucrative shrimp
production during the dry season, when waters in
the coastal parts of the Mekong Delta are relatively
brackish and are therefore not suitable for rice
farming.

Small-scale IWRM is vital to the success of such
projects. This is seen most dramatically in that the
coordination of water movements at district level is
necessary to ensure favourable outcomes for all. For
example, if a farmerwants to pump salinewater into
his pond from the delta too early in the dry season
for shrimp production, this may cause salinization
of surrounding rice crops and consequent failure.
Similarly, clashes can occur if some farmers drain
polluted ponds at a timewhen other farmers wish to
fill their ponds.
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Overview of social issues

Many of the primary social issues in the LMB are
documented in the Social Atlas of the Lower Mekong
Basin (Hook,Novak and Johnston, 2003). Significant
issues within the basin identified in the Social Atlas
include the following:

• Approximately 60 million people live in the
LMB. Population density is highest in Phnom
Penh, then in theMekongDelta (VietNam) and
lowest in rural Cambodia and Lao PDR.
Approximately 80 per cent of the population
live in rural areas and rely heavily on natural
resources for their livelihoods.

• Poverty is a critical issue across the basin. The
proportion of the population living below the
poverty line exceeds 50 per cent in parts of each

country within the basin. The full details of
poverty distribution are quite complex. For
example, some remote areas in northern Lao
PDR have poverty rates above 50 per cent but
quite low population densities. By contrast, in
areas around the Tonle Sap Great Lake, in the
MekongDelta and central VietNamhighlands,
poverty rates are not as severe but population
densities are higher,meaning the overall number
of poor people in these areas may be the same
or higher than in the remote but less inhabited
areas of northern Lao PDR.

• There are serious development-related health
issues in parts of the basin.WithinLaoPDRand
Cambodia, infant mortality rates are as high as
12.5 per cent of live births (UNDP, 2002). Child
malnutrition and malaria issues are also quite
significant. HIV prevalence within the basin
ranges from 0.1 to 2.8 per cent, with the lowest
rates in Lao PDR and highest in Cambodia.

• Most of the population in Thailand and Viet
Nam have access to safe water and sanitation,
although some areas of the Mekong Delta are
problematic. Currently, rural populations in
Cambodia and Lao PDR have poor access to
water and sanitation.

• Unemployment rates within the basin tend to
be low because the generally rural-based
populations of the basin largely practise
subsistence farming, which accounts for almost
all available labour.

Approach to water resources management in
the Mekong Basin

Origin of the approach

In 1957, when the Committee for Coordination of
Investigations of the Lower Mekong Basin (the
Mekong Committee), under the guidance of the
United Nations’ Economic Commission for Asia
and the Far East (UN ECAFE, later ESCAP), was
established, the riparian countries Laos, Cambodia
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Farmers’ cooperative groups have now been
established that incorporate hatcheries and buy seed
from other areas. Cooperative members pay
monthlymembership fees to supportmonitoring of
water quality and use, a hatchery and seed buying,
and to build cash reserves to cover losses that may
occur if crop failures should occur. Long-term
sustainability means that farmers must carefully
consider their shrimp stocking rates. Stocking too
many shrimp causes shrimp faeces and uneaten feed
to build up in the ponds, which over timemeans crop
yields diminish. The favoured model is for one rice
crop and one shrimp harvest per year, since more
intensive systems appear to be unsustainable in the
long term.

The project includes a strong capacity building
element for farmers, since maintaining healthy
shrimp stock alternately with productive rice yields,
ensuring water quality is maintained and
considering the varying movements due to tide and
river flows of fresh and saline water are highly
technically challenging.
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and South Vietnam had been independent for only
a few years. Thiswas a time of great political tension
with Viet Nam divided and war imminent.
Economic development was low and all four
countries relied on the water resources of the
Mekong River as their lifeline.

Water was and is crucial for the development of
all four countries of the Lower Mekong Basin
(LMB) in many aspects, the single most important
use being irrigated agriculture followed by power
generation. In addition, due to bad or nonexistent
roads in many areas, water transport was and
continues to be crucial for marketing agricultural
products. Therefore, the idea behind the Mekong
Committee was to foster economic and social
development of the riparian countries through
coordinated development of what was thought of
as one of the world’s great ‘untamed rivers’, a
project that had clear political as well as social
objectives. Although based on the model of the
Tennessee Valley Authority (TVA), this project was
groundbreaking because it was the first attempt to
take on such encompassing responsibilities for
investigating, planning, financing, constructing and
managing projects on an international river and its
tributaries. The reality, however, turned out to be far
more modest; the new basin organization confined
itself to collecting data, investigating, studying and
planning projects, as well as assisting in fundraising.

Although the war in Viet Nam had ended,
conflict in the region continued through the 1970s,
principally in Cambodia, resulting first in an
interruption of the Mekong Committee sessions
and later, in 1977, in the formation of the ‘Interim
Mekong Committee’ composed of Lao PDR,
Thailand and Viet Nam.

ThenewMekongRiver Commission

After political stabilization in the early 1990s and
the re-admittance of Cambodia, the Mekong
Commission was transformed by the 1995
‘Agreement on the Cooperation for the Sustainable
Development of theMekongRiver Basin’, inwhich

the four LMB countries agreed to ‘cooperate in a
constructive and mutually beneficial manner for
sustainable development, utilization, conservation
and management of the Mekong River water and
related resources’. The Agreement established the
Mekong River Commission (MRC) and gave full
management responsibility for the Commission to
a Council of Ministers of member countries.

The full institutional framework for integrated
water resources management across the LMB is
complex. At LMB level, there are at least 25
international and regional conventions, treaties,
protocols and declarations that are relevant towater
and land management (MRC, 2005c). Current
trends suggest that, for much of the LMB, IWRM
will be implemented across the basin at three
levels:

• at sub-basin level, where community-centred
watershed management committees are being
developed;

• nationally, where administration, planning and
legislative responsibilities for water resources in
the countries are generally spread over a number
of differentministries in a sector-drivenmanner
that differs in each country; and

• at the basin-wide level as described in this case
study.

Thus far, the experience of the MRC and its
predecessor organization suggests that
implementation of IWRM on the ground will be
gradual in the member countries, because
important changes in mindset are required.

Besides MRC, at least 40 organizations within
the basin, regionally and internationally, have roles
to play in IWRM in the LMB. These include
organizations such as UNEP, UNDP, UN-ESCAP
and FAO, non-government organizations (NGOs)
such as IUCNandWWF, andUniversities. Strategic
partnerships with other regional initiatives are
vitally important to IWRM implementation in the
Mekong, particularly the Association of South East
Asian Nations (ASEAN), the Asia Development
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Bank’s Greater Mekong Subregion Economic
Cooperation Programme, and the World Bank-
ADB Mekong Water Resources Assistance
Programme (MWRAP).

Relatedwater resources issues for theMekong

Particularwater resources sectors that are important
for the LMB are fisheries, flood management,
navigation, agriculture/irrigation, hydropower and
the environment.

Fisheries
The aquatic ecology of the LMB supports the most
abundant inland freshwater flora and fauna in the
world after theAmazon. In theLMB, over 1,200 fish
species are recorded and an estimated 2 million
tonnes of fish and other aquatic animals are
consumed annually (MRC, 2005b). Many rural
communities are heavily dependent on fisheries for
their livelihoods and basic subsistence – making
fishing critical to food security in the LMB. The
annual total value of the Mekong fisheries is
estimated at approximately US$1.4 billion.

A good example of the historical
interconnectedness between social, economic and
environmental benefits that the water resources of
the Mekong give to the people of the region is the
dai fisheries of the Tonle Sap River in Cambodia.
Falling water levels in the dry season trigger the
migration of large numbers of fish of the
Henicorhynchus genus, known in theKhmer language
as try riel, from the Tonle Sap Great Lake through
the Tonle Sap River, to the Mekong mainstream.
This migration causes the ‘dai’ fishing nets of
Cambodia to swell. This catch alone supplies
approximately 10,000–20,000 tonnes of fish, a vital
food resource to the people of Cambodia worth up
to US$ 6.2 million annually (Halls, Sopha and
Pengby, 2007).

Tonle Sap River dai catch values are an
important indicator of the ecological health of the
Tonle SapGreat Lake,which is a particularly critical
water resource for the Mekong. High catch values

are a good sign that economic, social and
environmental benefits can be sustained in theTonle
Sap Great Lake, and the Mekong more widely.

Flood management
The yearly floods in the Lower Mekong Basin
(LMB) bring great benefits. They are linked to
important catches of fish; they flush pollutants
away; they refill the wetlands that provide shelter,
food and nurseries to the region’s wide variety of
birds, mammals, reptiles, amphibians, fish and
invertebrates. The annual high and low flows of the
river support traditional flood recession agriculture
and deposit sediments that provide silt and clay for
brick-making, and sand and gravel for traditional
construction materials.

However, flooding can on occasion bring great
hardship. When 500 km3 of water flowed down the
river between 1 June and 30 November 2000, the
most severe floods in the Mekong in more than 70
years resulted. This amount of water, large enough
to flood an area equivalent in size of India to a depth
of more than 0.15 m, caused flooding across 22 of
the 24 provinces inCambodia, with over 3.4million
people affected and almost 400,000 evacuated
from their homes (MRC, 2001). In Lao PDR
approximately 400,000 people were seriously
affected, in Thailand 2.8million and inViet Nam5
million. Across the whole LMB there was a death
toll of over 800 people (mostly children) and almost
US$500 million of damage. With climate change
expected to aggravate such extreme events and
the populations of vulnerable areas growing, the
natural cycle can impose huge social and economic
costs.

Because the flooding has both positive and
negative effects for the population and, more
generally, because of the wide range of issues in the
LMB – including initiatives that will inevitably
damp the flood cycles, such as expanding irrigation
and hydropower generation – an integrated
approach to water resources management and
development is highly necessary.
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Navigation
TheMekongRiver is navigable in two sections. The
lower section reaches from the Mekong mouth in
Viet Nam to Cambodia (including the Tonle Sap
Lake) below the Khone Falls. This stretch supports
relatively large vessels of up to 5,000 deadweight
tonnes (DWT) as far as Phnom Penh (Geerinck et
al, 2004). During the dry season, the upper section,
which stretches fromKhone Falls thoughLaoPDR,
Thailand and Myanmar to Jing Hong in China,
can support only 15 DWT along some parts of the
river.

Agriculture
Over 40 per cent of the land area of the LMB is
used for agriculture, particularly rice farming,which
overwhelmingly dominates livelihood patterns of
the people living there. Irrigated agriculture
accounts for approximately 42 km3 of withdrawals
from the mainstream and tributaries. These
withdrawals account for 9 per cent of the total flow
in the river,making agriculture the largest water use
sector in the LMB (Young, 2005). About 26 km3 of
this withdrawal takes place in the Mekong Delta in
Viet Nam.

Hydropower
Hydropower is themajor natural resource available
for power production in the LMB. While the
renewable nature of hydropower is a particular
advantage, environmental and social impacts
cannot be ignored. Across Lao PDR, Cambodia
and Viet Nam, over 60 sites on the tributaries and
mainstreamof theMekong have been identified for
potential hydropower developments. These sites
have a total potential capacity of 30,000 MW. Of
this 13,000 MW are on the mainstream, 13,000
MW in Lao tributaries, 2,200 MW in Cambodian
tributaries, and 2,000MWonVietNam tributaries.
Thailand does not propose to develop any further
hydropower schemes in the LMB; however,
Thailand is generally considered supportive of
hydropower development in the basin as a power
consumer.

To date, 12 medium to large projects (over 10
MW) representing about 7 per cent of the potential
in theLMBhave been built. These investments have
significant indirect and direct economic value to the
countries; for example, most of Lao PDR’s foreign
currency comes from the export of hydroenergy. In
spite of all its advantages, hydropower development
in the basin also has its constraints and is debated
on grounds that are social, environmental and to a
lesser extent economic. Therefore, it is difficult to
foresee how much of the potential hydropower
capacity will eventually be developed.

Environment
Many different ecosystem types and individual
species are present in the Lower Mekong Basin,
including aquatic ecosystem types and biota that are
internationally unique. Numerous conservation
areas have been declared, including many sites
recognized internationally through listing as
World Heritage sites or wetlands of international
importance under the Ramsar convention.

Linkages between environmental issues and
social development issues are extremely close in the
LMB as many communities, particularly the rural
poor, are heavily dependent for their livelihoods on
the rich natural resources of theMekongRiver and
its tributaries, including some of the most
environmentally significant areas in the basin.
Consequently, addressing social and economic
development in the LMB generally also means
addressing environmental conservation in a
forthright manner.

Water quality in the LMB is comparable to that
of other major river systems internationally, in that
the chemical composition measured at Kratie in
Cambodia (upstream of the Cambodian
Floodplain) is very close to the mean of
compositions for world rivers (Wetzel, 1983). At a
basin-wide level there is little direct evidence of
declining water quality (Hien, 2003). Nevertheless,
the potential for water-quality degradation in the
future points to the need for close attention to
monitoring and assessment of water quality so that
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informed decisions can be made on this and other
environmental issues.

Enabling instruments

TheMekongAgreement

In order to deal with water resources issues such as
those described above in an effective way, an
integrated approach to water resources
management at national and/or basin level is widely
recognized as desirable. The approach to
transboundary management of water and related
resources that has been adopted by the LMB
countries is defined by the Mekong Agreement.

Water resources cooperation in the Mekong
Basin commenced in 1957 under the guidance and
support of the United Nations (UN). Through
enormous political challenges, this cooperation
continued underUNpatronage until 1995when the
Governments of Cambodia, Lao PDR, Thailand
and Viet Nam signed the ‘Agreement on the
Cooperation for the Sustainable Development of
theMekongRiver Basin’ (theMekongAgreement).
Although the upper basin countries, China and
Myanmar, are not signatories to the Mekong
Agreement, they are recognized as ‘dialogue
partners’. The Mekong Agreement has a provision
for them to become fullmembers in the future at the
time of their choosing.

The Mekong Agreement confirms the LMB
countries agree to cooperate for ‘the management
of water and related resources of theMekongRiver
Basin’ (MRC, 1995), through the Mekong River
Commission (MRC). As such, MRC’s focus is the
sustainable management and development of the
Mekong Basin’s water resources for socially
appropriate economic development, while seeking
to protect the unique environmental features of the
basin.

‘In order to promote a positive harmonious,
conflict free approach to water resources
cooperation’, the Mekong Agreement places its

emphasis on cooperation and agreeing on common
interests, while aspects of enforcement are
deliberately de-emphasized. Equally, it is not in the
regional tradition to address controversial issues
openly, let alone conflicts of interest. On the one
hand, this tradition has slowed progress; on the
other hand, it may be the main reason a Lower
MekongBasin organization hasmanaged to survive
for half a century.

The Mekong Agreement clearly expresses an
intention to drive forward economic development
in balance with social equity and environmental
protection. This reinforces another tenet of the
Agreement: that economic development must
proceed to ensure social development, equity and
poverty reduction, while maintaining important
environmental values.

According to official protocols, as well as in a
pragmatic sense, planning and decision-making for
basin-wide water resources issues in the LMB is a
shared responsibility: the Joint Committee and
MRC Secretariat (MRCS) play their roles as
mandated by the 1995 Mekong Agreement for
basin-wide data acquisition and planning; the
NationalMekongCommittees (NMC) play the role
of country coordination, a role that is not specified
under the 1995 Mekong Agreement; and, finally,
the national government line agencies are generally
responsible for implementation, since the Mekong
Agreement is explicitly a cooperative agreement on
the basis of sovereign and territorial integrity
(MRC, 1995).

TheBasinDevelopmentPlan (BDP)

TheBasinDevelopment Plan (BDP) is the principal
integrating tool for the LMBat a regional level. The
BDP enables analyses of scenarios and the
identification/prioritizing of projects for both
infrastructural and non-structural developments.
From 2001 to 2006, under the supervision of the
Joint Committee, the MRCS led a participatory
process for developing the BDP with the National
Mekong Committees coordinating stakeholder
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involvement in each country. The process wasmade
up of the following steps (MRC, 2006b):

• comprehensive studies and analyses of water
allocation opportunities and needs at sub-area
and regional levels;

• scenario analyses of development
opportunities, options and constraints at a
whole-basin level;

• formulating regional development strategies
that fit into scenario analyses and address sub-
area and regional opportunities and needs;

• identification of development projects that fall
under the regional development strategies;

• establishing a database of identified projects;
and

• screening identified projects in order to prepare
a list of priority projects.

The approach to IWRM under the BDP is
explained in more detail in the section on pages
199–200.

The basin-wide governance approach – water
utilization procedures

Article 26 of the Mekong Agreement defines how
(and what) rules and procedures the countries may
agree on for water utilization in a basin-wide
context. These agreements are generally recognized
as critical to ensuring that integrated management
and development is practised effectively in the basin
(Chenoweth et al, 2001). Procedures developed to
date cover:

• Data Information Exchange and Sharing
(agreed in 2001) – specifies the steps the four
countries and theMRCSecretariat (MRCS) are
willing to take to operationalize data and
information exchange, to make basic data and
information available for public access, and to
promote understanding and cooperation among
the countries for sustainable development.

• Water Use Monitoring (agreed in 2003) –
specifies the steps the countries are willing to
take in monitoring water uses and intra-basin
transfers.

• Notification, PriorConsultation andAgreement
(agreed in 2003) – specifies the steps the
countries arewilling to take to share information
on intra- and inter-basin diversions on
tributaries and the mainstream of the river.

• Maintenance of Flows in the Mainstream
(agreed in 2006) – specifies the steps the
countries are willing to take to ensure that
acceptable minimum monthly flows are
maintained, that the natural reversal of the
Tonle Sap takes place, and to prevent average
daily peak flows from exceeding what occurs
naturally.

• Maintenance of WaterQuality (currently under
consultation) – specifies the steps the countries
are willing to take to ensure the quality of water
in the LMB is suitable for beneficial use.

The development of these procedures and
associated guidelines has involved a number of
technical challenges, which have also led to the
initiation of a Decision Support Framework (DSF)
and an Integrated Basin Flow Management
(IBFM).

Addressing the three Es

As for any river basin, it is critical for water
management in the LMB to address economic,
social and environmental implications of
developments and to determine integrated solutions
for sustainable development of the river’s water and
related resources (MRC, 2006a).

Particularly important in this regard is the
development of tools for holistically evaluating
triple bottom-line effects of possible development
scenarios. In the LMB, the development of such
tools is currently under way through the Integrated
Basin Flow Management (IBFM) project. IBFM is
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being implemented under the BDP to assess the
ways in which basin development scenarios could
cause changes in flows of the river and the
economic, environmental and socio-economic
changes that would result.

The intention is to enable decision-makers,
planners and managers from the LMB countries to
assess water resource development scenarios from a
sustainability perspective. The IBFM approach
borrows significantly from international best
practice in Environmental FlowsMethodology, but
additionally includes economic and social analyses
of scenarios for basin development in order to
address sustainablewater resources allocations in an
integrated way.

As such the IBFM includes:

• assessment of the macroeconomic impacts of
scenarios;

• use of MRC’s hydrologic models (known as the
Decision Support Framework, DSF) to
determine flow changes due to scenarios; and

• evaluation of socioeconomic and environmental
impacts of these flow changes.

While tools for assessing macroeconomics and
hydrology are readily available, determining the
socioeconomic and environmental impacts of flow
changes is a particular challenge, since it involves
determining the relationships between awhole host
of parameters. This model is still being developed
in the form of the ‘Mekong Method for Flow
Assessment’.

However, it has to be borne in mind that model
results are only as good as the inputs and the
algorithms and can only serve as additional
informationwithin the decision process. Experience
in theMekongBasin, as in other basins, suggests that
eventually decisionswill not be based onmodels, but
on consultations and negotiations between actors,
which, at best, may be informed by data from the
models.

What is integrated and how?

The current vision of transboundary IWRM
implementation across the LMB is described by
MRC (2006a), whereby an IWRM approach at a
transboundary/basin-wide level is to be taken,
promoting and supporting the uptake of IWRM
principles within the member states by:

• promoting sustainable and coordinated
development;

• providing a regional cooperation framework;
• knowledge management and capacity

development; and
• environmental management through

monitoring and protection.

Aspects of integration that are particularly
important are an integrated approach to planning
of water resources management and development
for the basin, and the monitoring and analysis of
impacts.

Integratedplanningunder theBasin
DevelopmentPlan

BDP implementation during Phase 1 particularly
sought a high level of participation and ownership
by stakeholders.Within the governments of the four
countries, more than 200 line agencies across the
four countries have been involved in the BDP
process and consultations at national and provincial
level (MRC, 2006c).

The comprehensive studies that have been
conductedunder theBDPhave confirmedanumber
of issues that will need to be addressed as priorities
in the future. These include (MRC, 2006c):

• economic development for poverty alleviation;
• social development and equity to ensure fair

allocation of water resources and services
across different economic and social groups:
reduce conflict, promote socially sustainable
development;
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• regional cooperation to integrate and
coordinate water resources development and
management between countries: optimize
benefits from joint resources, minimize risk of
water-related conflicts;

• governance to ensure open transparent and
accountable institutions and regulatory
frameworks at all levels;

• protection of the environmental, natural
resources, aquatic life and conditions and
ecological balance fromharmful developments;
and

• the prevention, mitigation and minimizing of
suffering and economic loss due to climate
variability.

To implement the BDP under Phase 2, which
commenced in 2007, these issues will need to be
addressed in a practical manner. The MRC
Strategic Plan 2006–2010 (MRC, 2006a) proposes
that the BDP establish an IWRM Rolling Plan to
identify, categorize and prioritize projects ranging
from local to basin-wide scales in order to deliver
practical sustainable benefits to the people of the
LMB.

Data collection,monitoringandanalytical tools

Data, information and knowledge are indispensable
to ensure that water resources management and
development are planned and coordinated on the
basis of environmentally, socially and economically
sound principles. Such data collection contributes
first in establishing baseline conditions for the
present case and second inmonitoring changes that
take place over time in order to evaluate effects of
developments and impacts.

Rainfall, water-level readings and discharge
estimates across much of the basin are available
from the early 20th century onwards, although
understandably gaps occur in several places due to
civil conflicts and other reasons. Provisions to
improve the timeliness of hydrological data
reporting are particularly important for flood

management and mitigation to allow emergency
warnings that are clear, timely and accurate.

With these considerations, basin-wide Water
QualityMonitoring (WQM)has been ongoing since
1985, initially under the interim Mekong
Committee, prior to the 1995Agreement, and then
under MRC since that time. Over that period
approximately 90 stations, 55 primary and 35
secondary, throughout the basin have been
monitored for a suite of 22 physical and chemical
water quality parameters.2

Recent developments inwater qualitymonitoring
include the establishment of a biomonitoring
programme (Davison et al, 2006) and consideration
for the development of broadWaterQuality Indices
(WQIs). The WQIs integrate across physico-
chemical parameters to lookat the impacts of human
activities on water quality and to consider the
suitability of water for aquatic life and agricultural
use.BothbiomonitoringandWQIassessments verify
that water quality at a basin-wide scale is generally
good (Davison et al, 2006; MRC, 2006).

Other data holdings that are significant to
effective IWRM implementation include:

• administration – district and provincial
boundaries;

• transportation in terms of river ports and road
networks within the LMB;

• cultural data on the distribution of ethnic groups
throughout the basin;

• climatic data, particularly rainfall;
• hydrological data including water levels,

discharge estimates;
• inundation areas on flood plains for wet-season

periods;
• protected areas and Ramsar listed sites in the

basin;
• topography – a digital elevation model of the

basin and bathymetry of the river; and
• remotely sensed/satellite images from third

parties such as LANDSAT, MODIS, SPOT,
IKONOS, ASTER, RADARSAT, JERS SAR,
ENVISAT ASAR and the Space Shuttle.
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A suite of analytical tools have been developed
under the MRC and the Integrated Basin Flow
Management (IBFM) project, including the
Decision Support Framework (DSF), which includes
visualization tools that allowmodelling results to be
interpreted and presented graphically, and the
Mekong Method for Flow Assessment, still in the
development stage, which will allow better
prediction of socioeconomic and environmental
impacts of flow changes due to potential human
interventions or to externally imposed changes such
as Climate Change (MRC, 2005a).

The flow response relationships are held in a
database known as the IBFM interactive predictive
tool. These relationships can become very complex
as changes in some environmental and
socioeconomic benefits and impacts may also lead
to changes in other parameters. Across the six
hydrological zones and four bio-hydrological
seasons of the basin, the number of parameters is
very large. Many of the relationships are currently
imperfectly knowndue to a lack of data, so research
is currently under way to fill in these gaps.

Outcomes and impacts

A snapshot of some recent outcomes is given in
Table 13.1, which demonstrates significant
achievements in data acquisition, planning and
capacity development. Activities in these areas
encompass overall governance, economic,
environmental and social fields, across a variety of
sectors. They are unavoidably largely sectoral in
their character and need to be utilized in common
and over different scales in order to be really
‘integrated’.

Compared tomany other river basins in this area
and elsewhere the data availability in terms of
quantity, quality and time series is remarkably good
– surely an important achievement.

Remaining challenges

However, as said before, country coordination and
project implementation remain the jurisdiction of
the national governments and their line agencies.
And under the present set of agreements, countries
cannot be forced to present intended projects
contained within their territory to the MRC for
approval, even if they are likely to have impacts on
water availability or quality in neighbouring
countries.

The difficulties can be seen in the approach to
dam projects since 2007 in Cambodia, Laos and
Viet Nam, where, at present, the MRC, as well as
regional and international institutions such as the
ADB and the World Bank, are being bypassed and
replaced by bilateral agreements. This shows that
all the goodwill for sectoral integration and regional
cooperation that has been expressed in drafting
conventions still needs to be made effective for real
policy. It is hoped that the resilience shown by the
MRC and its predecessors will in the end prevail,
and that the countries will plan and implement their
new schemes following the rules and recommended
procedures of the agreed Basin Development Plan,
which may become a litmus test for the MRC.

It will be up to the MRC to demonstrate to the
national governments the benefits that can be
derived from joint and integrated development of
the basin and its resources. The free and un-
manipulated access to data and information across
levels and scales (Lebel et al, 2005) by all
stakeholders is a precondition for any true
reconciliation of interests – and the MRC should
play a key role in that respect. The increasing
interconnectedness of the economies of the
Mekong region suggests that new opportunities for
cooperation in development of water and related
resources may be created, despite the huge
differences in political systems and rates of
economic growth.
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Table 13.1 Recent achievements in the Mekong Basin

Basin development Development of routines for identification, scoping and screening of projects;
planning Promotion and facilitation of priority projects and programmes; and

Reports for basin-wide IWRM implementation including: State of the Basin Report,
MRC Social Atlas, MRC People and Environment Atlas, BDP Planning Atlas.

Fisheries Strengthening community fisheries and fisheries co-management;
Addressing gender issues in fisheries management;
Improved protection and conservation measures for endangered species;
Improved understanding of fish migration and triggers;
Successes in aquaculture of indigenous species: domestication and artificial
reproduction; and
Capture fisheries assessments.

Hydrology and flood MRC Report: ‘An Overview of the Hydrology of the Mekong’;
management Establishment of the MRC Regional Flood Management Centre in Phnom Penh; and

Annual Flood Monitoring Reporting from 2005 onwards.
Navigation Navigation strategy for the LMB;

Legal study for the development and implementation of Freedom of Navigation on the
Mekong River prepared, including new Draft Protocol between Cambodia and Viet
Nam;
Management Information System (MIS) for the Port of Phnom Penh, Phase 1; and
Launching of a 24-hour navigation aid system for the Mekong from the Viet Nam
border to Phnom Penh in Cambodia.

Environment Habitat mapping and valuation of significant wetlands across the LMB;
A functional water-quality monitoring network now containing over 20 years of data;
and
Establishment of an Ecological Health Monitoring Network.

Capacity building Fisheries co-management training for around 120 mid- to senior-level management
staff and more than 500 users from community groups. Participation of 1,600
government staff and about 4,000 users in management of river and reservoir training
activities;
Regular training workshops in watershed management;
Training on MRC’s hydrometeorological data;
Short courses on Transboundary Ecological Risk Assessments;
Workshops on basin-wide water quality monitoring and data analysis; and
Technical workshops on satellite rainfall estimation, radio and internet use in flood
forecasting and flood management.

Governance – Through the water utilization programme at MRC, the four LMB countries have
procedural agreed on procedures for data information exchange and sharing, water use

monitoring, notification, prior consultation and agreement, and maintenance of flows
in the mainstream, with procedures for maintenance of water quality currently under
consultation.
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Lessons learned

From the establishment of the 1995 Mekong
Agreement, management of water resources has
developed under a consensus-based IWRM
framework across the four countries of the Lower
Mekong Basin (LMB).

The experiences in the LMB under the Mekong
Agreement show that it is possible to foster
sustainablemanagement and development of water
resources under a consensus-based IWRM
framework in a complex transboundary setting. A
combination of significant consultation, stakeholder
involvement, high levels of technical expertise and
application have been required tomake this a reality.

However, it also shows how difficult it is to go
from principles that have been jointly accepted to
real actions when there are massive national and
economic interests at stake. It also highlights the
need for clear demarcation of responsibilities so that
IWRM approaches are not limited to data
collection, but are integral to planning and project
implementation even if that is mainly done under
national competence. Finally it shows that regional
IWRM never comes easily by itself but needs to
continuously be fought for, even in an institution
with a tradition of half a century.

Notes

1. Michael Waters served as Senior Environment
Specialist at the Mekong River Commission
Secretariat from June 2006 to December 2007.

2. Sites in Cambodia only came into the programme
from 1993, with 21 stations being monitored.
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14
Conclusions: Lessons Learned and Final Reflections

Roberto Lenton and Mike Muller

The previous 12 chapters have described a broad array of circumstances in which water is managed by different communities
with different objectives and at different scales. This chapter seeks to draw some common lessons from this diverse experience and
to use them to contextualize some of the current debates about what constitutes better water management. The chapter also offers
some final reflections on the IWRMapproach itself, looking both backwards at the evolution of the concept and forwards towards
the challenges that lie ahead, in particular the complexities of applying the approach in practice amid the ongoing challenges of
participation and adaptation.
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Drawing lessons fromdiverse experience

From the 160 farming families of AngasBremer and
the villagers of Sukhomajri to the teeming
populations of the Lerma–Chapala and Mekong
River basins, one critical message comes through
from the cases that have been described: effectively
managing water requires sustained collective effort
and engagement if it is to be successful.
However, successful outcomes are not necessarily

thosewhere there is general consensus or everyone’s
needs are met. The current acrimonious dispute
between conservationists and other water users on
the USA’s Snake River about whether and how to
reverse the decline of the local salmon population
is a good example and suggests that a structured
standoff may also be a successful outcome.The legal
framework that facilitates engagement between
widely different positions (that would either remove
dams or keep generating hydropower), and offers an
independent determination of a balance between
them, is in itself an important achievement. So
better water management also needs robust,
competent and trusted institutions.
Given more time, the parties may reach a more

definitive outcome, as occurred in Japan, where
bitter conflicts over the management of Lake Biwa
have been resolved and an apparently acceptable
equilibrium achieved between water supply to
downstream users, the industrial and agricultural
activities (and their pollution) of upstream users,
local tourism and environmental protection.
Often, however, neither the conflicts of interest

nor the nature of a successful outcome are as well
defined or as clearly related to water management
as they proved to be in the Lake Biwa case. Indeed,
as described in the introductory chapter, the
outcomes of better water management are often
found outside the water sector. So in Mali, the
success of watermanagement in theOffice duNiger
irrigation scheme is measured by the fact that farm
incomes and other livelihoods have improved as a
result of a series of institutional reforms, some of
which related towater only peripherally. Thatwater

is now better managed and more efficiently used
with greater social benefit is a welcome by-product,
but was not seen locally as the primary goal.
In countries such as Chile and South Africa, the

outcomes of water reforms remain controversial.
There are concerns that toomanybenefitsmayhave
flowed to particular sector interests (hydropower
generators in Chile) or reached too few in others
(subsistence farmers in SouthAfrica). In the absence
of a clearmethodology supported bymore detailed
information, it remains difficult to determine
whether the adoption of IWRM approaches has
contributed to environmental sustainability or
whether it has helped or undermined the resilience
of livelihoods in the communities concerned.
In some cases, such as that of the Yangtze in

China, however, the benefits of massive
infrastructure investment for flood control can be
determined with some certainty and can be
measured against the social costs, which in that case
included massive relocation of people; while the
benefits of generating renewable energy from
hydropower are visible at a global scale through
their contribution to reducing carbon dioxide
emissions. This highlights the fact that one outcome
of good water management, whether in the
lowlands of Bangladesh or around Japan’s Lake
Biwa, may simply be that social and economic life
is not disrupted as often as it might otherwise have
been by droughts and floods; in the case of Japan,
the number of days of inundation or of water
restrictions has been recorded for decades.
More difficult to assess are those cases where

better water management involves tradeoffs
between different social objectives. Whether in the
SnakeRiver Basin in the affluentUSAor the rapidly
growing economies of theMekongBasin, decisions
made about the balance sought between livelihoods,
energy production and environmental protection
should reflect local priorities, which are inherently
subjective. All that can be determined in such cases
is whether the balance between interests appears to
be reasonable. One measure of this, as in the
management of groundwater in Denmark, is that
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both the water users and those whowere impacting
the quality of the resource are willing to pay the
additional costs of protecting it.
But an important message is that integrated

water resources management is not always a zero
sum game. While, often, the challenge is to achieve
a balance of interests and tradeoffs between them,
the approach also offers opportunities to identify
and support win–win synergies. This happened in
India, where the incomes of Sukhomajri villagers
rose even as water quality improved for their
downstream neighbours; in Bangladesh, where the
restoration of wetland ecosystems has had a positive
impact on the communities dependent on them; in
South Africa, where mining companies helped
municipalities to pay the cost of treating the
community’s wastewater so that they could use it for
their extractive processes; and it has also happened
in the Lerma–Chapala Basin in Mexico, where
effective control of water use enabled the
environment to be protected even as local
communities and their economies grew.
So, very importantly, there is not necessarily a

contradiction between environment and
development. In many of the cases presented,
engagement in better water management has both
improved the environment and brought social and
economic benefits.
The processes described have occurred over

many years – often reflecting but sometimes also
leading societies’ priorities. This is because the
priorities for water management will often change,
reflecting the political priorities of the times. So the
Mekong River Commission’s relatively limited
impact can be understood in terms of the contested
politics of the region over the past 50 years.
Meanwhile, in South Africa, many of the water
reforms were the result of majority interests finally
holding sway over those of the formerly dominant
minority. And, in China, developments of
hydropower, transport, agriculture and water
transfer all served vital strategic elements of national
development policy. In so doing, however, they have
raised questions about environmental protection

and social justice that have, in turn, contributed to
significant changes in national policies.
So, in the policy sense, water may also be a lead

sector, pioneering new issues and new approaches
to governance as development challenges become
more complex. Precisely because it is a complex
domain to govern and manage, resistant to the
simplistic administrative divisions that serve in other
areas of human activity, the water resource sector
does offer different models of governance that may
be adopted elsewhere.

Distilling the keymessages

By analysing the common threads that ran through
many of our case studies, we have been able to distil
five principal messages in each of four key
categories: the objectives and outcomes of good
water management; what good water resources
management entails; how themanagement of water
differs at different scales; and the nature of the
IWRM approach itself.
Our five principalmessages on the objectives and

outcomes of good water management are:

1 Societies will use their own practices of
governance to determine the appropriate
balance between social, economic and
environmental goals, which will change over
time.

2 An important outcome of good water
management is often that social and economic
life is more secure than it would otherwise have
been.

3 The most important determinants, as well as
outcomes, of better water management will
usually be found outside the water sector.

4 ‘Optimizing’ economic growth, social equity
and environmental sustainability implies that
there will be compromises and tradeoffs, and
that there are no unique ‘best’ solutions.

5 There is not necessarily a contradiction
between the protection of the environment
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and promotion of economic and social
development.

Likewise, our five key messages on what good
water resources management entails are:

1 Managing water effectively requires the
sustained collective effort and engagement of
women and men in all sectors of society if it is
to be successful in achieving the society’s goals.

2 Good water management needs robust,
competent and trusted institutions, as well as
economically, socially and environmentally
sound investments in infrastructure.

3 Policy reforms and their implementation will
only succeed if underpinned by a sound
technical foundation.

4 Pragmatic, sensibly sequenced institutional
approaches that respond to contextual realities
have the greatest chance of working in practice.

5 Advances in water resources management can
help in pioneering approaches to governance
that can be applied in other sectors that face
complex development challenges.

Our examination of how the management of
water differs at different scales yields the following
five messages:

1 Better management of water at a local level
often needs the support of a sound policy
framework at regional and national levels.

2 In large river basins, effective governance from
local to basin levels is a major challenge,
requiring functions to be placed at appropriate
levels.

3 While a basin perspective is vital in many
contexts, it must be supplemented by
overarching national policies if water
management is to be effective.

4 Transnational governance is a special case
requiring specific approaches.

5 Water resources planning and management
must be linked to a country’s overall sustainable

development strategy and public administration
framework.

And finally, we offer the following five
conclusions on the nature of the IWRM approach
itself:

1 There is no ‘magic bullet’ for all situations.
IWRM is an approach rather than a method or
a prescription.

2 Although it usually involves tradeoffs, integrated
water resourcesmanagement need not be a zero
sum game, and ‘win–win’ outcomes can often
be found.

3 Successful IWRM efforts adopt an integrated
approach in order to address specific
development problems; they never have an
integrated approach as their principal objective.

4 The IWRM concept reflects good practice
rather than radical new directions; in fact, there
are many excellent examples of IWRM in
practice that pre-date the formal adoption of the
concept in 1992.

5 The process of water management does not
have an end point and will continually have to
respond to new challenges and opportunities.

Using these conclusions as a starting point, we
offer some further reflections on the IWRM
approach and its application in practice in the
sections that follow.

Evolution of the integratedwater resources
management approach

Oneof the features of almost all the cases presented
is that they were not considered to be explicit
applications of the integrated water resources
management approach. Most of them indeed
beganbefore the conceptwas formalized (as in India
and Chile, Japan, Mexico and China), while in
others it may have beenmentioned in passing (as in
South Africa and Australia), but the actions
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described were not initiated as formal attempts to
introduce IWRMandwere not explicitly guided by
the concept.
Yet, in all the cases described, in responding to

the very different challenges faced at the different
scales, a very similar basic approach was applied,
which recognized:

• the unitary nature of the water resource;
• the physical interventions that could be adopted
to manage it;

• the limits to those physical interventions; and
• the need for an institutional framework that:
• brought stakeholders together in an
equitablemanner that gave voice to theweak
as well as to the powerful;

• sought to achieve a balance of interests
between them and, within this, recognized
the value and importance of the waters
concerned;

• identified the environmental dimension of
water management either explicitly as a
separate ‘use’ or as a desirable outcome; and

• developed organizations able to promote the
overall approach.

It is important to note this because IWRM has
been attacked as an unrealistic approach. The
authorswould agree that, if IWRMis seen as a fixed
prescription, requiring the deployment of all the
tools that are available in its armoury, it is not
particularly helpful, if only because of the confusion
that would ensue. Likewise, where there has been a
focus on individual tools, success has also been
limited. The textbook tradable water rights
introduced in Pinochet’s Chile may have achieved
greater efficiency and productivity through
reallocation between economic sectors, but it failed
to address key social and environmental concerns
and had to be substantially revised. Similarly, the
establishment of river basin organizations, often
taken as a doctrinaire first step, has played only a
subsidiary role in improving water management in
many countries (e.g. SouthAfrica andChile) and no

role at all in others (Denmark and Japan). Applying
context-appropriate instruments in an appropriate
sequence is certainly more important than any
particular instrument in itself.
The point is that IWRM is not a prescription.

Rather, it is an approach that offers a framework
withinwhich the problems of different communities
and nations can be addressed.
That is not necessarily how the critics see it

however, as a brief review reveals.
Watson, Walker and Medd (2007), writing in a

special issue of The Geographical Journal devoted to
what the journal describes as Integrated Water
Management (IWM), note that there is ‘very little
agreement regardingwhat IWMmeans in practice’,
and that ‘it is not altogether clear at the present time
precisely what kinds of competencies, in the form
of institutional and policy approaches, are required
in order to successfully implement IWM in the
“messy” and “turbulent” conditions that are
increasingly evident in river basin systems around
the world’.
A stronger challengehas come fromBiswas (2004:

248), who notes that ‘while at a first glance, the
concept of IWRMlooks attractive, a deeper analysis
brings out many problems, both in concept and
implementation, especially formeso- tomacro-scale
projects’, arguing that this concept has ‘a dubious
record in terms of its implementation, which has
never been objectively, comprehensively, and
critically assessed’. Biswas andTortajada (2004: 249)
examine the broader issue of the implementation of
the sustainable development concept, and its
potential application to make water management
more efficient and equitable than at present. They
raise questions about whether ‘a single paradigm of
sustainable water resources management can
encompass all countries of a very heterogeneous
world, with very different cultures, social norms,
climatic conditions, physical attributes,management
and technical capacities, institutional and legal
frameworks, and systems of governance’.
More recently, an article by Biswas (2008),

entitled ‘IntegratedWaterResourcesManagement:
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Is It Working?’, argues that the results of IWRM
application:

in a realworld to improvewaterpolicy, programmeand
projects atmacro- andmeso-scales have leftmuch tobe
desired. At a scale of 1 to 100 (1 being no integrated
water resources management and 100 being full
integration), any objective analyst will be hard-pressed
to give a score of 30 to any one activity anywhere in the
world in terms of its application.

In a response to one of these articles, Dukhovny
(2004) notes that some of the criticism of IWRM is
not a criticism of the IWRM concept itself, but
rather of ‘the flexible use of terminology as a
general slogan, which is used very often because it
is fashionable’. And, in some respects, it does appear
that the diagnosis of failure is based on the
examination of a straw man. Critically, the
integration that Biswas finds missing is not that
originally outlined at the Earth Summit in Rio de
Janeiro in 1992, which recommended simply that:

18.16.Water resources development andmanagement
should beplanned in an integratedmanner, taking into
account long-termplanning needs aswell as thosewith
narrower horizons, that is to say, they should
incorporate environmental, economic and social
considerations based on the principle of sustainability;
include the requirements of all users as well as those
relating to the prevention and mitigation of water-
related hazards; and constitute an integral part of the
socioeconomic development planning process.

A reading of the entire Chapter 18 of Agenda
21,which addresseswater issues, reveals that the key
elements identified for integration are relatively
straightforward. They include:

• the components of the resource (principally
surface and groundwater);

• the quantity and quality of the resource;
• water, as part of ecosystems;
• users and the uses they make of water;
• water management and management of land
uses; and

• water management and national development
planning.

These dimensions of integration can be
encapsulated in two simple concepts. The first is that
water is a unitary resource despite the fact that its
different elements often appear to be unrelated.The
other is that water uses must be managed in a
coordinated way. While their management is often
deeply embedded in different areas of activity, such
as agriculture, human settlements and industry, the
water use in those individual sectors cannot in the
long run be managed independently of the others;
further, the activities of upstream and downstream
users are inextricably interrelated.
This is not a particularly surprising finding. It is

unusual to find any country that is able to manage
its water sustainably while ignoring the links
between underground and surfacewaters (although
there are many countries where one or the other is
not particularly important). Similarly, the obvious
ability of water flows to dilute pollution (or to
concentrate it, in times of drought) has usually
convinced policy-makers that water quality cannot
usefully be managed in isolation from its quantity.
And all but the most blind of regimes recognizes
that it is desirable that hydropower reservoirs should
be managed not just to maximize returns for their
owners and operators, but also in away that protects
downstream communities from floods (it is relevant
that an unusual example of the contrary practice
was in newly independent Mozambique where the
managers of the Cahora Bassa reservoir on the
Zambezi, the remnants of an old colonial regime
desperately seeking to amortize its investments,
unleashed devastating floods on the river valley in
1977).
Thus, on the basis of Agenda 21’s simple and

robust definition of integration, many countries
would score relatively highly on the application of
an IWRM approach, in terms of policy if not
always in practice.
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Many challenges remain to the application of
IWRM in practice

This is not to say that challenges do not remain.
There are stillmany examples of countries thatmiss
opportunities, compound problems or create new
ones because they do not manage water in an
integrated way.
From the perspective of this book, perhaps the

most important theoretical works in recent years are
those that analyse the difficulties of applying IWRM
approaches in practice. One example of this
literature is Jeffrey andKabat’s (2003) IntegratedWater
Resources Management: A post-natal examination, which
tries to assess the extent to which IWRMtheory has
been translated into practice and to identify research
gaps. The paper notes that ‘the concept possesses
two major weaknesses from which the bulk of its
perceived failings arise: the nature of the science
which has informed its development, and its
curiously ambiguous character in terms of
contemporary intellectual paradigms’.
Without underplaying the importance of

theoretical analysis, the fact remains that public
administration ismore an art than a science and that
policy implementation necessarily occurs in the
fuzzy context of real political life. The experience
of public administration schizophrenically
incorporating the conflicting approaches of
Weberian bureaucracies and those of the so-called
New Public Management philosophy is not by any
means limited to water management. And the
successes and failures of water resource
management should be assessed in this practical
context.
These issues become clear in a further set of

papers put forward by researchers at IWMI and
their partners, which focus on implementation of
bettermanagement practices in developing country
and ‘informal economy’ contexts. Shah and von
Koppen (2006), in ‘Is India Ripe for Integrated
Water Resources Management?’, raise serious
questions about the IWRM paradigm with respect
to India, including whether implementing IWRM

is feasible in India in today’s context and whether
implementing IWRM has helped counter water
scarcity and poverty in other countrieswith similarly
densely populated basins, where the vast bulk of
water users have few links to formal institutions.
Saravanan (2006), in a response to the IWMI

article, argued that ‘IWRM in its current package
has been dismal worldwide, that formal and
informal mechanisms both have their advantages
and disadvantages, and it is the combination of
these that contributes towards integrated water
resources management’.
Indeed, it is in India that examples such as the

Sukhomajri project demonstrate that IWRM
approaches can work well at a local level; it is at the
larger scale that the challenges of organizing
collective action becomemore acute. It is at the level
of relations between India’s federal states that the
consequences of the failure to establish robust
institutions aremost evident, a failurewhose impact
is not limited to themanagement of water resources.
The challenge of managing water at the macro-

level is highlighted by the Comprehensive
Assessment of Water Management in Agriculture
(2008), which notes that, in developing countries,
‘what usually gets passed-off in the name of IWRM
at the operational level takes a rather narrow view
of the philosophy’ and has tended to focus on a
blueprint package including national water policy,
a water law and regulatory framework, recognition
of the river basin as the unit of planning and
management, treating water as an economic good,
and participatory management. The report notes
that this package represents a ‘significant shift from
current paradigms’, that ‘making this transition is
proving to be difficult’, and that consequently ‘the
so-called IWRM initiatives in developing country
contexts have proved to be ineffective at best and
counterproductive at worst’.
Since the Global Water Partnership was

established in themid-1990s, it has sought to explain
and further develop the concept of IWRM in a
series of publications. These included the GWP
Technical Committee (TEC) Background Paper
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series, which addressed key conceptual issues related
to water resources management; the Catalyzing
Change series, which is designed to support
countries in their practical efforts to improve water
management; and the reports, case studies and
publications associated with the GWP ToolBox. (A
full list of relevant publications by theGlobalWater
Partnership is included at the end of this chapter.)
So, if there has been a failure, it has been in the

attempts to fit the IWRMapproach that is observed
in the messy world of practice into more tidy
theoretical paradigms. There is clear tension
between the world of practice and the attempts to
design a theoretical framework that can encompass
the practice of an extraordinarily diverse and
complex sector.
This is one reason why, more recently, GWP has

returned to the recommendations of the 1992Earth
Summit and sought to encourage practitioners to
locate IWRM initiatives more explicitly within the
framework of national development policies and
strategies, both to ensure that they contribute to the
achievement of national goals and also to ensure
that the approaches adopted are coherent with the
broader political economy of the society concerned
(GWP Technical Committee, 2008). One practical
outcome of this in South Africa was that local
government legislation reflected the water services
legislation that had preceded it; similarly, local
Danish and Japanese water regulations preceded
and guided national and regional environmental
legislation.
So the case studies in this book have provided an

opportunity to learn from the practice of goodwater
management, rather than to build ever more
complex theoretical frameworks.
This approach takes us back to the issues outlined

in the introduction. It enables us to learn from a
history that offers many examples of careful and
sustainable water management, which included
many of the dimensions of today’s IWRM –
ranging from the great irrigation works of
Dujiangyan built two millennia ago in China and
still servingmillions of farmers, to the developments

of theTennesseeValleyAuthority in theUSA in the
1930s. But to understand the disputes about the
nature of IWRM and its efficacy, it is helpful to
consider some of the drivers that gave origin to the
concept.
One was technical: the growing capability of

systems analysis, made possible by the evolution of
computing power, in the 1960s. This saw water
resource planners able, for the first time, to build
complex models of hydrological systems, as
illustrated by the Harvard Water Program. This
programme, which ran from 1955 to 1960, was a
large-scale interdisciplinary research endeavour that
focused on developing planning and design
methodologies for complex multi-purpose water-
resource systems at the river-basin level. In
particular, the publication of Design of Water Resource
Systems (Maass et al) in 1962 had a huge impact on
thinking among water resource specialists and led
to several large-scale efforts to apply the approach
in different contexts, with varying results.
Themodels developed as a result of these efforts

enabled planners to go beyond hydrology and to
combine economic and engineering analysis,
drawing on techniques of mathematical efficiency
models and computer simulation for river systems.
One example of this was a study of the Rio
Colorado basin in Argentina that applied multi-
objective investment criteria and mathematical
modelling for the generation of alternative
development plans for consideration by decision-
makers (Major and Lenton, 1979). It is the kind of
analysis that informed the planning of development
in complex river basins such as the Yangtze, since it
also offered economic models to support the
political processes of decision-making, and that still
holds powerful sway today – much of the work of
theMekongRiverCommission has been devoted to
developing such models.
A second driver was the growing understanding

of the interaction between land use and rainfall and
the impacts of different land uses on the infiltration
of water into, and its flow over, the land.The notion
of managing water and land together has been
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around since at least the beginning of the last
century, when the need for comprehensive
development of land, water and other natural
resources first began to be felt (Watson,Walker and
Medd, 2007). Further systematic work on land and
water resources management contributed to the
articulation of the principles of IWRM.Lundqvist,
Lohm and Falkenmark (1985), for example,
discussed strategies for river basinmanagementwith
a particular focus on the integration of land and
water in a river basin, highlighting the need to
manage land and water resources in a coordinated
way. This kind of thinking certainly influenced the
approach taken to protecting local water resources
inDenmark,where the interaction between landuse
and water quality was particularly acute.
However, the real catalyst that unleashed the

concept was the growing awareness of the impact
of human activities on the natural environment and
the need for human societies to live within their
environmental means. This matured in the late
1980s and 1990s in the events leading up to and
following the landmark Earth Summit in Rio de
Janeiro in 1992. Much of the thinking and action
around water management issues at that time was
inspired by the publication in 1987 of the
‘Bruntland Report’ (World Commission on
Environment and Development, 1987), with its
inspiring call for sustainable development as
‘development that meets the needs of the present
without compromising the ability of future
generations tomeet their ownneeds’. And, together
with preparatory work in the water sector such as
the 1992 International Conference on Water and
the Environment (ICWE) in Dublin, Ireland, this is
what triggered the formal adoption of integrated
water resources management as the approach that
offered the best chance to secure the world’s water
future.
At the Earth Summit, integratedwater resources

development andmanagementwas formally placed
on the international agenda, the separate terms used
to emphasize that even as the importance of the ‘soft
tools’ ofmanagementwas recognized, there was still a

need for the ‘hard tools’ offered by infrastructure
development. And following Rio, the term IWRM
became part of international sustainable
development vocabulary, a position that was
reinforced at the World Summit on Sustainable
Development in Johannesburg in 2002. Through
this period, the key advancewas that environmental
goals became, in themselves, important objectives
of water resource management rather than, as
before, incidental considerations.
And it was in the nature of the historic

compromise reached at Rio between ‘developed’
countries and those still ‘developing’ to focus on
‘sustainable development’ – recognizing as it does
the inextricable links between the human condition
and the state of the natural environment – that the
social implications of water use were also placed
squarely on the agenda. If the environment was
addressed through the term ‘sustainable’, the
balance in global society between social equity and
economic growth was contained in the word
‘development’.

The ongoing challenges of participation
and adaptation

There are perhaps two dimensions inwhich IWRM
as a concept remains justifiably contentious. The
first is in its linkages with concepts of New Public
Management and the economic prescriptions of the
WashingtonConsensus, which have emphasized the
role of markets and performance-based institutions.
This in many ways reflects the dominant ideology
of the period in which IWRM emerged as the
guiding concept for watermanagement rather than
being essential elements of IWRM itself.
It is thus relevant to note that most of the

examples presented in these chapters are not of the
application of market mechanisms to guide water
management, although they may have played a
subsidiary part. The market, as an instrument of
allocation, is not central to the concept of IWRM.
What is critical is that there should be mechanisms
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to allocate and govern the use of water that reflect
the value of water in addressing the social and
economic imperatives of the societies concerned,
and that encourage the efficient use of water where
it is used for economic purposes. And it is not
assumed that private institutions should take
preference over public ones.
If there is a dominant political theme in the

IWRM concept, it is about democracy and the
importance of devisingmechanisms that enable the
participation of all interested parties in timely
decisions aboutwater and itsmanagement. SoKidd
and Shaw (2007) note that while ‘IntegratedWater
Management’ (IWM) is traditionally viewed as a
water-centric concept, many of the major
challenges for integration actually arise at the
interfaces betweenwater and other natural, sectoral,
territorial and organizational systems. Medd and
Marvin (2007) discuss the role that intermediary
organizations play in water governance processes,
while Warner (2007) examines multi-stakeholder
platforms and their effectiveness and sustainability,
highlighting the difficulties of these platforms in
dealing with integrated water management.
Some interest groups have promoted an extreme

form of direct participation, in certain cases
participation deliberately designed to block any
human activity that impacts the environment. But
the cases presented in this book demonstrate that
what matters is that the different voices should be
heard and heeded in water management. The
institutional arrangements to achieve this may be
different and may be more direct in smaller
communities. But, particularly at the larger scales,
IWRM does not prescribe a replacement of
institutions of democratic governance with special
mechanisms for water. It simply highlights the
importance of that participation and the need to
ensure that the boundaries of water and governance
are aligned as far as possible (which does, in some
cases, give rise to particular governance
arrangements for water, often at basin scale, but
as a practical requirement not an ideological
prescription). And it does not suggest that local

interests should be able to override larger
community interests.
Governance and participation issues are also

important in the context of trans-boundary rivers,
where a key question is the extent to which the
powers of national organs can be taken over by a
regional river basin organization. This challenge is
highlighted in the Mekong case where, despite
decades of cooperation in the Mekong
Commission, decisions on future hydropower
development are now being taken by national
governments with only limited involvement of their
neighbours. It remains a moot point whether this
represents a failure of IWRM or whether the
collaborative approach adopted in the Basin
Commission has informed the local (in this case
national) decisions that are now being taken, since
appropriate subsidiarity of decision making is an
important principle of IWRM.
These issues of individual interests and collective

action have been addressed in depth byKerr (2007)
on the basis of field experience in India. He
comments that:

Theories from commons research predict great
difficulty inmanaging complexwatersheds andexplain
why success has been limited to isolated, actively
facilitated microwatershed projects with a focus on
social organization. Encouraging collective action is
easiest at the microwatershed level but optimal
hydrological management requires working at the
macrowatershed level. Research suggests potentially
severe tradeoffs between these two approaches.
Resolving the tradeoffs is necessary for widespread
success inwatersheddevelopment but solutions are not
clear.

It is precisely in this difficult terrain that the
IWRM approach offers practical guidance,
providing a basis to guide the choice of instruments
appropriate to the particular scale.
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IWRMas adaptivemanagement

Perhaps the most important future challenge for
IWRMas amanagement approach centres around
its ability to address the test posed by global climate
change.Questions have been raised about the ability
of IWRM approaches to address the challenges
of uncertainty and variability and, within these,
the rapid changes forecast to take place as a
consequence of climate change.
Practising water managers are sometimes

puzzled by these concerns, which seem to indicate
a lack of understanding of their terrain by themore
theoretical commentators. Water resource
management has traditionally been about
understanding and quantifying risk and uncertainty,
and designing robust responses to it. An interesting
indicator of this is the extent towhich engineers and
hydrologists are being recruited to work in the
financial markets precisely because of this ability to
conceptualize and quantify risk in complex
situations (Creamer Media Reporter, 2008).

However, a useful focus has emerged on the
concept of ‘Adaptive Water Management’, as
advanced byPahl-Wostl et al (2005), Pahl-Wostl and
Sendzimir (2005), and Timmerman, Pahl-Wostl
andMoltgen (2008). Pahl-Wostl et al (2005) describe
adaptive management as ‘seeking to increase the
adaptive capacity of river basins based on an
understanding of key factors that determine a
basin’s vulnerability’. Pahl-Wostl and Sendzimir
(2005) discuss the relationship between IWRMand
AdaptiveWaterManagement; the paper contains a
summary of traditional water management and
introduces IWRM as a response to overcome
shortcomings of these regimes, and adaptive
management as a concept that has its origins in
ecosystem management. The paper highlights
differences that differentiate traditional and
integrated and adaptive approaches (Table 14.1).
More recently, Timmerman, Pahl-Wostl and

Moltgen (2008) have provided a comprehensive
overviewof the state of the art inEuropean research
on integrated water resources management on the
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Table 14.1 Differences between traditional and adaptive regimes in water resources management

Prevailing regime Integrated, adaptive regime

Governance Centralized, hierarchical, narrow Polycentric, horizontal, broad
stakeholder participation stakeholder participation

Sectoral integration Sectors separately analysed, resulting Cross-sectoral analysis identifies
in policy conflicts and emergent emergent problems and integrates
chronic problems policy implementation

Scale of analysis and operation Transboundary problems emerge Transboundary issues addressed by
when river sub-basins are the exclusive multiple scales of analysis and
scale of analysis and management management

Information management Understanding fragmented by gaps Comprehensive understanding
and lack of integration of information achieved by open, shared information
sources that are proprietary sources that fill gaps and facilitate

integration
Infrastructure Massive, centralized infrastructure, Appropriate scale, decentralized,

single sources of design, power diverse sources of design, power
delivery delivery

Finances and risk Financial resources concentrated in Financial resources diversified using a
structural protection (sunk costs) broad set of private and public

financial instruments

Source: Pahl-Wostl and Sendzimir (2005)
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topics of participation, transboundary regimes,
economics, vulnerability, climate change, advanced
monitoring, spatial planning and the social
dimensions of watermanagement, and promote the
concept of adaptive water management as the
preferred direction for the future development of
IWRM.
While this publication suggests that IWRM is

inherently adaptive, other commentators still raise
doubts, such as Medema and Jeffery (2005):

… strategic policy in the water sector has developed
from supply oriented, through demand oriented to
integrated approaches over the past decades.Although
IWRMas an abstractmodel has beenwidely accepted
as the appropriate framework to deal with complex
water resourcesmanagement issues, its principles have
not been elaborating on management under
uncertainty, nordid they specifically articulate adaptive
capacity as a significant feature of water management
strategies. AM (adaptive management), as a concept,
has been designed to supportmanagers in dealingwith
uncertainties. In relation to the water sector, AM is
considered an approach that could improve the
conceptual and methodological base and promote
realization of the goals of IWRM.

(Medema and Jeffery, 2005)

Somepractitioners in countrieswhere an IWRM
approach has been adopted believe that the way it
is applied – in particular, the facility for on-going
engagement between users – provides a framework
within which adaptation can occur. In many of the
cases presented, the IWRM approach has already
demonstrably served to facilitate the adjustment to
changing social priorities and economic
circumstances.
In the South African case, for instance, the

provision in national policy and legislation for a
regular five-year review of resource management
strategy is explicitly designed to cater for changes in
social priorities as well as in the resource itself.
Water-sharing treaties with neighbouring states,
developed within this framework, outline
arrangements for ‘normal’ conditions, but also

provide a procedure to be adopted when, as during
a drought for instance, the ‘normal’ can no longer
be applied.
The Angas-Bremer case from Australia is

another example of a management approach that
has emerged, in part, to deal with changes in the
resource as well as changes in the social and
economic use of the resource, an approach that was
put to practical test by climatic extremes during the
recent drought.
These examples highlight that the process of

water management does not have an end point
unless the society itself is static and the cycle that
drives water resource availability is not changing.
Indeed, the management of water resources must
be a pre-eminent example of how to address the
broader social challenge of managing the various
natural ‘commons’, on which all societies depend,
in the face of changing natural and social
circumstances.
In fact, it is arguably in the context of climate

change and related challenges that integratedwater
resources management is an idea whose time has
come. Mitigating the effects of climate change
through greater reliance on renewable energy will
require difficult and often contentious decisions and
tradeoffs in the water resource management arena,
such as tapping the world’s hydroelectric energy
potential in ways that are socially and
environmentally responsible and allocating scarce
land and water resources to the increased demand
for biofuel production. Adapting to climate change
and its resulting increases in climate variability (e.g.
variations in the amount of rainfall or an
intensification of the frequency and severity of
storms) will require countries to develop more
effective ways to deal with floods and droughts and
their huge impacts on the economy.
Adaptation will also require greater flexibility to

respond to changes in water supply and demand.
The increasing risks posed by floods and cyclone-
induced storm surges to people living in low-lying
coastal areas in countries like Bangladesh will
demand urgent attention, guided by robust
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strategies designed to address future trends not just
immediate challenges.
More generally, efforts to meet the Millennium

DevelopmentGoals (MDG) – the time-bound goals
and targets to reduce poverty in all itsmanifestations
that were set by the world’s leaders in the year 2000
– highlight the water challenges that will be faced.
Although the deadline of 2015 is unlikely to bemet,
meeting the first goal, to reduce incomepoverty and
hunger by half across the developing world, will
require thatmorewater be used,more effectively, to
support rural livelihoods and to growmore food.Yet
this comes at a time when withdrawal and
consumption of water for other purposes is
increasing and is already causing significant
environmental stresses in many river basins around
the world.
Addressing theMDG to improve environmental

sustainability will require sound management
of freshwater resources to take full advantage of
the services that nature currently provides – such
as controlling floods and pollution through
wetlands and river-floodplains. And achieving
the goals of improving health, reducing
childhood mortality, and furthering equality
between women and men, cannot occur without
more reliable and readily accessible supplies of
unpolluted water as well as sanitation services to
the unserved poor.
It is in the face of these challenges that the value

of the IWRM approach can be seen, as a tool to
advance the wider development goals of the very
different societies in which it is applied, rather than
as an end in itself. This is why this book has not been
primarily about water but rather about the ways in
which the intelligent management of water is
already helping to further human wellbeing,
generate wealth, and sustain the natural
environment in the face of the immense challenges
of the 21st century.
It is why the final message of the book is to

reinforce what was said in the introduction: the
world need not face a water crisis if it manages its
limited water resources wisely. The potential crisis

is a real one, but it is a crisis of poor water
governance not of water scarcity. And the structured
application of intelligent water resource
management approaches, embodying the simple
but logical elements of IWRM, could go a longway
to help averting it.
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