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Foreword

In its 1993 policy paper Water Resources Management, the World Bank committed itself to
assisting countries in the development of a systematic framework for incorporating cross-sectoral and
ecosystem interdependencies into the formulation of policies, regulations, and public investment plans that
are suitable to the particular country's situation. Elsewhere in that document, the Bank recognized two
factors associated with incorporating these elements of comprehensive water resources management. First,
one of the major requirements for long-term, sustainable economic development, and for successful
management of water resources, is building a country's capacity to plan and manage its resources. This
capacity-building must occur on many levels, but particularly on the levels of developing the proper
individual and institutional abilities to plan and manage resources. Second, implementing water resources
policies that incorporate principles such as water conservation, cost-recovery, and poverty alleviation
requires a national water resources strategy. The Bank made a commitment in the policy paper to
preparing, in collaboration with the United Nations Development Programme (UNDP), a guide on
capacity-building for countries interested in forming strategies for managing water resources.

This volume on strategy formulation is the result of well over a year's effort by water resources
professionals under the leadership of Guy Le Moigne. Since the Bank's commitment was clearly a guide
for countries, the authors have aimed the volume at policymakers in the developing world. Many
countries have prepared water resources plans and the like, but often these have not been prepared
principally by the countries themselves. One central element the authors wished to address was building
the capacity to manage water resources through the process of strategy formulation.

Political, economic, social, and environmental circumstances are different among developing
countries, especially concerning the availability of water. It would have been most difficult to extrapolate
from actual experiences to develop a "best practices" guide or a rigorous step-by-step guide on how to
formulate a strategy. Moreover, water resources planning and management in the past rarely sought to
incorporate the comprehensive or "holistic" principles that have been recently adopted at numerous
international conferences including the 1992 United Nations Conference on Environment and
Development (UNCED) in Rio de Janeiro. These elements are elaborated in the volume.

This volume, then, describes the process of strategy formulation and relates the major aspects of
comprehensive water resources management to that process. While the description is based on
experience, the process has rarely been undertaken as described. Like the major issues in comprehensive
water resources management, the process is meant to be adapted to each country's circumstances. There
are, however, several elements that should be included if the process of formulating water resources
strategy is to contribute to a country's ability to manage and sustain the resource.

Water is a crucial element in economic development, and in maintaining or improving the
health of a country's people and of its natural environment. Investments in managing water resources
can be among the most fruitful that a country can make for its future, provided that they are made within
the framework of a comprehensive strategy. We hope that this volume will contribute to this critical
endeavor.

MICHEL PETIT

Director
Agriculture and Natural Resources

Department

vii





Abstract

This volume outlines the process of formulating a water resources management strategy. It is
intended for decisionmakers in developing countries. The process that is outlined, while drawn from
experience, is general; moreover, it can be used for regional, national, or international strategy
formulation. Going through process of formulating a water resources strategy can contribute to a
country's ability or capacity to manage its water resources. The process outlined in this volume
incorporates the elements of comprehensive or "holistic" water resources management that have been
endorsed by numerous international conferences. These elements include (a) institutional and human
resources issues (including laws, regulations, and organizations), (b) the development of adequate
information systems, (c) the participation of those concerned with or having an interest in water
resources-"stakeholders"-in the strategy formulation process, (d) the use of economic principles
(including cost-recovery) in water resources management, (e) consideration of the environmental and
public health aspects of water resources management, and (f) working with other countries or regions to
manage international resources successfully.
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Preface

Renewed interest in water resources management in the wake of several recent international
conferences and meetings has prompted a number of developing countries to formulate policies, undertake
water resources assessments, and prepare associated strategies or action programs. Increasingly, the
World Bank, the UNDP, and other organizations are called upon to provide support in the formulation
of water resources strategies. The principles and recommendations endorsed at the international
conferences and in the 1993 World Bank policy paper on water resources management provide a
framework for the translation of these policies into action. This guide describes a process for formulating
water resources strategies and outlines major issues in comprehensive water resources management that
need to be considered in strategy formulation.

The primary purpose of this volume is to assist developing countries in formulating water resource
management strategies by outlining a general process. The paper also suggests ways for countries to
build capacity through the process of formulating and implementing such strategies. Water resources
management is a daunting task, especially given complex institutional and human resources issues and
competing demands for resources. Management of water resources is, however, essential for long-term,
environmentally sustainable human and economic development.

Many developing countries and external support agencies (ESAs) have already adopted water
resources development policies. In suggesting a process for translating such policies into action, this
guide complements other efforts to develop strategies. These include water resources master plans and
"rapid assessments," the latter often used for solution of immediate problems and for evaluating short-
term investments. This guide stresses the need for long-term water resources management, which entails
building a national capacity to manage resources by involving all stakeholders in decisionmaking. The
process of assessment and strategy formulation should be collaborative, consultative, and transparent.

There are many fine technical guidelines (cited in the text) for water assessments and other
components of preparing a strategy. This guide is not meant to explain the process of strategy
formulation or its concepts in fine detail. Part I, "The Process of Strategy Formulation," covers the
purpose and process of strategy formulation. The latter is a two-phase process consisting basically of a
water resources assessment and then the formulation and choice of options. Part II, "Issues in
Comprehensive Water Resources Management," covers such main concepts as institutional and human
resources aspects, stakeholder participation, information systems, economic aspects, environmental and
health aspects, and international issues. General terms of reference for formulating water resources
management strategy are included as the appendix. As can be seen, a conscious effort has been made
to bring together disciplines that all too often are addressed separately.

This paper has benefited substantially from review and discussion by over 160 participants in the
World Bank-sponsored Tenth Water Resources Seminar (formerly the Irrigation and Drainage Seminar)
in December 1993 in Richmond, Virginia. Seminar participants included representatives of international
agencies such as the World Bank, the United Nations (UN)-including UNDP, the UN Secretariat, the
UN Food and Agriculture Organization (FAO), the UN Educational, Scientific, and Cultural Organization
(UNESCO), and the World Meteorological Organization (WMO)-professional associations (such as the
International Water Resources Association (IWRA), the International Commission on Irrigation and

xi



Drainage, the International Irrigation Management Institute), non-government organizations (NGOs),
donor agencies, and governments of industrial and developing countries.

The volume is weighted toward the comprehensive water resources management issues that cut
across traditional water sectors such as water supply and sanitation, irrigation and drainage, and
hydropower. These traditional areas will in most cases be the main substance and focus of strategies.
Although broad strategy cannot address all of the specific issues within these sectors, it can articulate
where the emphases should be placed among them and how the considerations of comprehensive water
resources management can affect these areas. In our view, this guide is ready to be shared with our
colleagues in developing countries and external support agencies with an invitation to use it in "real life"
situations and to help us to improve any future versions.

The comprehensive approach to water resources management challenges countries to find new
ways of providing environmentally sound social and economic development and of managing these
resources to achieve this. Circumstances in countries vary so widely that it would not be fruitful to
prescribe one method for strategy formulation. It is clear, however, that throughout the world water is
a limited and critical resource, that strategies to manage and conserve it are necessary, and that countries
need and want to build their capacities to manage it successfully.

FRANK HARTVELT GUY LE MOIGNE

Deputy Director Senior Adviser, Water Resources
Division for Science, Technology, and The World Bank

the Private Sector
United Nations Development Programme
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Glossary

Aquifer A stratum or zone below the surface of the earth capable of producing water

Assessment (water An examination of the aspects of the supply and demand for water and of the
resources assessment) factors affecting the management of water resources

Capacity-building The process of building organizations, human resources, and the legal and
regulatory framework needed for effective and efficient water resources
management

Comprehensive water Water resources planning, development, and control that incorporates physical,
resources management social, economic, and environmental interdependencies

Cost recovery Fee structures that cover the cost of providing the service or investment

Decentralization The distribution of responsibilities for decisionmaking and operations to lower
levels of government, community organizations, the private sector, and non-
government organizations

Demand management The use of price, quantitative restrictions, and other devices to limit the demand
for water

Ecosystem A complex system formed by the interaction of a community of organisms with
its environment

ESA External support agency (generally an agency that provides support, monetary or
nonmonetary for economic or social development). These organizations may be
bilateral, multilateral, or non-government agencies

Externality The unintended real (generally nonmonetary) side effect of one party's actions
on another party that is ignored in decisions made by the party causing the effects

FAO Food and Agriculture Organization of the United Nations

Financial autonomy The ability of an entity to operate and sustain its activities for a long period
based on the revenue it collects from the users of its services

Human resources The enhancement of knowledge and skills plus the creation of optimum
development conditions to use these

IHE International Institute for Hydraulic and Environmental Engineering

Institutions Organizational arrangements and the legal and regulatory framework (the
"enabling environment") in which organizations operate

xv



IWRA International Water Resources Association

Market failure A divergence between the market outcome (without intervention) and the
economically efficient solution

NGOs Non-government organizations

O&M Operations and maintenance

Opportunity cost The value of goods or services foregone, including environmental goods and
services, when a scarce resource is used for one purpose instead of for its next
best alternative use

RBO River basin organization

Riparian state A state through or along which a portion of a river flows or a lake lies

River basin A geographical area determined by the watershed limits of a system of water,
including surface and underground water, flowing into a common terminus

Sensitivity analysis Assessment of the response of some factors as a result of changes in others

Sewage Liquid refuse or waste matter carried off by sewers

Sewerage The removal and disposal of sewage and surface water by sewer systems

Stakeholder Organization or individual that is concerned with or has an interest in water
resources and that would be affected by decisions about water resources
management

Strategy (water A set of medium- to long-term action programs to support the achievement of
resources strategy) development goals and to implement water-related policies

UN United Nations

UNCED United Nations Conference on Environment and Development (Rio de Janeiro
1992)

UNDP United Nations Development Programme

UNEP United Nations Environment Programme

UNESCO United Nations Educational, Scientific, and Cultural Organization

UNDDSMS United Nations Department of Development Support and Management Services

Watercourse A system of surface and underground waters that constitute, by virtue of their

physical relationship, a unitary whole and that flow into a common terminus

Xvi



Watershed An area drained by a river or stream system; also referred to as a catchment area

Wetlands Areas of marsh, fen, peat land, or water that include natural, artificial,
permanent, and temporary areas with static or flowing water that is fresh,
brackish, or marine

WHO World Health Organization

WMO World Meteorological Association
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CHAPTER 1 THE PROCESS OF WATER RESOURCES
STRATEGY FORMULATION

1.1 An adequate supply of affordable water of suitable quality makes a major contribution to
economic and social development. More than a billion people, mostly the poor, still have no access to
clean water.' Almost 1.7 billion people are without adequate sanitation. Many parts of the world are
constantly struggling with drought and floods; in addition, many countries face the problems of fast-
growing populations, rapid urbanization, rising costs of providing water, and pollution of fresh water.
All of these problems have increased the urgency of formulating policies and associated strategies that
will ultimately lead to effective measures to manage water as a social and economic resource with
emphasis on its conservation.

1.2 Numerous international conferences have called for medium- to long-term policy measures to
protect and conserve water. These measures include:

* The adoption of policies based on a comprehensive approach to planning and management
that takes physical, economic, social, and environmental factors into account

* Increased participation by "stakeholders"' in both decisionmaking and operations
* Decentralized responsibility (at the lowest feasible level) for the management and delivery

of water
* Greater reliance on managing demand for water
* Protection of water quality and preservation of aquatic ecosystems.

Many of these policy measures were articulated in the UNDP global consultation on safe water and
sanitation for the 1990s held in New Delhi in 1990 (UNDP 1990). The 1991 UNDP symposium entitled
"A Strategy for Water Sector Capacity Building" in Delft and the UN's 1992 International Conference
on Water and the Environment in Dublin both played a leading role in promoting comprehensive water
resources policy measures, many of which were endorsed by world leaders at the 1992 UNCED in Rio
de Janeiro.' These measures are also reflected in the World Bank's 1993 water resources management
policy (World Bank 1993a).

'The World Health Organization (WHO) defines "reasonable access" to safe drinking water in an urban areas
as access to piped water or a public standpipe within 200 meters of a dwelling or housing unit. In rural areas,
reasonable access implies that a family member need not spend a disproportionate part of the day fetching water.
"Safe" drinking water includes treated surface water and untreated water from protected springs, boreholes, and
sanitary wells (World Resources 1993, p. 258).

'Stakeholders are institutions and individuals that are concerned with or have an interest in water resources and
that would be affected by decisions about water resources management. Stakeholders include people who may have
little knowledge of such effects and lack the means to participate.

'Please see the references at the end of this chapter for the Delft Declaration and the Dublin Statement; the
results of UNCED are included in Earth Summit 1993. In order to find ways of implementing the portions of
UNCED related to freshwater resources (chapter 18 of Agenda 21), a ministerial conference on drinking water and
environmental sanitation was held in March 1994 in Noordwijk, the Netherlands. Among other measures, the
conference encouraged the development of strategies for drinking water and sanitation "in the context of broader
strategies for sustainable water resources management and environmental protection..." (Noordwijk 1994).
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1.3 While the elements of the comprehensive approach mentioned above have been endorsed and
adopted by many countries, the difficulty remains of how to best implement them in a cost-effective and
sustainable manner within reasonable time. Many countries, particularly those with acute shortages of
clean water, have recognized the need to review their water policies and to develop comprehensive water
resources management strategies. The new concepts in water resources management-all aimed at
sustaining the resource-will take a long time to implement and may call for deep changes in national
culture.' A number of countries have requested World Bank and UNDP guidance and assistance in
translating broad development goals and key water-related policies into country strategies for the water
resources sector.' Professional associations such as the IWRA have indicated their willingness to provide
support for such endeavors.

1.4 Water's vital role in economic and social development makes it essential to have a strategy to
develop and manage this resource. The classic definition of strategy is "the science and art of employing
the political, economic, psychological and military forces of a nation or group of nations to afford the
maximum support to adopted policies in peace or war."' It can mean a careful plan or method that is
employed to obtain a goal. In short, strategy is a means of translating policy into action. The practical
application of the concept of strategy for water resources management (as in other areas) varies widely.
In some countries "strategy" has been deemed to cover every aspect of water resources management from
formulating national policies to defining roles and responsibilities for implementation to selecting and
financing water sector projects. In other cases, strategy has been treated as synonymous with "master
plans" or "water action plans" that often encompass specific projects. This guide defines a water
resources management strategy as a set of medium- to long-term action programs to support the
achievement of development goals and to implement water-related policies. This definition of strategy
does not include project identification, ranking, or financing; in this sense it is between policies and
projects, but is certainly connected to them. Although this guide refers to national strategies throughout,
the concepts and processes described can apply to different levels of government organization, such as
regions or provinces. The concept of strategy is described further in the following section.

1.5 The formulation and implementation of a strategy for the water sector can help sustain economic
and social development and can help build a country's capacity to manage its resources. Capacity-
building can be one of a country's goals. In fact, building capacity can be one of the direct benefits of
undergoing the process of strategy formulation. Formulating a water resources management strategy
begins by examining a country's development goals and its existing water-related policies. These must
be articulated clearly before the process begins. Formulating a water resources management strategy will
also test the feasibility of existing development objectives and policies. Although this guide describes a
general process, strategy formulation is not a one-time effort. Countries need to test, refine, and update

'See the chapter "A Water Ethic" in Postel 1993.

sAlthough the terminology is a matter of great debate, in this guide the terms "water sector" and "water
resources" are used interchangeably. Both terms are meant to include all water uses (environmental, domestic, and
production) from both the demand and supply sides. Both terms are also meant to include water quality
considerations and the water needed to sustain aquatic ecosystems.

'Encyclopedia Americana, Webster's New Collegiate Dictionary, both s.v. "strategy," La Grande Encyclopidie,
s.v. "strategie."
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their strategies and to adapt them to new circumstances and challenges.' They need to be able to do these
things themselves in order to sustain economic and social development. In this sense, formulating strategy
is a long-term, iterative process.

PURPOSE OF THE GUIDE

1.6 The purpose of this guide, which is sponsored by the World Bank and the UNDP, is to assist
countries in preparing national, provincial, or regional water resources management strategies by outlining
for policymakers a general process of formulating such strategies and suggesting ways for countries to
build management capacity through the process of formulating these strategies. It is primarily directed
to countries that have made the necessary commitment at the highest political levels to formulating and
pursuing a strategy.

1.7 It can hardly be emphasized enough that conditions vary significantly from one country to another
as well as within countries. This guide offers a general framework for formulating medium- to long-term
water sector strategies; some aspects should be adapted to circumstances, and some that are essential to
building capacity (such as participation of a wide variety of institutions and individuals concerned about
water issues) should be applied by all countries that wish to undertake the exercise.

1.8 Many donor agencies and interested parties may find the framework set forth in this guide helpful
in forming their approach to assistance in the water sector. If so, the guide may serve the additional
purpose of facilitating communications between such organizations and developing countries.

WATER RESOURCES MANAGEMENT STRATEGY

1.9 As mentioned earlier, a water resources management strategy is a set of medium- to long-term
action programs to support the achievement of development goals and to implement water-related policies.
Development goals might concern, for example, aspects of food security, population growth, development
of poor regions, rural and urban development, and the role of public and private sectors. Goals may also
be specific, for example providing safe water supply and sanitation to a high percentage of the population
by a certain date. Water-related policies might include government decisions about the preservation and
protection of ecosystems, water rights, and the role of pricing. The objective of formulating a national
water resources management strategy is to provide measures to manage this vital resource in accordance
with adopted goals and policies. Developing such a strategy will also test whether these goals and
policies are realistic. For example, there may simply not be enough water available to meet the goal self-
sufficiency in food production. In such cases, existing goals and policies may need to be modified. A
strategy should be developed with the idea of the best or most efficient use of existing or emerging
resources to achieve goals. Otherwise, the strategy could be unrealistic and may not achieve its aims as
quickly.

1.10 A national strategy need not identify specific investment projects, although it may outline or
provide broad directions for an investment program. A water resources management strategy should

'For officials charged with program oversight, strategy can mean "simply addressing rigorous logic to the
allocation of the scarce resources available to carry out the tasks assigned us by national strategy" (Lehman 1988).
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emphasize such aspects of water development as the necessary institutional and human resources
framework, and should address the medium- to long-term (5-30 years) issue of building or enhancing a
country's water management capacity. Such a strategy should incorporate the views of water resources
stakeholders by including them in the formulation process. Moreover, a strategy should be developed
principally by national experts. Foreign technical assistance might be offered as appropriate, but if at all
possible, it should be kept to a minimum. The final strategy should be a domestic product that
encourages the commitment and "ownership" necessary for sustained economic development as well as
for the implementation of the water strategy and the success of individual projects and investments.

1.11 A water resources management strategy differs from the "master plans" that many countries have
developed. A master plan is usually investment- or project-oriented; the product of a master plan is often
a specific set of investments to be made or projects to be undertaken. Master plans have a role to play
in water resources management if they are viewed as an investment plan that follows the accepted
strategy. Master plans should be placed firmly within the context of development goals and key water-
related policies and strategies. Some of the best plans already do this; investments, however, should
include capacity-building measures. The principle of community or stakeholder participation, which is
missing from many master plans, needs to be included in project planning.

1.12 Many countries' master plans have not adequately considered the institutional and human
resources frameworks that are important to water management. Master plans have often neglected the
long-term issue of building a country's water management capacity. Also, many such plans have been
developed with considerable expatriate involvement. Capacity-building of institutions and individuals has
often been inadequate. Most master plans have been made without taking into account the views of water
resources stakeholders. Some master plans have been developed without adequate consideration of
national development objectives or the acceptability of the plan to government decisionmakers and water
resources stakeholders.

1.13 In contrast to master plans, which often take a long time to develop, "quick assessments" or
"rapid assessments" have been used to justify immediate investments. The objective of these assessments
is to determine critical issues for prompt consideration while longer-term needs are being examined.
Quick assessments may be necessary in the short term; they have the merit of rapidly bringing the major
issues that need to be addressed to the attention of decisionmakers. One of the most valuable
contributions of a quick assessment is the identification of the limits of what is known. Quick
assessments do not, however, address the long-term issue of building a country's ability to manage its
resources in a sustainable manner.

1.14 A number of elements in the approach suggested in this guide have been drawn from the
experience of countries in formulating water resources strategies and from approaches to (and experience
with) country water resources strategies developed by external support agencies such as the World Bank
and the UNDP. The World Bank's Asia and Middle East and North Africa regions, for example, have
developed approaches to strategy that emphasize comprehensive analysis and include institution-building
and training (World Bank 1993b and 1993c). Some external approaches, however, rely on initiative by
the external support agency because of the urgency of problems in an area; countries can ill afford to
further delay action on some emerging water crises. Such approaches, which often favor the quick or
rapid assessments referred to above, argue that in most cases there is sufficient information to formulate
a water sector strategy and to define critical programs and actions.



7

1.15 The emphasis in this document is on medium- to long-term issues and on building a country's
capacity to formulate and implement its water resources strategies. The product of strategy formulation
as envisaged here is not a specific set of development projects or a summation of various river basin
development plans. Just as policies are usually set at a high level of government, the kind of guidance
needed for water resources management strategies needs to be set at a high level to ensure political
commitment.

THE PROCESS OF STRATEGY FORMULATION

1.16 Each country has a set of unique legal, institutional, economic, social, physical, and
environmental conditions that influence its water management policies and strategies. While experience
worldwide is useful to generate options for action, solutions to a country's problems must be tailored to
that country's needs. The formulation of national strategies for integrated water management can be
complex, depending on many factors such as the size and political organization of the country, its
hydrological conditions, its regional milieu, and the diversity of stakeholders. In some countries in the
Middle East, Africa, and Central Asia, water scarcity is the main issue. For other countries in Asia and
North and South America, floods are a major concern. For much of Central and Eastern Europe,
pollution is the chief problem.

Strategy Formulation in Context

1.17 Figure 1.1 illustrates an overall strategic planning cycle in a country. Development objectives
and key water policies provide the platform from which to launch an assessment and analysis of issues.
Evaluating options and presenting choices is the next step. Both the examination of major issues and the
evaluation of options may reflect back on development objectives, as illustrated by the dotted lines in
figure 1.1. The options chosen by policymakers constitute a strategy; with a strategy in place, a country
should have ample criteria to develop an investment or project plan. It may be necessary to change
development objectives and water policies in light of discoveries made during strategy formulation or
during implementation of a water resources strategy.

1.18 An important step in the strategic planning cycle is implementation of the strategy. Part of
formulating a strategy should be to specify the entity that will be responsible for monitoring or following-
up the implementation of strategy. Depending on the country, this entity might be a professional "think
tank", outside experts, or a standing committee. It is important that this entity has both the authority and
capability to oversee implementation of strategy, and that the commitment to review progress is not just
an exercise on paper. Implementation itself may expose unrealistic portions of strategy or of original
development goals.

The Need for Capacity-Building

1.19 There is mounting evidence that in the near future the major constraint a water resources
development and protection will be the limited capacity of the institutions in many countries to absorb
financial resources and convert them into worthwhile and sustainable actions and project (Alaerts and
others 1991). Capacity-building is a major aspect of formulating a water resources management strategy.
It further distinguishes a water resources management strategy from master plans or quick sector
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Figure 1.1 The Strategic Planning Cycle
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Source: Adapted fron Hennesy 1993 --

assessments. The Delft Declaration (1991) describes capacity-building as a global concept and a strategic
element in the sustainable development of water resources, and identifies the three basic elements of
capacity-building as:

* Creating an enabling environment with appropriate policy and legal frameworks
* Institutional development, including community participation
* Human resources development and strengthening of managerial systems.

Many failures in water resources management are the result of lack of trained staff and weak institutions.
Capacity-building has been identified as the missing link in African development (Jaycox 1993).

1.20 Real long-term success in water resources management depends on the ability of nationals to
identify problems and formulate and implement policies and strategies. As mentioned earlier, strategy
formulation is not a one-time effort. Rather, it is a long-term, iterative process. Countries constantly
need to adapt their policies and associated strategies to new circumstances and challenges. For building
capacity, the process of formulating a water sector strategy is perhaps as important as the resulting
strategy. The outcomes of strategy formulation may be improved in the future; the immediate and
difficult challenge is for the government to both make the commitment and put in the effort to develop
its own strategy. The participation of national staff in this effort may give individuals the sense of
ownership that is at the core of successful policy implementation.

Stakeholder Participation

1.21 Adequate stakeholder participation is another important aspect that distinguishes further the
process of strategy formulation from quick sector assessments or from most master plans (please see
paragraphs 1.11 and 1.12). Too many development strategies, whether in water or in other areas, have
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not fully involved the people affected by them (see Sandstrom 1994). Stakeholder participation involves
those who are concerned with or have an interest in water resources and who will be affected by water
resource decisions in the process of decisionmaking. It is similar to the idea of community participation
in decisions at a project level. Decisions regarding water resources can affect nearly every sector of the
economy and the public as a whole. Stakeholder participation should be established in a form that will
elicit responses from those concerned with water resources development at appropriate levels.

1.22 Involving stakeholders ensures representation of a variety of views, but offers benefits far beyond
this:

* It can help foster commitment to the final options chosen. This is an important element
of success in managing water resources. By creating an environment that rewards the
discussion and debate of risks, benefits and costs, participation leads to informed consent
to chosen options. This contributes to acceptance of the resulting water strategies and
creates ownership of the strategy or accompanying policies.

* It ensures transparency and accountability regarding decisions and the process by which
decisions are made.

* It enhances creativity. Policymakers not only get a variety of views during the process,
but can also identify organizations and individuals that can effectively implement policies
at various levels.

1.23 The strategy formulation exercise would fail to win public support and necessary political and
financial backing if it is perceived as merely an exclusive and technocratic task without the involvement
of key constituencies-including professional associations, private sector agencies, and nongovernment
organizations. The press and media are important channels to raise public awareness of issues and options
in water resources management (UNESCO 1987).

1.24 Stakeholder participation in strategy formulation has two major aspects: identifying stakeholders,
and securing their participation. Chapter 3 provides a variety of methods of identifying and involving
stakeholders. The strategy formulation team (discussed below) should address which level of involvement
at which point in the strategy process is appropriate to the stakeholders they identify. Stakeholders might
be included on the team itself. Some might be engaged as decisionmakers, originators, advisors,
reviewers, observers, or listeners. The forms of participation can range from information programs to
structured meetings or processes designed to produce consensus or agreement or to resolve conflict. The
levels of stakeholder participation in strategy formulation are illustrated in figure 1.2. Participation in
the strategy formulation process should help the policy goal endorsed by many countries of giving
stakeholders as much responsibility as possible for water resources management.

1.25 Many governments and development institutions understand that participation will lead to effective
development. One of the risks of stakeholder participation, however is over-politicization of issues
(technical or non-technical). Some technical issues might be better left to the expert team or its advisors,
particularly in the early stages of strategy formulation. One key aspect of devising a program of
stakeholder participation is to involve stakeholders at appropriate levels and times (please see the annex).
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Figure 1.2 Levels and Roles of Stakeholder Participation in Uhter Resources Management Decisions
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Overview of the Process

1.26 There are several critical elements that should be in place prior to the beginning to formulate a
water sector strategy. Strategy formulation itself has two main phases. The main critical elements and
points in the process are illustrated in figure 1.3 and discussed in the following sections. Countries may
initiate forming or adopting policies prior to strategy formulation; in fact, an interministerial steering
committee or some other high-level authority (see paragraph 1.30) may be appointed and may convene
to articulate or adopt policies before the process of strategy formulation begins. While it is important
that policies be in place to guide the formulation of strategy, the iterative nature of strategy formulation
means that policies both guide the process and can be revised by it, as illustrated in figure 1.1. During
either phase 1 or phase 2, or even after a strategy has been adopted (in, say, the implementation phase),
policies may need to be adopted or clarified. The options presented to decisionmakers may include
revising impractical or unrealistic policies.

Critical Elements

1.27 Several elements are critical for successful strategy formulation.

0 The broad development objectives and key water policies should be articulated as clearly
as possible.
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Figure 1.3 Key Points in Water Strategy Formulation

Development Objectives and Key Water-Related Policies
Government Commitment

Critical Elements Appointment of Oversight Body
(Interministerial Committee)

Recruitment of Expert Team
Determination of Partners and Process
Review of Objectives and Policies

Phase 1 Inventory of Resources
Water Resources Key Issues: Selection

Assessment Analysis (Projections)
Ranking

Interim Review Process
Decisions on Proceeding

Phase 2 Develop Options
Strategy Evaluate Options

Definition Recommendations
Choice of Options

Source: Authors

* At the highest levels the government must commit itself to the process of formulating a
water strategy and to water sector management using a comprehensive approach. This
commitment can take various forms-for example, the head of state or top government
leaders endorse the approach in a declaration, written statement, or letter.

* The government should appoint an oversight body-an interministerial steering committee
or other high-level authority-to whom the team of experts responsible for strategy
formulation should report. One individual from this oversight body should be assigned
the responsibility of coordinating the strategy effort.

* The government should recruit a team of national experts responsible for the process and
content of strategy formulation.

* The expert team should determine the partners and the process for strategy formulation
and agree with its oversight body on terms of reference for strategy formulation.

1.28 Government commitment also means the commitment of resources to undertake what could be
a long process of strategy formulation suggested here. While some foreign technical assistance and other
support may be available, building capacity means undertaking an effort largely staffed by a country's
nationals who should be provided adequate financial and other resources. A substantial portion of these
resources should be furnished by the country itself.
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1.29 The government should also make a commitment that the process will be collaborative,
consultative, and transparent. "Collaborative" means generating a sense of partnership among key
stakeholders within the country and the invited external support agencies that are willing to assist.
"Consultative" means fostering debate and discussions among stakeholders on the issues and options that
arise in formulating strategies. "Transparent" means both that the process itself should be articulated
and that communication through periodic public reports on progress should be encouraged.

1.30 The Oversight Body and the Expert Team. The government should first appoint an
interministerial committee or name some other responsible body with the authority to appoint an expert
team to develop strategy (in most cases this will be an interministerial committee, so that term is used
throughout the rest of this chapter). Too often the work of developing water resources plans has been
left to one ministry without the genuine participation of other areas of government. What matters is not
so much the structure as that strategy formulation has a genuinely intersectoral, multidisciplinary approach
that can be implemented successfully.

1.31 It is appropriate for an interministerial committee to act as a steering committee during the course
of the work program, reviewing progress and approving the course of work. In some countries, an
interministerial committee will also be the authority that will choose among the options presented by the
expert team; in others, it may present the recommendations of the expert team to the executive or to the
legislative authority to enable either of them (or both) to choose the options that will constitute a strategy.
The responsibilities for final choice among the options presented and for oversight of strategy formulation
should be made explicit at the beginning of the process .

1.32 The budget for strategy formulation should be designated in general terms prior to choosing a
team of experts. The government will no doubt wish to analyze the costs of preparing a water resources
management strategy before committing the necessary funds to do so. While estimates can be made, the
budget will probably not be finalized and funds will probably not be committed until the team has agreed
with its oversight body on the work to be done.

1.33 The interministerial committee should recruit a team of experts. The size and composition of
the expert team will vary according to the terms of reference, which will depend on the size of the area
to be studied, the complexity of the water resources issues to be addressed, and the quality and level of
the existing knowledge. Members of the expert team should be chosen primarily for their expertise,
professional competence, and ability to appreciate cross-sectoral water issues. The members should be
drawn from a variety of institutions that may include government, public and private agencies, academic
institutions, professional associations, and NGOs. The team may include members of the public or other
interested parties. If necessary, foreign technical experts could be included. Team members should be
chosen for their professional competence and their capacity to appreciate cross-sectoral water issues.
Most members would be full-time although not in all cases for the full duration of the study period.

1.34 Depending on the political structure of the country, the interministerial committee may wish to
keep the parliament or legislative body abreast of the progress of strategy formulation. Since a legislature
will often make the resource allocations to implement strategy and investment plans, it would be wise to
at least inform, and possibly involve, legislators. For example, they could be included in the review
workshops suggested in paragraph 1.54.

1.35 Determining the Partners and the Process: Preparing Terms of Reference. Terms of reference
for the national expert team should be prepared before beginning the water resources assessment that
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constitutes phase 1. The supervisory body or interministerial committee will probably have a general idea
of the work to be done prior to selecting the expert team; the final terms, however, should be prepared
in consultation with the team members after they have had the opportunity to suggest the scope and
process of the work and to determine the resources they will require.

1.36 The expert team should determine the partners and resources it will have and the process it will
follow. Partners are individuals, firms or organizations that will be involved directly in the process, for
example government departments, consulting firms, university faculties, or professional associations. In
choosing the partners, the expert team will no doubt wish to avoid charges of bias; on the other hand,
the choice of water resources expertise may be limited. Some guidance on these items will doubtless
come from the expert team's oversight body. Tasks in this area include:

* Identifying partners
* Identifying and meeting stakeholders
* Defining stakeholder roles
* Determining the work management structure
* Agreeing on and communicating work and consultation procedures and a work program.

1.37 The need to include stakeholders and defining their roles are discussed in the section above on
stakeholder participation. Determining the work management structure involves defining the tasks,
structure, and schedules to be followed in the process. There are many guidelines upon which the team
can draw to define their tasks (see Tiffen 1993, WMO 1992, Delft 1991, UN 1989, and UNESCO 1987)
The expert team may wish to form ad hoc or standing groups to cover various issues. They should be
able to draw on necessary expertise or resources within the government or elsewhere to complete the
tasks outlined in the following section.

1.38 Areas of water resources management that should be considered in the strategy formulation
process are summarized in the section "Key Areas for Assessment and Strategy Integration" in this
chapter. Part II, "Issues in Comprehensive Water Resources Management," provides a general
introduction to each of the following topics.

* Institutional and Human Resources Arrangements are perhaps the cornerstones of
sustainable water resources management. "Institutions" are defined to include
organizations, laws, regulations, and customs.

* Stakeholder Participation should be an element of strategy formulation as well as of
project planning and management of water-related services.

* Information Systems, includes the availability, collection, and dissemination of water-
related information. In the long run, it is both the availability of information and the
integrity of the information system that are important in managing water resources.

* Economic Aspects of water are increasingly important if the finite resource is to be
managed efficiently. The task of valuing water is complex in most countries; some
notion of value should be established during the strategy formulation process. Economic
concepts are crucial for sorting through the issues and making recommendations.
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* Environment and Health Aspects, including the sources and effects of pollution, are major
problems in many countries. The team specialists in charge of these aspects should
contribute to the other areas. The environment specialist could, for example, contribute
to information systems by, for example, defining ways to identify and monitor sources
of pollution, and to economic aspects by indicating appropriate ways of valuing
environmental and health aspects of water resources management.

* International Arrangements can be crucial to the process of formulating a strategy. It
should be immediately obvious to the expert team whether international aspects deserve
significant, perhaps even primary, attention. Riparian states may wish to undertake
jointly some aspects of strategy formulation.

Phase 1: Water Resources Assessment

1.39 The term "assessment" has been used in various ways in water resources literature. Here, it
means a process that includes, in general, the following components: describing development goals and
water-related policies, preparing an inventory of information in several key areas mentioned in paragraph
1.38, and identifying, analyzing, and ranking major issues in water resources management. Preparing
water resources assessments are an important way to build capacity.

1.40 The water resources assessment (phase 1) is an examination of the physical aspects and wide
variety of factors that influence the development of water resources. It starts with a full appreciation of
the stated policies and the existing and on-going developments. This provides the basic platform upon
which strategies can be built. Preparing an inventory and identifying and analyzing major issues in water
resources management includes covering the key areas mentioned in paragraph 1.38.

1.41 In some cases, international considerations will dominate the process of formulating a water
resources management strategy. Countries need to establish collaborative arrangements with other states
influencing (or influenced by) their decisions on water resources management. It may be impossible to
proceed without international discussions or contact under the auspices of the expert team. Since resource
assessments are generally made on the basis of a whole river basin or drainage area, it may be
appropriate for several countries to undertake a joint water resources assessment.

1.42 Review of Policy Goals. The assessment should begin with a review of the country's development
goals and key water-related policies. Goals might include, for instance, achievement of food security,
development of heavy industry (including its location), or economic development of the poorest regions
of a country (rural or urban). Water-related policies may include government decisions on environmental
protection, water rights, pricing, the degree of decentralization of authority, and social issues (such as
access to potable water supply and sanitation services). These policies should guide the entire process
of formulating a strategy. For example, in a country that has chosen food security as a high priority, the

* For instance, UNESCO and WMO stress 'water resources assessment" in terms of database and related
analysis of collection, review, and dissemination(UNESCO/WMO 1988). The annex to the Delft Declaration (1991)
introduces assessments as an instrument for country capacity-building. A report by the Canadian International
Development Agency (CIDA) on institutional arrangements has used the term "thematic evaluation" instead of
"assessment* for an approach that is comparable to that articulated in the Delft Declaration (Grover 1992).
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assessment will probably focus on agricultural uses of water. The water-related policy measures endorsed
by many countries taking a comprehensive approach to water resources management are listed in
paragraph 1.2. If goals and policies have not been adequately established it will be necessary to defer
formulating a strategy.

1.43 Preparing an Inventory. Most water resources developments are long term, extending over 20
to 40 years or more. Transitions occur slowly. This is particularly important for irrigation, where
existing arrangements are often a firmly established part of the local culture and the economy of a region.
A detailed appreciation of the existing water resources management system, including the manner in
which organizations function and the standards of service provided to the users, will help the expert team
to understand the main issues and the paths and time any changes will take. This involves collecting
information and experience in five key areas-water-related data, institutions and human resources, the
economic treatment of water, the environment, and international water affairs. The process of preparing
an inventory generates a list of the major water-related issues.

1.44 The preparation of an inventory of information and experience in the five key areas mentioned
above should help to bring major issues to be addressed and any gaps in information to the fore. In the
first area mentioned above, information systems, the expert team could begin the inventory by examining
the availability and quality of data on water supply and demand. This might start from hydrologic,
meteorologic, and water quality data. Data on the actual physical resource (its location, quantity, and
quality) are fundamental to a water resources assessment. The inventory should be done for each major
river basin. Far from merely generating a physical description of the resources or a checklist of available
data, however, the inventory should examine how data are collected, stored, disseminated, analyzed, and
used. Among institutional arrangements, the expert team will probably wish to review existing laws and
regulations and the organizational arrangements for implementing them, together with identifying national
trends. For example, studies might involve identifying those institutions (or the lack of them) responsible
for resources planning, pollution enforcement, or operations and maintenance (O&M) in irrigation
systems. In the area of economic analysis, the team should study how water and its delivery is priced,
the quality of demand forecasts, and the analytical techniques used in pricing and economic analysis. The
environmental and health aspects of water resources might include an inventory of the state of major
drainage areas and sensitive ecosystems as well as the incidence of waterborne diseases. Finally, the
expert team will probably wish to briefly catalogue and evaluate international treaties and arrangements.

1.45 All of the aspects of water resources management mentioned in the paragraph above have an
institutional and human resources aspect. Again, "institutions" include organizations, laws, regulations,
and customs. In this sense, institutional and human resources aspects pervade all of the physical aspects
of water resources management. Whether organizations for implementing policies exist or not, whether
they are public or private, and how they function can be examined at the inventory stage. Similarly,
almost every major issue identified and analyzed, and every option or solution suggested will have an
institutional and human resources complement.

1.46 Selecting, Analyzing, and Ranking Issues. Phase 1 concludes by selecting and analyzing the
major issues to be addressed in the water sector. During the inventory discussed above, major issues will
naturally present themselves; the analysis should further help to identify issues to be addressed both at
the local (basin) and national or international levels. Selection of key issues is crucial if strategy
formulation is to remain a manageable activity. In the case of international waters, it would be useful
to identify priorities to be handled at the country level, and those that would require dialogue with other
countries, possibly through regional river basin organizations.
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1.47 Major issues may need to be addressed in different time frames. Some issues need to be
addressed quickly before they become catastrophes. These issues may include dams or flood protection,
dike safety, over-pumping of water, resettlement practices, or dangerous levels of pollution of drinking
water. Other issues, if not addressed in the context of strategy formulation, will jeopardize sustainable
development and may cause practically irreversible damage to the environment. These issues may include
the intrusion of pollutants or of salt in underground water, soil salinization, erosion, and waterborne
diseases.

1.48 In the course of analyzing major issues, it may be useful to develop both quantitative and
qualitative projections in a number of areas. The most basic of the quantitative projections are for the
demand and supply of water; from these, a number of other needs, such as the demand for a variety of
services in the water sector, can be indicated. The projections should reflect the dynamic nature of
potential water demand; indeed, projecting demand is a formidable challenge. Hydrological and
meteorologic factors, population and economic growth, urban development, diversified agriculture, water
pricing policies, environmental concerns, changes in technologies, and improved demand management
are all factors that can effect the nature of water supply and demand. Some of the concepts of demand
management are discussed in Chapter 5. The expert team should include clean water to preserve the
environment, especially water-based ecosystems, as a new use or demand in such projections. The
participation of stakeholders can help make projections realistic.

1.49 This is not to suggest that a great deal of time should be taken to produce sectoral or national
water balances. Developing the necessary basin-level models for complex projections may be something
a country wishes to undertake, but considering the amounts of data and the time required, it may be a
project undertaken separately from strategy development. Indicative projections can identify trends in
water use and supply, and may highlight issues or help to rank them in order of importance. It is
important that the expert team set limits on the amount or complexity of the projections. In many cases,
basic forecasts already exist. Sensitivity analysis-assessing the response of some factors as a result of
changes in others-can also have a place at this stage of the process.

1.50 Along with quantitative projections, qualitative or descriptive forecasts of the future should be
made. These might cover basic views of what the future will be like, or how it will be affected by
impending socio-political developments. For example, the expert team might postulate the effects of trade
agreements on water resources issues. Such agreements may cause shifts in agricultural production that
will change the characteristics of demand for water and attendant products and services. Another example
is a change in the domestic legal or administrative environment such as decentralization or privatization
of water services. These factors will of course influence the quantitative projections mentioned above.

1.51 Ranking key issues in the order of importance is the final task of this portion of the strategy
formation process. This will help the expert team focus on developing a variety of options that may
cover several issues at once.

1.52 Timefmme. Depending on the size of the country and complexity of the issues, a water resources
assessment along the lines suggested above may take anywhere from 6-18 months.



17

The Interim

1.53 Review. It is useful to review the process at this point. If there are data gaps or serious conflicts
among stakeholders, efforts to fill the gaps or address the conflicts may be necessary before moving on
to selection of strategic options. In some countries, completing phase 1 can lead directly to formulation
of strategic options. In others, particularly in larger countries with many big river basins and complex
institutional arrangements, or where international waters are involved, water management strategies may
not be easily formulated from the assessment completed in phase 1. In such cases, this phase should
point to gaps in data collection, institutional functioning, policy enfbrcement, and action necessary before
proceeding with strategy formulation.

1.54 Conducting Review librkshops. At the end of phase 1, a series of workshops could be organized
to evaluate the outcome of the assessment, to review progress, and to plan the next steps. Participants
could include the country's decisionmakers, key stakeholders, members of the expert team mentioned
above, and representatives of external support agencies. Before undertaking the next phase, the
workshops could identify major gaps in the assessment. In cases where the country is ready to proceed
with the second phase, specific terms of reference could be agreed at the workshop.

1.55 Timeframe. The interim period may be 1-3 months.

Phase 2: Formulating Strategic Options

1.56 During the second phase, the expert team develops and evaluates options, and presents
recommendations to decisionmakers (the interministerial committee or other body). The options chosen
constitute the water resources management strategy.

1.57 In developing options and analyzing options and in making recommendations, the expert team
must strike a balance between the ideal and practical forms of water resources management for a country.
Without becoming overly concerned with political ramifications, the expert team should nonetheless be
aware of the feasibility of recommendations. Interchange with the executive branch or legislative body
throughout the process of developing a strategy can help to inform the team and build support. The team
should in any event avoid producing a list of options and recommendations that is a "wish list" divorced
from practical consideration of the resources available to implement a water resources strategy.

1.58 Developing Options. On the basis of the work done in phase 1, the expert team should have some
answers to the question "What are the major water resources issues or problems to be dealt with in order
to achieve our development goals and support our water policies?" Identifying and evaluating options
essentially answers the question "What are the best ways to deal with the issues or solve the problems?"
For each issue considered, there will usually be several physical and institutional or human resources
options. For example, if the option being considered is further development of groundwater resources
in order to meet, say, growing urban demands, there must be a series of institutional measures that will
enable specific physical or technical solutions to be designed and implemented. If pumping more
groundwater is the best solution, the expert team should consider who should develop the resource
(perhaps existing modes of development are satisfactory), which institution should regulate the
development, and whether adequate environmental safeguards, especially considering aquifer pollution,
are in place. In short the institutional and human resources options are necessary adjuncts of any
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technical or physical options. Developing technical solutions is an empty exercise without suggesting how
to implement them.

1.59 Evaluating Options. Feasible options should be compared on technical, sociological,
environmental, and economic grounds in order to arrive at recommendations. Evaluating options, both
technical and institutional, should involve (to the greatest extent possible) analysis of the costs and
benefits of each alternative. In this process, the extent to which options respond to original policy
objectives should again receive attention. At this point, as in phase 1, analysis may show that some
policies are unrealistic. As with analyzing the major issues, evaluating options needs to remain a
manageable task. Many sophisticated analytical techniques can be applied, but if these techniques cannot
be applied consistently by a country's water resources professionals they may not immediately serve the
goal of sustaining water resources management.

1.60 Evaluating options should begin by establishing the criteria to be used. An evaluation criterion
is a rule used to measure the extent to which an objective has been achieved (Kindler 1990). Criteria
should to the greatest extent possible be quantifiable and limited in number. Moreover, a criterion should
not be confused with a goal. As a basic example, country may have a goal of supplying a large
percentage of the population with safe drinking water and a policy of decentralization of water supply
services. Two of the options to be considered might be a rapid decentralization or a gradual devolution
of responsibilities. Criteria used to choose between them might be cost, the quality of service that could
be provided immediately, and acceptability to water resources stakeholders.

1.61 There are a variety of statistical techniques and models that can help to analyze options. Basically,
however, analysis of options is a process of evaluating the available and necessary inputs (human,
material, natural, and financial) in pursuing a strategy, and an assessment of the output, or response, that
will arise from each strategic option. Finally, the team should compare these responses to the criteria
set forth. Analysis should consider all aspects of implementing an option, including (broadly) not only
the an allocation of financial, physical, and human resources but also cultural, ideological, and legal
constraints. Progress in meeting strategic goals (for example, more efficient use of developed water,
improved public health, improved water quality, and increased environmental protection) will affect the
demand for water, and such progress can be assumed in the analysis.

1.62 The options should consider various means of matching supply and demand, and of satisfying
environmental concerns. The strategic options should include:

* Broad technical arrangements needed to meet physical development of water resources

* Options for institutional and human resources arrangements, highlighting the potential of
involving water users, nongovernment organizations, professional and trade associations,
private sector service providers, and local governments in water resources management
(criteria used to choose among options might include reducing the load on the public
sector, or minimizing the need for complex interagency coordination)

* Requirements and alternative means for capacity-building in institutions and skills for
water sector management

* Regulations that should be enforced or reformulated
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* Demand management possibilities, including the use of (a) pricing and non-pricing
instruments, (b) appropriate technologies for water delivery, conservation, reuse, and
pollution control, and (c) innovative educational means of motivating present and future
users of water to monitor consumption and conserve water

* Environmental and health protection measures, in particular regulations concerning the
monitoring and management of surface and groundwater, pollution control in all water
subsectors, and incentives for wastewater reuse.

For each option, the expert team may wish to give an indication of the broad economic efficiency of the
option and an indication of its multi-sectoral effects.

1.63 Finally, evaluating the options should include careful consideration and mention of the risks
involved. For example, formalizing property water rights and legalizing water trading may raise the
potential for monopolization of water supplies, possibly raising rural inequity. Some measures might be
suggested to lessen such risks. Some risks, however, may remain part of necessary change.

1.64 A workshop prior to finalizing and presenting recommendations could be useful to inform or
involve key stakeholders or to develop suggestions about how they should be informed or involved in the
final phases of strategy formulation and implementation.

1.65 Recommendations. On the basis of evaluations, the expert team will provide a list of
recommendations. The interministerial committee (or another authority empowered to do so) will
eventually choose among the options presented. These choices will constitute a strategy.

1.66 In making recommendations, the expert team will doubtless wish to bear political acceptability
in mind. The options a country chooses must be politically acceptable. This is because resources will
ultimately have to be allocated to implement both the strategy and any resulting investment or project
plan. All too often, elaborate master plans or investment plans have been developed and put aside
because countries lacked the commitment to the process of managing water resources or because the plans
were developed in isolation from political reality. An economically optimal solution does not equal a
politically acceptable one. To a large extent, participation of a wide range of stakeholders in strategy
formulation increases the acceptability of politically sensitive approaches.

1.67 There has been an unfortunate tendency for water assessments, strategic plans, and master plans
to fail during (or even before) the implementation. There are several reasons for such failures, one of
which is lack of follow-up action. The recommendations should include naming the body or group
responsible for overseeing implementation of strategy. If stakeholders are included in the strategy
formulation exercise, they may be a part of strategy implementation as well.

1.68 Timeframe. This second component could take 6-18 months, depending on the country.

1.69 Choice of Options. The urgency of water resources management notwithstanding, it will probably
take some time for a government to make choices and allocate resources to implement the strategy.
Debate in the legislature or discussion among executive departments will no doubt prove a lengthy but
necessary process.
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WATER RESOURCES STRATEGY ASSISTANCE

1.70 A number of external support agencies (ESAs) may wish to offer assistance in helping countries
formulate a water management strategy; in some circumstances a considerable amount of the work
necessary to formulate a strategy may already have been completed. Putting work done in the past
together with the process outlined herein could be a useful step toward sustainable and successful water
resources management.

1.71 The cooperation and support of ESAs, NGOs, universities, and professional societies will depend
partly on a country's demonstrated commitment to the process of developing and implementing a realistic
strategy. The adoption of unrealistic and overly optimistic policies and strategies can fail to mobilize full
donor support and may be seen by donors and stakeholders alike as merely a list of wishes. This should
be avoided.

1.72 Developing countries may need technical assistance to build their capacity for the sector work
required to develop the strategies and investment programs for integrated water resources management.
One possibility to provide such assistance would be through a multilateral program for capacity-building
work in the water sector. The primary objective of such a program might be to assist countries in
building their capacity so that they may develop the knowledge, analyze the issues, and formulate the
policies and strategies for comprehensive management of the resource. Capacity-building through water
strategy formulation and water sector work would represent a new initiative; any multilateral effort in this
area should initially be considered a pilot program. A program entitled "Capacity-Building for
Sustainable Water Sector Development" has been initiated by the UNDP in close cooperation with the
World Bank and the United Nations Department of Development Support and Management Services
(UNDDSMS).

KEY AREAS FOR ASSESSMENT AND STRATEGY INTEGRATION

1.73 The following sections describe approaches to the issues and relate them to the water resources
strategy assessment process.

Institutional and Human Resources Issues

1.74 Institutions' include both the set of basic rules (laws, regulations and customs) as well as the
organizational arrangements that govern water resources management. No matter how well-designed the
laws, regulations, and organizations, however, they may be ineffective without well-trained and motivated
individuals to enforce or administer them. Two objectives are served by analyzing institutions and human

'Some authors and water resources professionals prefer a broad definition of "institution." Fox (1976) states
that an institution may refer to "either to an entity; an organization or an individual, or a rule, a law, regulation,
or established custom. An institutional arrangement is defined as an interrelated set of entities and rules that serve
to organize societies' activities so as to achieve social goals. Each nation has an institutional arrangement for
managing water resources ... " The narrower definition in this paper is meant to highlight human resources
development, a key aspect of capacity-building (see Alaerts 1991 and Okun and Lauria 1991. See also Kindler
1990).
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resources: assessing existing rules and organizational arrangements and matching them to the demands
of program implementation, and identifying means of strengthening capacity to undertake strategy
formulation on a continuing basis. Institutional and human resources analysis would examine the areas
mentioned below.

1.75 The Basic Rules. Laws and customs govern water rights, principles of water allocation, water
pricing, water quality, and public and private sector roles in the development and management of water
resources. The legal environment for the water sector comprises constitutional provisions, legislation,
government orders, reservoir rules, and long-term practices.

1.76 Regulations and Enforcement. Regulations are concerned with aquifer and groundwater
management, pollution control and reuse, land use rights related to water, watershed development,
environmental quality and pollution control standards, dam safety standards, service norms for water
supply, and financial and management standards. The effectiveness of regulations will depend on the
enforcement machinery, but also on their flexibility. Some degree of differentiated enforcement,
exemptions, delegation of enforcement, and self-regulation by stakeholders should be considered. Due
consideration must be given to alternatives to administrative measures such as pollution permits and
incentives for compliance. It is important to separate the functions of management and regulation of
water resources.

1.77 Structures. Organizational arrangements concern mechanisms for decisionmaking, coordination,
and implementation at the national and local levels. The arrangements for deciding on and changing
policies, rules, and regulations (including social and environmental action) should be among the first to
be considered. Other organizational arrangements may specify the responsibility for the physical or
technical aspects of water resources management (including operations), and a system of human resources
development that includes training and incentives for improved service orientation. Several countries are
considering changes in the public and private-sector arrangements so that central governments can deal
with necessary overall policy, supervisory, and enabling functions while local public agencies, local
government, private companies, nongovernment agencies and user groups can own and manage parts of
the water resources system. Strategy formulation is an opportunity to review the respective roles of the
government and the private sector.

1.78 The process of strategy formulation will require analyzing the institutional and human resources
capacity of agencies in the country-the government at all levels, private and nongovernment agencies,
professional and community organizations. Institutional and human resources analysis should identify
needs and opportunities for capacity-building so that the country can effectively manage its water
resources.

Information Systems

1.79 To form policies, strategies, and investment plans decisionmakers need information on water and
land use for various sectors (such as water supply and sanitation, health, industry, energy generation, and
agriculture). Decisionmakers also need information about the environmental and social aspects of these
sectors. Determining the availability or need for a wide variety of information is an important part of
phase I of the strategy formulation process. Far more important in the long run, however, is the system
by which information is collected, analyzed, and disseminated. Chapter 4 concentrates on guidelines for
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an information system assessment and for designing an information system for water. It also presents
a list of selected meteorologic and climatologic data necessary for development projects."

1.80 In order to assess and improve an information system, the ultimate requirements as well as many
other aspects should be established. This involves considering

* The types of information required for water resources management
* The technology available for managing the information
* The demand for information aside from the needs of water policymakers
* How information is generated and selected, including who owns the channels of

information and the effect on its content
* How technology can supply information to policymakers
* The costs of information transfer
* The physical components of an information system, from collection to forms of

presentation.

The expert team might assign to one group or consultant the task of studying the present and future role
of information technology in water resources development and management.

1.81 Based on experience, recommendations for improving information about hydrometric and water
supply services are likely to fall into six areas. These are: network rehabilitation, capacity-building,
improving transportation conditions, data processing, establishing a hydrological cycle observing system,
and monitoring water users, companies, and associations.

Economic Analysis

1.82 Countries are increasingly recognizing that water is not only a social and environmental good,
but an economic good as well, one that must be managed in terms of both quantity and quality.
Economic efficiency-the ability to produce the same or more goods with fewer resources-is a key
policy in most countries, one that is directly linked to the conservation of water. Price and other
economic incentives are required to conserve water and increase the efficiency of its use. Also, since
the least-cost forms of water development have largely been used in most countries, further major
investment in water will in most cases be in the area of water conservation and demand management.
Economic analysis is an essential tool to choose among projects.

1.83 The task of valuing water among competing uses is complex in most countries. Most do not or
cannot rely on the automatic reaction of market forces to determine prices; water has generally not been
allocated by market forces alone because of its common good characteristics and externalities that
distinguish it from other commodities. Pricing water based on its opportunity cost (the value of goods
or services-including environmental services-foregone by using water for one purpose instead of
another) is an ideal method, but this is not always possible because of both a lack of appropriate
information and because of uncertainties inherent in water resources management. Quantity restrictions
are generally a less efficient allocation method than prices, but can provide a shadow price. Even
measuring the volumes or units of water on which to base either pricing or quantity restrictions is not

"Guidelines for the evaluation of the existing information system are also detailed UNESCOIWMO 1988.
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possible in all circumstances or could itself call for a massive capital investment. In domestic and
industrial water systems, the price elasticity of demand is often small and hence even penal tariffs can
have limited long-term effects. For this reason most countries favor the use of a combination of devices
and direct water pricing, plus economic incentives such as fuel taxes, pumping quotas, or subsidies.

1.84 Countries should try to determine the value of water in different uses during formulating a
strategy, or perhaps use the notion of opportunity cost to value water (see chapter 5). Determining the
value of water can be a difficult task, depending on the existing economic data, for example, commodity
prices, labor costs, and input prices (projecting such data over the long-term is also very difficult).
Nevertheless lack of such data should not compromise strategy formulation. In fact, assessing data
availability is the first of the tasks the strategy formulation team should consider undertaking in the area
of water-related economic considerations. The others include

* Projecting water demand (and the country's capability for making such projections)
* Assessing the economic efficiency of existing water allocation
* Evaluating analytical methods used for water resource enquiries
* Reviewing and evaluating the ability of water pricing and cost recovery policies to meet

country objectives
* Assessing the availability and adequacy of private and public capital for investment in

water systems
* Reviewing institutional, legal, and regulatory systems.

1.85 If economic concepts and considerations are important in phase 1 of the strategy process, they
are absolutely crucial for sorting through the issues and making recommendations in phase 2. The strategy
team will need economic analysis techniques (along with application of social and environmental
techniques) to make projections, generate options, analyze impacts of various options, and choose which
to recommend to policymakers.

1.86 Another important aspect of the economics of water resources strategies lies outside the process
of formulating a strategy that is outlined in the guide. The costs of water investments are rising and the
competition for public funds in developing countries is increasing. Greater attention will be needed
concerning just how investments or projects are to be financed and sustained with adequate funding for
O&M. This is particularly true for irrigation and drainage projects and for sanitation facilities; O&M
for these have been neglected in the past.

Environmental and Health Aspects

1.87 During phase 1 (water resources assessment), the expert will identify problems and needs related
to the water environment for major river basins and for sensitive ecosystems. Existing environmental
policies, legislation, regulations, and institutions should be reviewed. In phase 2, the expert team should
identify and rank issues related to the environment and incorporate them in the formulation of strategic
options.

1.88 One environmental component of the development and management of water resources is the

effect on human health. One of the major issues in most developing countries is the quality of drinking
water and how it affects public health. National standards for drinking water can be assessed in phase
one, while establishing or revising standards or providing for their enforcement could be some of the
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options offered to decisionmakers. Projects to develop water resources can lead to an increase in the
number of organisms (vectors) that depend on water, or they can increase the contact between human
communities and vectors, resulting in increased incidence of disease. The strategy formulation process
should identify water-related health issues and consider the affect of strategic options on public health."
For example, data on drinking water quality or waterborne disease can be used to suggest a level of water
supply and sanitation investments.

1.89 There are two broad kinds of human activities that affect the water environment: water resources
development projects that directly affect stream flows, water quality, and groundwater (for example
projects for water supply, wastewater treatment, irrigation and drainage, hydropower, navigation and
flood control), and water use and other activities that affect catchment basins (for example forestry,
mining, and urban development). The assessment should examine the impact of these activities on
sensitive ecosystems (such as estuaries, coastal zones, and inland wetlands), on human health, and on
groundwater conditions. Among important elements are:

* Variation in water flows because of diversion, storage, and control of water
* Increased water runoff because of urbanization, deforestation, soil erosion, and land use

changes
* Water quality changes because of pollution at point and non-point sources
* Over-pumping, which depletes water and causes land subsidence and salt water intrusion
* A high level of groundwater water storage (sometimes caused by over-irrigation), which

often leads to waterlogging and salinization
* Water quality changes, which may have human or natural causes.

1.90 A review of environmental policies, legislation, regulation, and institutions should consider factors
influencing administrative effectiveness. These factors may be a political mandate, financial resources,
expertise, data and information, and coordination. More specifically, such a review should include
careful examination of the effectiveness of environmental policies (such as answering questions of "how
well are they articulated?" and "are they practical and achievable?"), legislation (water act, water
pollution control act, and other environmental regulations), and environmental institutions. The latter
includes reviewing the role of, for example, sectoral agencies, river basin authorities, specialized
environmental agencies and groups, donors, and NGOs. Good coordination of these agencies could
ensure the enforcement of environmental regulations and the successful integration of complex, cross-
sectoral environmental issues and the views of stakeholders in strategic decisionmaking. An examination
might identify issues concerning coordination among agencies, effectiveness of regulations and water
quality standards, procedures for controlling nonpoint source pollution, or environmental provisions
associated with water allocation decisions.

1.91 Water allocation and pollution control will probably be the most prominent issues in developing
a water resources management strategy. The analysis of the first issue should adopt the basin approach
to making allocation decisions on optimum use of water. Dealing with the latter will require
identification of major point and non-point pollution sources and loads, including information on water

and land uses, and on hydrological data, which require input from the assessment of other areas. The
assessment should identify priority river basins and geographic areas to be addressed in the short and long

"Two recent documents sponsored by WHO, FAO, and UNEP that provide guidance on health issues are Tiffen
1993 and Birley 1993.
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term in water strategy, and priority investment needs for pollution control infrastructure and techniques.
Other non-physical control measures, such as standards, permits, penalty, courts, and incentives should
be sought or evaluated for waste discharge control and monitoring. The priority environmental and
institutional issues identified in the country water resources assessment and strategy should then be
integrated into the country's environmental action plan.

International Aspects

1.92 The sharing of international waters and collaborative programs between riparian states to develop
them is becoming of great importance almost throughout the world. For example, the principal surface
water resources practically all countries in continental sub-Saharan Africa are international. In the former
Soviet Union several major rivers have become international with the partition of that country into
numerous independent states.

1.93 Water resources assessment for international rivers can be carried out by each riparian using a
set of boundary conditions. Eventually, however, the several assessments of each riparian have to be
integrated into an overall river basin assessment, hence the merit of joint assessments. In some situations
such as in countries that embody only a small part of the total catchment area of the basin or in adjoining
countries where the river forms the boundary, separate assessment may have little value.

1.94 The need for a good data and information base is even more important in international river
basins if disputes are to be avoided and the environment is to be protected. The quality of data is
particularly critical in arid zones that are subject to periodic droughts where the operational arrangements
for sharing shortages between states needs clear definition.

1.95 It is usual to form some kind of jointly owned river basin organization (RBO) to act as a central
clearing house for a number of activities but notably for planning, water sharing, and the preparation and
execution of jointly-owned projects ("common works"). In such cases it should be the mandate of the
RBO to carry out the type of assessment described in this guide.

1.96 The uses of the waters of international rivers is governed by the now widely-adopted Helsinki
rules that embrace the concept of a drainage basin as an economic and geographical spatial unit within
which the water resources are treated as the common property of all basin states. Furthermore, each state
is entitled, within its territory, to a reasonable and equitable share of the water and is obliged not to
develop projects that would cause appreciable harm to another riparian state. In some circumstances
transboundary aquifers can also be treated as international drainage basins.
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Part II

ISSUES IN COMPREHENSIVE WATER RESOURCES
MANAGEMENT





CHAPTER 2 INSTITUTIONAL AND HUMAN RESOURCES
ISSUES

2.1 In this paper, the term "institutions" refers to both the set of rules governing water development
use and the specific organizational arrangements involved in the formulation and implementation of water
resources laws, policies, strategies, and programs. Together, these rules (that is, the laws and
regulations) form the "enabling environment" for water resources management. Changes in the rules,
organizational arrangements, and means of human resources development may be required to effectively
translate water resources management policies into an action program. These changes should help to
implement policies and should provide incentives for improved performance in terms of water resources
planning, allocation, and operations management. Sound institutions along with high-quality human
resources are the best assurance of achieving water sector objectives.

2.2 The strategy formulation process is an opportunity to evaluate whether institutions and human
resources programs in a country effectively serve the country's water resources management goals. An
evaluation of the set of rules is an opportunity to consider both the social norms that govern water supply
and use as well as whether explicit policies, laws, and regulations are sufficient. A review of
organizational arrangements can reveal whether existing or recommended rules can be enforced; it is also
a chance to consider ways of involving community organizations, water users, or professional associations
in the planning and management of water resources. Finally, human resources development is an
opportunity to look at supply and demand for key personnel as well as elements such as education and
training, employment, career structures and incentives. Because strategy formulation must remain a
manageable process, all of these issues will probably not be addressed in great detail but a direction may
be set. Examining organizational arrangements and human resources development above all directly
address the issue of capacity-building in developing countries.

2.3 Water resources management strategy is country-specific. Analysis of institutional and human
resources should pay special attention to a country's culture in terms of its legal framework, the mix of
public and private sectors, educational and manpower development policies, and traditional modes of
organization. In some cases, religious beliefs direct a certain code of conduct with regard to society's
management of natural resources. Therefore, in the analysis of institutions, particular care should be paid
to social and cultural practices governing the use of the resource.

2.4 Institutional analysis should lead to:

* An inventory of information
* Identification and analysis of key issues
* Development of options in terms of the legal and regulatory framework, and

organizational arrangements and human resources requirements to achieve desired policy
goals.

ASSESSMENT AND INSTITUTIONAL ANALYSIS

2.5 The starting point for institutional analysis is a country's water resource policies. Such policies,
for instance, could include strengthening public regulatory functions (especially regarding the
environment), developing rational pricing of water, or decentralizing operations management of water
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resources to the level of a river or drainage basin. Certain broad directions reform are visible in the
developing world. For example:

* The roles of the government and the private sector are being redefined. In the past,
governments generally have provided many water planning and management services.
Increasingly, countries are experimenting with a wide array of organizational
arrangements where the government retains overall planning and regulatory functions
as well as management of major water structures (such as reservoirs and dams). Delivery
of services, however, is being decentralized to the lowest level possible. The Philippines
has experimented with a semi-autonomous national agency for irrigation management.
More recently, Indonesia has initiated a process of transferring O&M (O&M) functions
in small irrigation schemes to users. Mexico has launched an ambitious program of
transferring the management of entire irrigation districts to water users. Chile and Peru
are contemplating or have implemented policy reforms to transfer water rights for users
and legal trade of those rights. Cote D'Ivoire, Guinea, and Argentina, among others,
have experience with private water supply companies for major cities. A number of East
European countries have also recently privatized water supply services in a number of
medium-to-large towns.

* The need to incorporate environmental considerations in the planning and management
of water resources both at the sectoral and at the project levels is being widely
recognized. This implies efforts to introduce legal, regulatory, and organizational
changes to address concerns related to water flows, land and water quality, aquifer
monitoring, and pollution control. Chapter 6 on environmental and public health aspects
and human resources discusses some institutional factors.

2.6 The following institutional aspects should be addressed during strategy formulation.

* Laws and customs governing water rights, principles of water allocation among various
uses, water pricing, and private sector participation

* Regulations concerned with surface water, aquifer and groundwater management,

(especially pollution control and reuse of these resources)

* Organizational arrangements such as mechanisms for coordination at the national,
provincial, and local (basin) levels, These should specify the responsibility, authority
and accountability for planning, regulation, and operations. Such arrangements should
also include a system of human resource development incorporating education, training
and incentives for improved service.

WATER RIGHTS AND LEGISLATION

2.7 Water rights have generally originated from historical use and have been sustained over time by
custom, sometimes confirmed by specific legislation or constitutional decree. In many cases, the nature
of water rights is vague. In some cases, government orders or notifications may substitute for law, as
in the case of operating rules of a reservoir that may determine water allocation for different uses. The
question of whether a formal establishment of rights is warranted is a question for the strategy
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formulation process. It must be remembered that once rights are conferred it is not easy to withdraw
them. Any new system of conferring rights should also pay attention to equitable allocation among users,
including their access to relevant information.

2.8 The system of rights may include the right to trade water. Irrespective of whether formal rights
exist, informal markets for water can be observed in various countries. Specific written or verbal
contracts may govern water trading; this is often the case of trades between irrigation organizations or
between such organizations and other users. Lack of extensive irrigation infrastructure restricts
conveyance capacity and may restrict the tradability of water. In the case of drinking water supply in
the cities, however, there is extensive evidence of the population's willingness to pay for water supplied
by private vendors. The assessment portion of the strategy formulation process is an opportunity to
record the existence and spread of such practices and to determine whether they help meet a country's
goals and water-related policies.

2.9 Laws also will usually specify the entity responsible for managing water resources and assets in
the sector. Usually, a range of ownership and management entities will be found in a country; these
include the central and provincial governments. Other managers of water resources and infrastructure
include semi-autonomous public agencies (such as river basin commissions), private companies,
cooperatives, and user organizations. The nature and type of governance and administration of these legal
entities, including their accounting and audit procedures, should be of central interest to institutional
assessment. For instance, in some cases, existing laws of incorporation may hinder the transfer of
ownership or management from government to other agencies.

2.10 Conflicts and conflict resolution are inherent in any sharing of resources. Conflicts may be
resolved by interpersonal means, local community organizations, government agents, or the courts. In
the case of international or interprovincial waters, allocation rights and conflict resolution procedures
would be part of agreements and treaties, an aspect dealt with in chapter 7. Identifying mechanisms that
will not only resolve conflicts but also prevent them could be important. In this regard, existing
community practices for dispute resolution would be an important area of inquiry. Experience with
water rights in some developed countries suggests that it is important to forestall an expensive litigious
process of dispute resolution through the courts, where cases may be tied up for long periods of time.

REGULATIONS, ADMINISTRATION, AND ENFORCEMENT

2.11 The enforcement of water legislation and policies depends on the relevance of the regulations and
on the administrative machinery required to ensure compliance. For instance, in many countries, the
regulation of groundwater is weak. Siting restrictions for pumps are either absent or poorly enforced.
Aquifer monitoring to alert decisionmakers about the drawdown levels is often absent. Special attention
will be needed during the assessment to collect and analyze information about groundwater regulation and
its enforcement. A principle to remember in this context is that regulatory functions should be separated
from operations. The same agency should not implement a program and regulate it.

2.12 Water regulations might cover land use rights related to water management, watershed
development, environmental quality and pollution control standards, dam safety standards, service
standards for water supply, and financial and management standards.
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2.13 The administration and enforcement of these regulations depends on adequate institutions. A
study of the effectiveness of the present enforcement capabilities is a necessary part of the assessment.
A reconsideration of regulations may follow such an analysis. For instance, in one case, it was discovered
that the recruitment of additional personnel to pursue regulatory compliance would result in a net loss
since the additional benefit was estimated to be less than the additional staff costs that would be incurred
for monitoring and collection. In such instances, innovative mechanisms such as pollution permits may
be required (where market conditions prevail). International experience of basin-level environmental
management through a system of levies and subsidies may be worth careful study.

ORGANIZATIONAL ARRANGEMENTS

2.14 There are five broad areas of organizational responsibility for water resources management: (a)
planning and coordination, (b) design and construction, (c) regulation, (d) social and environmental
action; and (e) operations management. The government can use a range of instruments to discharge
responsibilities in these areas. It is impossible to prescribe the best formula for organizational
arrangements for all contexts. The ultimate organizational form will have to suit the country's own
political, cultural, and administrative norms and practices. However, three major considerations should
be kept in mind:

* Do present organizational forms violate some principles such as separation of operations
from planning and regulation?

* Does government involvement in all of the areas above lead to effective management?
If not, what are the priority areas for government involvement?

* Are financing arrangements for capital and operations of water services appropriate?

2.15 Planning at different levels is needed for effective water resources management. Planning
involves (a) collecting data on water quantity and quality, (b) properly analyzing and disseminating the
data, (c) establishing water supply and demand balances, (d) identifying areas for long-term water
development and management at the national, provincial, or basin level, and (e) determining drought and
flood protection needs. Chapter 4 on information systems elaborates on the requirements in several areas.
Chapter 3 on stakeholder participation describes the need to involve key participants in the water sector
in the planning process. For institutional analysis, the focus should be on assessing the effectiveness of
planning agencies and mechanisms for ensuring technical inputs, economic analysis, and stakeholder
participation. Institutional assessment would also focus on evaluating the capacity of existing institutions
to undertake water planning exercises on a continuous basis to update and analyze basin and other levels
of data.

2.16 Design and construction has been a major activity of many water resources agencies. This is a
specialized technical function that has long been a source of power and pride for these agencies.
Increasingly, however, emphasis is being placed on management of resources rather than on new
construction. This specialty is being de-emphasized in many water departments. The transition from a
civil works to a water management agency is difficult and is fraught with political and organizational
pitfalls. The water resources assessment should carefully evaluate the future direction of water agencies.
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2.17 Coordination is a key aspect of planning and management. Several economic sectors and many
water users are involved in water allocation and their actions needs to be coordinated within an overall
water resources management framework. The question is how to bring the sectors together. Some
countries have established inter-ministerial water councils for planning purposes, with leadership from
planning or finance ministries to avoid the bias of a particular user sector (such as irrigation, which is
the dominant sector in many cases). These councils also include representatives of the community at
large to ensure participation of nongovernment organizations and trade and professional associations.
Similar mechanisms can also be established at the level of river or drainage basins. These mechanisms
are essential also for water regulation to ensure, for instance, that groundwater exploitation is not to the
detriment of the overall basin.

2.18 Effective means of regulation and enforcement are required at local and higher levels so that the
interests of all parties are protected and reconciled. For instance, timing of water delivery is a crucial
question for irrigators and water release dates would have to be agreed to in consultation with irrigators,
power utilities, and municipalities. Coordinated management action is important with respect to surface
and groundwater.

2.19 Many recent critiques of the water sector have pointed out the poor attention to operations
management and maintenance of water resource systems. As a result of this lack of attention, water
services are unreliable, often inequitable, and inflexible. Some of the reasons for poor performance are
technical and financial. In the developing world, capital development often is financed by the treasury,
and water-related operations fees are collected by another arm of the government and channeled to the
treasury. Separately, resources are allocated for the operations budget of the water agency. This results
in a dichotomy between payments for water services and expenditures on them. When this link is
tenuous, the incentive to improve system operations is limited. Also, the overall lack of emphasis given
to O&M because of the preoccupation with new construction contributes to poor performance.

2.20 The question of restructuring incentives in the irrigation and municipal water supply and other
water-related sectors is, therefore a crucial institutional question. A number of alternatives to government
provision of service are available. The "utility" model is one which focuses on a single purpose of
delivering a measurable service to users. The water supply agencies in the developed and in some
developing countries come close to this model. Various types of private sector participation are possible.
Service contracts empower a contractor to provide a specific service. Management contracts ensure that
the contractor assumes responsibility for managing, operating, and maintaining all or part of a water
system. Lease contracts provide rent for the facilities with the contractor assuming full responsibility for
operations. Concessions add a level of responsibility to the contractor in that he invests in additions to
capital facilities and is responsible for associated debt service. "Build, operate, and transfer" programs
require a public or private agency that builds and operates the facilities after commissioning, and then
hands over the management to a designated, often community, agency. A variant on this is the "build,
own, operate, and transfer" program, where temporary ownership of the facility by the builder may have
favorable financial consequences. User organizations that contract with a government agency or manage
a certain part of the water system are another option.

2.21 Institutional analysis during the water resources assessment phase of strategy formulation affords
an opportunity to examine the participation and roles of nongovernment organizations in water resources
planning and implementation. Representatives of these organizations should be included among the
stakeholders consulted during the strategy formulation process, because they may ultimately be involved
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in strategy and project implementation. Two types of NGOs with a useful role to play are community
organizations and professional associations.

Community Organizations

2.22 Economic development is rife with projects that were clearly needed, adequately financed, well-
designed, and entirely serviceable but that were eventually abandoned because the stakeholders
(particularly customers) who were ultimately responsible for the viability of the project felt no
"ownership." Often, this is because they were not involved in any stage of the planning process. Success
stories almost always involve tales of active local community leadership and participation.

2.23 It is appropriate for water projects to include funds for the institution in charge of the project to
support one or more consumer or user organizations that would institutionalize the assessment of customer
needs, ability, and willingness of potential customers to pay, and ascertain their preferences with regard
to levels or reliability of service. An understanding of the readiness of water users to support a project
is essential, and the establishment and financial support of a consumer organization would pay for itself
by avoiding costly missteps at the outset.

2.24 The role of women in user organizations has been shown to be instrumental in the success and
in the sustainability of water supply and sanitation projects. The reasons are easy to understand: in the
absence of water supply and sanitation facilities it is women who spend substantial portions of time
carrying water and whose quality of life in the home and in the field is most affected by the availability
or lack of water and sanitation facilities. Women have a stake in the improvement of water supply and
sanitation facilities and in irrigation facilities as well. Capacity-building at the local level cannot succeed
without the full participation and leadership of women.

2.25 While most other interventions in capacity-building have been appreciated, if not often
implemented as fully as they should be, a responsibility for the establishment and utilization of community
or user organizations is relatively new and requires new insights and, what initially may be
uncomfortable, new practices. If fiscal responsibility is to be expected, users need to be involved early
in the planning.

Professional Associations

2.26 National and international nongovernment professional associations have long played an important
role in enhancing the capacity of industrialized countries in the water sector. They have contributed in
many ways:

* They provide a forum for reporting and updating technical knowledge in the sector and
making it available to professionals in the field through publications, conferences, and
short courses.

* They work with national decisionmakers in defining policy and setting standards of all
types.
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* They can provide a link between public agencies, consultants, manufacturers, industry,
and the public.

* They promote national and international exchange and cooperation in training, research,
technology, and in sector development.

2.27 While well-established in the industrialized countries, professional associations are weak in most
developing countries. Important contributions to national capacity-building in the water sector can come
from initiatives by international professional associations that in general are dominated by representatives
from the industrialized countries.

2.28 National associations in the industrialized countries reach out to assist like types of associations
in the developing countries by making special arrangements for distributing their publications which,
because of foreign exchange difficulties, are generally not easy to obtain. External support agencies can
assist financially in the distribution of publications by working through their own national professional
associations in reaching associations in developing countries.

2.29 Examples of professional associations include the International Water Resources Association,
which deals mostly with irrigation and drainage issues, the International Water Supply Association which
operates on technical issues in the water supply subsector, and the International Association for Water
Quality which covers the sanitation subsector. The International Commission on Irrigation and Drainage
assists national associations involved in agricultural irrigation.

International Support

2.30 Institutions can enhance their capacity through active participation with the many specialized UN
agencies that offer technical assistance as well as financial support in the water sector. These include the
UNDP, The World Bank, the UN Department of Economic and Social Development, UNEP, UNESCO,
the Food and Agriculture Organization (FAO), WHO, and WMO.

2.31 In addition, the regional development banks, the many bilateral agencies, and the large number
of private voluntary organizations can assist countries developing their water resources.

HUMAN RESOURCES DEVELOPMENT

2.32 Capacity-building depends on adequate institutions and institutions depend on human resources.
An ideal institutional structure with poor personnel has less potential than an ungainly structure with high-
quality people. Both success and failure have come from all types of institutions but high-quality human
resources staffing and sound institutions are the best assurances of a country's capacity to achieve water
sector objectives.

2.33 Estimates of both available and required skills should be made during the water resources
assessment. Training needs should be geared to long- and short-term institutional objectives. General skill
areas that could be evaluated include technical (for example, fisheries specialists, hydrologists, and
toxicologists), managerial, and cross-disciplinary skills (for example, ecologists).
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2.34 Education and training of personnel at all levels are essential elements of a human resources
development program. The worth of training may be eroded, however, if individuals are placed in an
environment that does not utilize or support their education. Human resources development involves
employment practices, career structures, and professional and financial incentives.If better performance
as a result of commitment or training is seen to be rewarded by increased pay and by an invitation to a
higher level of training and then greater responsibility, the individual will make much greater effort than
if the training and its rewards are perfunctory. Staffing patterns must be well understood and
opportunities for promotion enlarged, commensurate with merit. Expertise in human resources
development could be employed on the permanent staff of large institutions or as consultants to smaller
organizations.

2.35 Many water-related educational, research, and other tasks can be commissioned to local
universities and other educational institutions. This helps the educational institutions obtain and retain
staff in the water sector. A common practice is to have a utility provide the university with funds for
professional students to undertake tasks important to the utility. The university, the student, and the
utility all benefit.

2.36 Also among education and training resources is the International Training Network (ITN), which
provide resources that can assist countries in their own training efforts. The ITN is a product of the
UNDP-World Bank Water and Sanitation Program; it currently has nine members in Asia, Africa, and
Latin America.
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CHAPTER 3 STAKEHOLDER PARTICIPATION

3.1 Stakeholders are people and organizations that are concerned with or have an interest in water
resources. Water users, water providers, and those with an interest in water-related issues (for example,
professional and nongovernment organizations) all have a stake in the decisions made in formulating a
water resources strategy. The participation of such people and organizations in the process of designing
and implementing water policy, strategy, and projects is very important. Including stakeholders from the
very beginning of strategy formulation can help to gather information, to clarify the goals of policy, and
to create a sense of commitment or "ownership" that can help to implement water policy and projects.
While policies or processes seldom satisfy everyone, stakeholder participation lowers the risk of a large
gulf occurring between the design and the implementation of water sector policies or projects; without
it, the risk of policies and projects operating in a suboptimal or ineffective manner grows.

3.2 This chapter suggests principles and techniques as well as minimal and ideal approaches to
stakeholder participation that can be used in and tailored to specific countries. Forming a strategy for
water resources should be undertaken within the context of a country's broad development goals, and
each country will of course have its own cultural norms and political accountability. Participation will
display different characteristics in each culture.

DEFINITION AND BENEFITS OF STAKEHOLDER PARTICIPATION

3.3 Many water resources policymakers and project managers are familiar with the concepts and
techniques of community involvement in water resources projects, at both the design and implementation
stages. Stakeholder participation in formulating a strategy for water resources management has many
similar aspects. The variety of stakeholders in national water resources policy is of course broader than
the interested parties in a local community, as is the variety of issues. Stakeholder participation is the
process of involving those who are affected by and who have an interest in water resources in the
formulation of water strategy. It is a two-way communication process that explicitly seeks to identify and
to clarify the interests at stake in decisions with the ultimate aim of producing a well-informed water
management strategy that has a good chance of being implemented. Stakeholder involvement should not
be simply an adjunct to the analytical aspect of water sector strategy development. It should be a integral
part of the process of developing a strategy mainly because it would

* Assure that alternatives serving a broad range of interests are considered

* Help to gather data or information, identify gaps in data or information, and identify
those who might provide data or information in the future

* Provide transparency and accountability regarding both decisions taken and the process

by which those decisions were taken

* Accustom stakeholders to the fact that some difficult choices may have to be made in
order to manage water resources effectively
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* Build a broad base of commitment to options by creating an environment that rewards
the realistic discussion of benefits, risks, and costs of options and that provides a
meaningful basis for informed consent to recommendations

* Help to identify options that are foreclosed and those to be maintained at critical decision
points

* Increase the probability that projects can be implemented and that they will bring the
desired return on investment.

3.4 At least two activities are involved in stakeholder participation: identifying stakeholders, and
securing stakeholder participation in the work of producing a water resources strategy. These are both
analytical and procedural activities; one without the other would probably be ineffective. Building
commitment to and ownership of water strategies will depend on satisfying interested parties in several
ways: substantive, procedural, and psychological. There is the substantial risk that involving stakeholders
can turn into a politicized confrontation of interests, but if the process is well managed (that is, if
stakeholders have an appropriate level of involvement, and if the emphasis is on developing joint options
instead of only choosing among predetermined options) this risk can be avoided.

WHO ARE STAKEHOLDERS?

3.5 Stakeholders can be individuals, organizations, or groups. Stakeholders include (but are not
limited to): (a) public sector agencies involved in water resources (for example, departments of
agriculture, industry, transportation, and recreation), (b) various levels of public sector agencies in the
water sector (state, regional, local), (c) private sector organizations and companies with water interests,
(d) environmental and other professional nongovernment organizations, and (e) representatives of those
people likely to be effected, specifically including people who may have little knowledge of the effects
of strategy and who may lack the means to participate.

3.6 A variety of methods can be used to identify stakeholders. Three of the simplest approaches are
self-identification, third-party identification, and identification by the strategy team. Self-identification
simply means that individuals or groups step forward and indicate an interest in participating. Third-party
identification uses knowledgeable parties such as existing advisory committees, informal or formal
community leaders, and representatives of known interests to suggest people or organizations that should
be included. Identification by the strategy team relies on the team systematically identifying and
approaching stakeholders. Social impact assessments, environmental assessments, financial analysis, and
gender analysis can all help to identify stakeholders. The team should identify those parties essential to
implementing projects, those who are benefitting or will benefit from water projects, and those who are
bearing project costs. Most important, people who would be affected by water strategy but do not yet
know they will be affected should be identified. Stakeholder participation is a means of giving them a
voice.
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LEVELS AND TECHNIQUES OF PARTICIPATION

3.7 Different stakeholders will seek different levels of involvement. The water sector strategy team
must discern what level of participation is appropriate to the various decisions that must be made in
formulating a strategy. Stakeholders with substantive knowledge or professional competence might be
members of the strategy team itself. Not all stakeholders need to be involved or can be involved in the
same way or at the same intensity during the entire formulation of a water resources strategy; levels of
involvement may change during the during the process. The levels of participation can be seen on an
increasing scale as

* Having knowledge about a decision (listeners, observers)
* Being heard before a decision (reviewers, advisors)
* Forming and agreeing to a decision (originators and decisionmakers).

Listeners are those who need to be informed but do not feel a need to be actively involved in policies and
projects. Observers, while not actively involved, are watching the policy assessment process and may
become active if access to information is cut off or if they are surprised by events in the assessment.
Reviewers actively watch the assessment process and will review ideas and materials. Advisors contribute
their own time and energy and are willing to be actively involved. Their high level of interest and
concern must be matched by equally high commitment and efforts by the water strategy team.
Originators are so involved that they help create options. This is a high level of involvement and may
be difficult to sustain. Decisionmakers are stakeholders who seek a level of involvement where they have
a vote in or some control over the decisions made.

3.8 Figure 3.1 displays levels of involvement with examples of participation techniques appropriate
to each level. The lower levels of participation are characterized by traditional public information
programs and public hearings. These are typically techniques that emphasize one-way communication.
Moving up, techniques such as task forces, workshops that may involve a neutral person to keep them
focused (a facilitator), and collaborative problem-solving are emphasized. Typically these are techniques
that emphasize two-way communication and often use the neutral assistance of facilitators to help shape
the process, but not the substance, of dialogue. The high end of the scale includes structured techniques
designed to produce consensus, agreement, or resolution, such as conciliation, mediation, and arbitration.
Using a technique at the low end of the scale, such as providing public information, should not
necessarily be expected to produce the results indicated at the high end, such as significant interaction
or agreement.

STAKEHOLDER PARTICIPATION DURING STRATEGY FORMULATION

3.9 The strategy team might consider using citizen advisory and technical advisory committees. The
team should be clear about the role of such committees. The team could easily rely too much on
committees and not attempt to reach directly more stakeholders. Also, such committees can begin to
function beyond the control of the water strategy team. One interesting form of citizen committees is a
planning group (also known as a planning cell). Like advisory committees, planning groups may be
expensive. In a planning group, a cross-section of stakeholders is chosen randomly. These people come
together to work on a problem or policy issue for a short period. They are often paid and should have
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Figure 3.1 Levels of Stakeholder Participation and Examples of Participation Techniques
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full access to key information and to decisionmakers. Their activities are highly visible; at the end of
the process they may produce a report to be considered by decisionmakers.

Phase 1

3.10 Phase 1 of formulating a water sector strategy is preparing an inventory of information and
experience while identifying and analyzing the major issues in the water sector. In general, this phase
should also include examining the interests and positions of the various stakeholders as well as their
perceptions of the issues. To help this process, the strategy team may wish to prepare a grid or chart with
the identified stakeholders listed in one column and four other columns reserved to outline each
stakeholder's issues, positions, interests, and options. These terms can be defined as follows.

* Issues are matters or questions stakeholders disagree or agree about that can usually be
stated as problems. Issues may be substantive (related to time, budget, or compensation,
for example), procedural (concerning the way discussions are handled and the way
decisions are made), or psychological (related to the effect of a proposed action).

* Positions are statements by a stakeholder about how an issue can or should be handled;
they can also be proposals for particular solutions.
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* Interests are specific needs or conditions that must be met in an agreement for a
particular party to be satisfied. Interests may refer to content, to specific procedural
considerations, or to psychological needs.

* Options are possible solutions that address the interests of one or more stakeholders.
There may be more than one way to satisfy interests.

3.11 If positions become the early or primary subject of discussion, too much effort may go into
defending them. If interests are the main focus, stakeholders and the strategy team are more likely to
develop options jointly, which is critical to fostering ownership. As the water strategy process moves
into phase 2 (identifying, evaluating, and choosing options), the key to building agreement may lie in
expanding options and moving beyond trade-off analysis. This is best achieved with collaborative
techniques that ask stakeholders to examine the interests behind positions.

3.12 At minimum, the water sector strategy team should go through the exercise of deciding what
information is needed from and what information should be given to various stakeholders. Also, public
awareness should be generated at the start of the process.

3.13 An ideal way to begin the water resources assessment process would be to hold a series of
meetings to identify public needs. Such meetings would be a cost-effective means for the strategy team
to map the range of issues, interests, and positions they must examine; the meetings could also help form
a positive relationship with stakeholders. They also often identify data and studies not readily available.

3.14 The water sector strategy team might think about stakeholder assessment in the terms outlined
in table 3.1. Working through an outline of participation similar to table 3.1 would not only clearly
define the levels and techniques of stakeholder involvement; it could help team members to clarify and
agree to strategy objectives and to define the process to achieve those objectives. Thinking about
stakeholder participation carefully at the beginning of the strategy process can also define indicators of
progress that the water strategy team will be able to use as it proceeds. In table 3.1, the columns headed
"Information from Stakeholders" and "Information to Stakeholders" will help to define what is needed.
The last two columns will help to identify stakeholders and techniques of involvement. More information
about such techniques can be found in the volumes listed at the end of this chapter.

3.15 Stakeholder involvement can be particularly valuable in providing and reviewing available data
and determining priorities for data-gathering. Stakeholders are the best judges of their interests, and are
thus often the best sources of data about their interests. Since they will ultimately have some say in the
viability of water policy options and since that discussion will to some degree revolve around data issues,
early stakeholder agreement about the information base will be critical. Even if stakeholders produce data
similar to that from other sources, their involvement will produce some affiliation with the data base.
Because an ideal data base can be fashioned only rarely, stakeholder participation will help to decide
which gaps in the data base are most important to fill. This approach is likely to produce conflicting data.
Conflicting data can provide an incentive for explicit interest-based negotiations that can help avoid to
avoid the illusion of building an objective or neutral data base only to find it attacked at the end of the
water sector strategy process.



Table 3.1. Information and Stakeholder Participation

Information From Information To Scope of Likely
Phases Major Processes Stakeholders Stakeholders Stakeholders Techniques

Inventory Stakeholders to be
Phase I informed

Stakeholders from
whom to gain
information

Identification and Stakeholders to be
Analysis of Issues informed

Stakeholders from
whom to gain
information

Assessment Agreement
Checkpoint

Alternative Stakeholders to be
Phase 2 Scenarios informed

Stakeholders from
whom to gain
information

Evaluation of Stakeholders to be
Scenarios informed

Stakeholders from
whom to gain
information

Source: Author.
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3.16 In the identification and analysis of issues, it is important to go beyond a list of needs and to
understand the interests behind those needs. While representatives of stakeholders can provide a list of
issues, needs, and priorities, the assessment should go further and try to reach stakeholders directly. The
most effective method at this stage is focused workshops that are attended by the water sector assessment
team. At least one workshop where ideas are exchanged should be held during both phase 1 and phase
2 of the strategy process. If time and resources do not permit, some form of focus group can be
effective. Analytical tools such as questionnaires and surveys can be helpful but are fraught with danger.
They are expensive and give only a "snapshot" of attitudes; also, they can encourage the idea of finding
an empirical majority view at a moment when the sector assessment team needs to discern the intensity
of feelings and not just a majority view. Surveys and questionnaires can be most effective when used
together with more direct participatory techniques.

Between Phases 1 and 2

3.17 Between phase I and phase 2, the strategy team and decisionmakers must take stock of results
and decide whether they should proceed with the water sector assessment. This is an important juncture
for stakeholder participation. The team should seek clear direction, if not agreement, from stakeholders
about the path of the assessment. Public meetings or workshops (possibly using mediators or facilitators)
attended by the sector strategy team, decisionmakers, and stakeholder representatives are most effective
at this point. Between phase 1 and phase 2, the water strategy team could also hold a series of evaluation
workshops. These could help the team determine if the strategy process should proceed and whether
more information is needed, as well as giving some early indications of what type of options and
scenarios should be used. In addition to water sector strategy team members, government officials should
participate in such workshops. Between phases one and two some public announcement should be made
about the decision to proceed and why the decision has been made.

Phase 2

3.18 Phase 2 begins by developing options. This is a phase where stakeholders could contribute
creatively. Stakeholders and team members should review what they have learned. They should then
develop options. In this fashion the number of strategic options can be reduced, but the range of values
represented by those options can be increased. This can be done using small workshops and selected
stakeholder representatives.

3.19 Once options have been developed, they should be evaluated using both process and analytical
techniques. Delphi techniques-where stakeholders are asked to independently create and evaluate options,
which are given back to them for reevaluation-could be used to narrow the range of opinions about
options. This process should continue until some areas of agreement emerge. Selected interviewing of
stakeholders in conjunction with other analytical approaches can be effective. Also, focus groups are
good routes for stakeholder participation at this stage. Simulations and other decision-support tools have
opened new possibilities for meaningful stakeholder participation. These tools will offer some of the best
ways to evaluate a variety of options. Assisted negotiation techniques (mediation, facilitation, and
collaborative problem-solving) can also be used at this point.

3.20 Public meetings or hearings are appropriate at the conclusion of phase 2. If there has been
effective participation, few surprises should emerge at this stage; perhaps there will be agreement on
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proposed actions. At minimum, these meetings would affirm areas of, and reasons for, agreement and
disagreement.

PRINCIPLES FOR PARTICIPATION

3.21 The various participation techniques mentioned in this paper and in the sources at the end of this
chapter can of course be used in both phases of the water sector strategy process. Obviously, several
techniques can be used in all or many phases. Stakeholder participation is as much an art as a science,
and considerable judgement is required. The following are principles or lessons learned that can help
choose appropriate techniques of participation.

* If people share the process of generating alternatives, they are more likely to make
realistic decisions among alternatives.

* Frequently, the way something is done builds trust and legitimacy. It is not just the final
answer but the way the answer was obtained that can make a difference. To arrive at
strategies that people will implement, individuals must be satisfied procedurally,
psychologically, and substantively. Participation is an attempt to build trust and
communicate openness and concern throughout the strategic assessment process.

* A participation program must be visible at all times. Sometimes this is difficult when
there are long periods between meetings and workshops. With new technical data,
interactive computers and decision support systems, the time between actions can be
shortened. The main point, however, is that some appropriate level of publicity without
over-saturation should be maintained. Public access to databases should be considered.

* Professionals, scientists, and experts should know the limits of their expertise. Too
often, political and value judgments are presented as objective, value-free, opinion.
When this occurs or when "value-free" numbers change frequently, professional
legitimacy and expertise will be questioned. Stakeholder participation processes
encourage the professional and scientific community to move beyond such adversary
science.

* Professional expertise should be used to create options, not to eliminate them.
Participation tries to foster contact between technical expertise and values expressed by
stakeholders. A properly designed participation process can produce alternatives that
are technically sound and that had not been conceived by either the technical experts or
other participants.

* Technical jargon can be exclusive rather than inclusive. Technical people must use
language that can be understood. This simple advice is often ignored.

* Professionals need to understand how to read the feelings and to discuss the relations
between facts and feelings. Feelings offer critical information.
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* One of the aspects of participation programs can be the lack of understanding of which
decision is going to be made by whom at what time. It is therefore a good idea to
identify clearly those decisions that need to be made. A prerequisite to good
participation is that an agency or professionals understand which decisions are going to
be made by whom and in what fashion, and then to communicate this to stakeholders.

* It is important to look at the range of values represented, not just at the number of
people. Too frequently the design of a participation process degenerates into a numbers
game. The key is to identify the basic values at stake, to understand the conflicts that
have emerged, and to find technical alternatives to problems.
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CHAPTER 4 INFORMATION SYSTEM ISSUES

4.1 A water resources information system plays an important role in estimating the quantity and
quality of water available as well as the current and prospective water use and demand patterns. Each
country or drainage basin has its own hydrological and economic characteristics. Strategy should be
tailored to meet specific national or basin characteristics and development priorities. There are issues
common to all countries, however; it is therefore useful to present ways of approaching common issues
in water resources information systems and how to address certain matters in order to develop a water
resources management strategy. The goal of this chapter is to assist developing countries in preparing
an assessment of their information system in order both to develop a water resources management strategy
and to design or improve a system.

4.2 The information system covers not only the collection and analysis of data but how it is
disseminated. Water strategy formulation should include an examination not only of which data is
available, but how it is collected, analyzed, and shared. Information is an issue in many of the aspects
of comprehensive water resources management, particularly institutional, international, and economic
areas.

JUSTIFICATION AND RATIONALE

4.3 A clear need to allocate water more efficiently to meet specific national objectives elevates the
importance of information systems for water resources. The need to modernize an information system
normally arises at a stage in the development of water resources when some of the following
characteristics manifest themselves: (a) there is an increasing scarcity of water, resulting in unacceptable
competition and conflict, (b) riparian rights are becoming a major issue, (c) costs of developing new
water supplies are rising (there are diminishing returns from water control by storage, and rising
opportunity costs of storing, diverting, or transferring water), (d) the economic values of stream flows
are increasing, (e) national budget deficits are high, (f) environmental and health concerns are increasing,
(g) floods and droughts are prevalent, (h) an unstable climate puts sustainable economic development at
risk.

4.4 When the efficient allocation of water depends on the analysis of more information than the
government has, there is an acute need to evaluate and improve the water resources information systems.
Uninformed or inadequate decisionmaking will eventually paralyze both the public and private sectors as
different economic sectors or different countries compete fiercely for water. In such circumstances,
economic development cannot be sustained. In addition to helping form a strategy to manage water,
information technology with its "decision-aiding systems" can assist the efficient management and
allocation of water in rapidly changing supply and demand conditions.

4.5 Decisionmakers will be able to form better sustainable water resources management strategies
if they are provided with credible historical information on water resources. Implementing strategies will
depend on timely information for day-to-day management decisions. Water information, blended
interactively with information from other areas (for example, the environment, health, industry, energy
generation, agriculture, urban) will help build consensus among all those areas.
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ELEMENTS OF AN ASSESSMENT OF A WATER RESOURCES MANAGEMENT
INFORMATION SYSTEM

4.6 In order to develop a water resources management strategy, the ultimate requirements for an
information system as well as many other elements of the system should be examined. The six main
physical components of an information system are: (a) a data collection system, (b) a data transmission
system, (c) data storage, analysis, and transformation into "user-friendly" information, (d) an information
transmission system, (e) an information dissemination system, and (f) an interactive system to aid
decisionmaking. The areas that should be addressed together with questions that should be asked in each
area are listed below. Some of these questions pertain to a water resources assessment, others to
evaluating options and recommending a strategy.

4.7 7pes of Information. What are the information requirements for water resources management?

4.8 Information Technology. What information technology is available for water resources
management? What are its present and future roles? What are the advantages and disadvantages of
information technology? What are present patterns of ownership of information technology?

4.9 Information Demand. Aside from water resources managers, who else needs information (for
example, policymakers, researchers, educators, private enterprise, water resources stakeholders)? What
kind of information is most urgent, and how can information technology help?

4.10 Information Supply. Where is information generated or selected? Who owns the channels of
information? What does that mean for the content? Could user groups set the agenda for information
generation and transfer? Who controls the development and availability of interactive information
technology?

4.11 Systemic Approach to Information. What could be the role of information technology in providing
water-related information to managers, users, and policymakers?

4.12 Costs of Information Transfer. Who pays for the information? How does that differ from
payment for the information carrier (for example, radio, telephone, or television)? What are typical
public good aspects of information (such as water quality), and what are private aspects (such as water
rights)? What does that mean for information technology? Is information technology cheaper than direct
contact, and can it achieve the same results?

4.13 The questions asked above can be used to create terms of reference for the improvement of an
information system. Based on these questions, an example of terms of reference that could be used as
a guide for the design of an information system specific to water resources management is presented in
the next section.

4.14 Those undertaking an information system assessment should interview representatives of the
government ministries responsible for water resources development and management, representatives of
the ministry of health, the director of the national hydrological service, and representatives of the water
resources stakeholders, such as the power generation authorities, irrigation farmers, industries, fishermen,
poor neighborhoods, water supply companies, and navigation companies. In addition, other interests such
as health care and social workers and conservationists should be interviewed.
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4.15 The role of hydrological and meteorologic services is to assess the quantity, quality, and
availability of water and to make the data on these issues available. Tables 4.1, 4.2, and 4.3 suggest
some of the key areas where hydrological data are needed. In many cases, individual country
circumstances will determine how important each item of data is; the tables have been intentionally left
blank so that those undertaking the assessment can rank data in terms of importance (for example, vital,
important, useful, or not necessary). In addition to traditional uses, hydrological data are becoming vital
in areas such as preserving ecosystems, maintaining the aquatic environment, preventing both
deforestation and soil erosion, maintaining or improving public health, controlling pollution, maintaining
or improving recreation and tourism, and predicting the climate.

4.16 Because many decisionmakers (and the general public) are normally unaware of the economic
value of water and the vital role it plays in the development process, it is not likely that water resource
data is adequately assessed and used in decisionmaking at any level of the community. Since an
information system is about the management of data in all its forms, those responsible for information
system assessment might recommend that the sources of both water supply and demand data be improved.
This means working with the institutions responsible for generating this data, usually the national
hydrological and meteorologic services, and the water users, companies, and associations.

AN EXAMPLE OF TERMS OF REFERENCE FOR THE DESIGN OF WATER RESOURCES
INFORMATION SYSTEM

4.17 Since addressing the information system is an important part of formulating a strategy, many of
the elements below are included in the terms of reference presented in the annex of this guide. The
following terms of reference for the design of an information system go a step further than formulating
strategy, however, and address the design of an information system. The design of an information system
is most likely to occur after a national or international strategy is in place, but the kinds of information
available and needed should be examined during strategy formulation.

4.18 Although this example refers to a "consultant," those undertaking an assessment or developing
a water resources information system may actually be a group of people. The aim of building local
capacity to assess water resources and formulate strategy should be kept in mind. Again, parts of the
terms of reference will be associated with a water resources assessment, parts with recommending a
strategy, and parts with the design and implementation of an actual system.

Overview of Work

4.19 The consultant will study the present and future role of information technology in water resources
development and management. The areas of investigation and system components will be based on a desk
study and interviews with water resource development and management specialists, information
technology specialists, environmentalists, and public, private, and non-government institutions.
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Areas of Investigation

4.20 The following paragraphs present general comments on each area of investigation, and possible
elements of the physical management information system to be considered.

4.21 4ypes of Information. Water managers require information on supply and demand as well as
financial, legal, and technological information. Other information may also be necessary.

4.22 Information Technology. This should be a list of available information technology systems and
equipment that has been specifically designed for (or can be easily adapted to) water management.

4.23 Information Demand. Since almost all socio-economic and environmental activities have a
demand for water, the potential demand for water-related information is enormous. The first step is to
determine which information is most urgent. The water suppliers will also request the same information
for management purposes; in addition they will demand information about sources of natural water
supply, both surface and subterranean.

4.24 Information Supply. Some of the same sources that demand water-related information will be able
to supply water-related information. Again, the priority of this information must be determined.

4.25 Systemic Approach to Information. What should be the role of information technology in the
development and management of water resources? Should it support (a) decisionmaking at all levels of
the community, (b) education of the general public about the role of water in their day-to-day lives and
activities, (c) monitoring water law compliance, (d) water-related research, (e) disaster management, (f)
institutional capacity-building, within the water sector and other sectors, and public and private
institutions in general? Are there other roles for information technology?

4.26 Costs of Information Transfer. Is the application of water information management
technology cost effective in terms of the overall benefits to the community? Is there another way of
managing this information that would be more appropriate?

4.27 Physical Components. Examples of each of the system components that might be included are:
(a) data collection systems (sensors, data collection platforms, meters (b) data transmission systems:
(radio, meteorburst, satellite), (c) data storage, analysis, and transformation systems, (d) information
transmission systems (radio, satellite, cable), (e) information dissemination systems (local area networks,
e-mail), and (f) interactive systems to aid decisionmaking (expert systems, computer simulation software).

Report Outline

4.28 The report to be prepared by the consultant should first describe the present information
management system, the present use of information technology, and state-of-the-art information
technology. It should explain the present and potential use of information technology for water resources
development and management, including the positive and negative aspects of responsiveness, flexibility,
relevance, situation specificity, participation, and accountability. It should predict changes in the use of
information technology (covering the aspects of both information and technology) that could further
enhance or detract from information management systems for water resources. Analysis should include:
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* The ability of the present information management system to meet both the short- and
long-term development objectives, including the legal, technical, economic, institutional,
and policy framework within which the system operates (this should include analysis of
strengths and weaknesses of the present information management system)

* The strengths and weaknesses of greater use of information technology within the same
framework mentioned above

* Possible changes to the framework that would enhance overall performance of the
information system, with and without greater use of technology

* Institutional capacity-building required to obtain improved performance of the information
system, with and without a greater application of information technology.

4.29 In view of local conditions, the report should asses the relevance of information technology for
the country or for the specific hydrological basin. This should include reviewing the possibilities of cost
reduction for information transfer, the systemic nature of information demand, and the role of information
technology in international competitiveness.

4.30 A key part of the report should be estimates of cost and of cost-sharing possibilities for
information technology, together with indications of the robustness of the equipment. The latter should
cover how well the equipment can be used in harsh environments and by untrained people.

4.31 Finally, the report should draft terms of reference for the design of an information system for
water resource development and management using information technology.

LIKELY RECOMMENDATIONS

4.32 There are eight recommendations for improving the water resources information system that are
common to many assessments. They are:

4.33 Network Rehabilitation. This includes repairing and upgrading hydrometeorologic networks for
measuring many factors (for example, water quantity and quality, rainfall, evaporation, humidity, air
temperature, and wind) through the installation of basic equipment. Network rehabilitation often involves
improving the operation and maintenance of equipment and establishing telemetric systems if necessary.
Studies often propose that the authorities consolidate and rationalize the existing hydrometeorologic
network rather than expand it.

4.34 Institutional and Human Resources Development. Carefully tailored training programs should
emphasize in-service training, using the agency's own facilities to the extent possible. They should help
the national hydrometeorologic agencies to become ultimately self-sufficient. The training programs
should aim to broaden the scope of courses, with particular emphasis on practical training. It may be
appropriate to provide this kind of training by expanding the activities of established training centers
within existing academic or training institutions. Many hydrometeorologic agencies need to change
attitudes regarding management. In many countries, for example, two or more agencies run
hydrometeorologic networks in parallel, with minimal coordination of efforts and reluctant exchange of
data. The issue is not who operates the stations. It is vital that one agency be responsible for handling
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the data and that all field data be sent to the concerned office to minimize delays in data processing.
Perhaps there is a need to re-organize the hydrometeorologic services and their financing to generate
incentives and to offer better careers. Many hydrometeorologic agencies are part of government
departments, subordinate to various ministries. Governments may wish to examine institutional
arrangements to make agencies more dynamic and product-oriented, in order to enable them to serve the
needs of water resource planners and managers in both the private and public sectors. The human
resources needs of an information system will also probably merit significant mention (see chapter 2).

4.35 Improving Transportation Conditions. Transportation is an important element of water resources
information systems, including hydrometeorologic services. Field visits are needed to take measurements
and to detect and repair malfunctioning equipment. Often, field agents need new vehicles or a reliable
source of spare parts. Hiring or renting transportation during peak demand, or otherwise involving the
private sector in providing transportation, can be explored.

4.36 Improving Data Processing. More effective monitoring of water resources can be achieved by
computerized data management and processing. Hardware support is a problem in many parts of the
world, however, because the selection of hardware is often determined by donors, who do not always take
the compatibility of existing equipment or the availability of repair facilities into account. User-friendly
data processing and effective dissemination of hydrological information are often both needed. More
attention should be paid to improving equipment compatibility, increasing the use of automatic monitoring
systems, and installing information technology that can analyze data to provide specific user-friendly
information needed for planning, management, and operational decisionmaking.

4.37 Establishing a Hydrological Cycle Observing System (HYCOS). There is a growing need in many
countries to collect and process data in a cost-effective and sustainable manner for a reliable data base.
This means blending and reinforcing the conventional systems with modern technology and equipment,
which would offer greater coverage on a regional and sub-regional basis than most current systems.
Regional organizations can play an important role in achieving agreements between countries on joint
activities in a region or river basin. A HYCOS system using telemetry and satellite communication would
transmit hydrometeorologic and environmental data from automatic data collection platforms. The data
would be collected, transmitted, stored, processed, and disseminated by the hydrometeorologic services
daily via an information system linked to decisionmakers in both the public and private sectors. The
decisionmakers could transform data into information of knowledge that has a high economic value; this
is the science of hydroinformatics. The HYCOS system would complement conventional
hydrometeorologic networks, but involve data less subject to manual input or manipulation, thus offering
additional reliability. Such a system would also strengthen the institutional capacity of local hydrological
services. It would establish real-time monitoring of water resources through telemetry. It would
encourage regional and international collaboration among governments, organizations, and donors,
particularly where international river basins are involved. It would promote the exchange of hydrological
and environmental information between nations and regions. Since many rivers and lakes are shared by
more than one region or country, sharing information is crucial to the optimal development and
management of water resources. Eventually, HYCOS could be linked to other continents to form a global
hydrological network.

4.38 Mbter Users, Companies, and Associations. Water users, companies, and associations should
keep detailed accounts of the water they receive, treat, and distribute. This entails metering all
customers, including government agencies, and maintaining a financial accounting system. All of this
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information will be vital in order to improve demand management, efficiency analysis, and general
overall performance of the water distribution system to all sectors.

THE EFFECT OF TECHNOLOGY ON INSTITUTIONS

4.39 Innovation in information technology has presented a challenge to all institutions, including the
hydrometeorologic services. New technologies have given information a much greater role in economic
development, especially in water resources and environmental management. New technologies have
brought change because of the speed and scale of information processing and dissemination, the new
markets for data applications, the costs and revenues of data collection, and the economic value of water
resources information. More important, technologies are changing the way people think, manage, and
use information to design, monitor, evaluate, and manage water resources on a day-to day basis.

4.40 To successfully form and implement a strategy for water resources management, cooperation with
other sectors is crucial. As technologies improve, information availability and use will also require
improved organization and management. Human resources and administrative support must be good
enough to overcome what typically exists: inadequate coordination between suppliers and users,
insufficient technical competence of users, and inappropriate analytical frameworks or models used in
some analysis. As technologies advance, organizational structures may change. At their best, changes
should engender more dynamic and effective data collection and wider information dissemination.
Change may not be immediate, but its direction should be clear to decisionmakers.

FURTHER INFORMATION

WMO. 1992. Hydrological Data for 1hter Resources Management. Geneva.



Table 4. 1. Need for Selected Meteorologic and Climatologic Data for Wter Resources Management

Sunshine! Air Storm Daily
Management Area Radiation Wind Temperature Humidity Evaporation Rain Rainfall

Hydropower
Reservoir
Irrigation

Surface water
Groundwater

Drainage
Surface
Subsurface

Floodplain zoning
Flood

Control
Protection
Warning

Potable water
Surface
Ground

Industrial water supply
Fishery
Navigation
Pollution control
Salinity control
Catchment management

Note: This table is intentionally left blank; the strategy team may wish to rank information needs for each management area



Table 4.2 Need for Selected Hydrometric Data for V%ter Resources Management

Lake Data River Data
Lake Mter Mter Surface Flow Mter Flow River
Level Quality Temp. Evap. Level Quality Discharge Sediment

Management Area

Hydropower
Reservoir
Irrigation

Surface water
Groundwater

Drainage
Surface
Subsurface

Floodplain zoning
Flood

Control
Protection
Warning

Potable water
Surface
Ground

Industrial water supply
Fishery
Navigation
Pollution control
Salinity control
Catchment management

Note: This table is intentionally left blank; the strategy team may wish to rank information needs for each management area



Table 4.3. Need for Selected Groundwater Data for "hter Resources Management

Uter "bter Yield Hydraulic
Level Quality Characteristics

Management Area

Hydropower
Reservoir
Irrigation

Surface water
Groundwater

Drainage
a Surface

Subsurface
Floodplain zoning
Flood

Control
Protection
Warning

Potable water
Surface
Ground

Industrial water supply
Fishery
Navigation
Pollution control
Salinity control
Catchment management

Note: This table is intentionally left blank; the strategy team may wish to rank information needs for each management area



CHAPTER 5 THE ROLE OF ECONOMICS

5.1 Although many countries have long recognized the importance of securing a reliable water
supply, only recently have they recognized water as an important economic good that must be carefully
managed in terms of both quantity and quality. In most countries water has an economic value that varies
over time and among uses. In general, competition for water among various uses has increased and its
value has risen. Economic concerns have become increasingly important in water resources management.

5.2 Economics will play an increasingly important role in water resources decisions because
(a) economic efficiency is a key development objective for most countries, (b) opportunity costs" will
need to guide future water allocation decisions, (c) price and other economic incentives will be required
to increase water conservation and efficiency, (d) investment decisions will require economic analysis,
(e) as water becomes more scarce, investments in water resources development will become more costly
(which means that capital resources will be a key constraint to future water resources development).
Also, water can be seen as a key production factor, the availability of which can govern many aspects
of planning (Falkenmark 1994).

5.3 In establishing their water resources management strategy, countries must assess the
economic value of water resources. The role of water pricing and economic incentives for efficient water
use will be critical in guiding water use and allocation decisions. Not enough attention has been paid to
this issue in the past. Economic analysis will offer important guidance in choosing among various water
resources investment and management options. Here both the costs and benefits of alternative courses
of action should be assessed where possible. Finally, project financing and cost recovery will constrain
future water resources development. Project financial requirements and sustainability concerns suggest
that greater emphasis will be needed on private sources of capital and strategies to increase cost recovery.

5.4 This chapter examines the major economic concepts in the valuation of water and in methods to
evaluate water strategies, costs, and investments. In formulating a water resources strategy, countries
should try to establish economic values for water, however broad. This will require gathering information
mentioned later. Economic analysis of possible courses of action will depend on establishing this value.

APPLYING ECONOMIC CONCEPTS IN STRATEGY FORMULATION

5.5 During phase 1 of strategy formulation (essentially a diagnostic inventory or assessment
of water resources), the strategy team should undertake several tasks related to economic analysis that
will be essential for developing and evaluating options in phase 2. The concepts behind some of these
tasks are described in succeeding sections of this chapter. The activities include:

0 Data Availability. Assess existing sources of economic data and the country's
capability of collecting and maintaining a data base of key economic information,
for example, commodity prices, labor costs, and input prices. In addition,

"Opportunity cost is the value of goods or services (including environmental services) foregone by using a
scarce resource for one purpose instead of for its next best use.
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existing information on water response functions for key agricultural and
industrial products should be assessed along with domestic water use rates.

0 Demand Projections. Review and evaluate projections of water demands by
various sectors as well as evaluating the country's ability to continue making such
projections (an institutional issue).

* Mbter Allocation. Assess the economic efficiency of existing policies and
procedures used for allocating water resources within and between sectors and
country capabilities in implementing appropriate water allocation procedures.

* Analytical Methods. Review and evaluate the analytical methods used to assess
water resource issues and investments and the possibility of using new or
different methods. Assess the country's ability to evaluate alternative
combinations of supply and demand measures including both single and multi-
purpose options.

* Pricing and Cost-Recovery Policies. Review and evaluate water pricing and cost
recovery policies and the record in water fee collections.

5.6 The ability to perform demand projections will be crucial in generating scenarios and
evaluating the effects of different choices in phase 2. Existing projections of water demand might be
inadequate; it may be necessary for the water strategy team to make new projections based on population
growth, urban development, agricultural policies (for example, if existing policy calls for crop
diversification, what effect will that have on water demand?), water quality considerations, and supplying
enough water for the preservation and protection of ecosystems.

5.7 One of the important options that should be considered in phase 2 is implementing a water
pricing and cost recovery program that at least covers the operation and maintenance costs of water, and
that (if possible) reflects the opportunity cost of water.

Characteristics of Water

5.8 Water is characterized by several features that affect the way it is handled by markets and
governments, and that limit the ability of countries to relay on the automatic reaction of market forces
to determine prices. Some of the major features relate to whether water should be treated as a public or
a private good for pricing and regulatory purposes and whether existing market prices can fully reflect
all aspects of using water. These features are summarized below."

5.9 Water's mobility has made it difficult to establish enduring and secure water rights that are
necessary for efficient market transactions. In addition, the bulky nature of water generally makes it
expensive to move significant quantities upstream or outside many river basins. This expense has
inhibited the development of national water markets, except for bottled water.

"This section is an excerpt from World Bank 1993 pp. 81-92. For a more detailed discussion of these aspects,
including concepts such as subtractibility and excludibility, see this reference and see Kessides 1993.
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5.10 Many water investments involve large capital investments with long periods before payoff. Many
cite this as the reason for a distinct lack of private investors (especially in developing countries). Another
reason for this dearth of private investment could be that governments historically have controlled water
resources development in order to further policy aims such as agrarian reform or populating certain
regions. Regardless of the reason, water supply and irrigation projects typically exhibit increasing returns
to scale and therefore are prone to natural monopolies. Consequently, without government intervention,
there will be underinvestment in water supply and monopoly pricing. Furthermore, many water resources
and water resource investments produce joint products, such as recreation, electric power, and irrigation,
which complicates water pricing and allocation decisions.

5.11 Inadequate information concerning water supply and demand, which can vary widely within and
between years, as well as poor information concerning who actually receives water and how much is used
has, in many cases, made it difficult to effectively manage and price water.

5.12 In some of its uses, water is a public good, where one person's use does not decrease nor subtract
from its value to others who use the same good, for example water used for fishing and navigation. As
long as they are not damaged or congested, public goods are not consumed (in the traditional sense) when
used; they can continue to provide the same benefits to everyone. Moreover, as long as there is no cost
to society for the added use or subtraction from benefits to other consumers (the marginal cost of serving
another user is zero), increased use of water adds to total economic welfare.

5.13 Because water activities have many physical interactions within the ecosystem and with other
economic activities, they are often characterized by externalities; the benefits and costs of production and
consumption affect individuals or entities other than those involved in a transaction. Related to the issue
of externalities is the limited amount of information available to consumers of water and to consumers
and producers of water-related services. The complexities of the ecosystem, the variability of the water
supply and the intricacies of the hydrological cycle make it difficult for those transacting with water to
consider all aspects; consequently, market prices do not necessarily reflect all these interrelations.

5.14 Unregulated market systems may generate outcomes that do not satisfy environmental concerns
or a country's social goals in terms of poverty alleviation, food security, income distribution, and public
health. In cases where water resources are transnational or involve transnational environmental effects,
water allocation decisions are necessarily made by transactions among governments.

Economic Efficiency and the Value of Water

5.15 Economic efficiency is an important development objective in most countries. Everything else
equal, countries would like to produce the desired goods and services with the minimum amount of
resources. In fact, it is the ability to produce more with fewer (or the same amount of) resources that
helps create economic development and gives a country a comparative advantage in producing certain
goods and services. For water, this means that economic incentives are needed to encourage efficient
allocation of the resource to those uses that provide the greatest socio-economic benefits for society.

5.16 Water values vary widely among different uses as well as within uses. For example, Gibbons
(1986) estimated the direct economic value of 1,000 cubic meters of water in Tucson, Arizona, in the
summer to be $302, while the same amount of water used for navigation on the lower Mississippi River
had a value of $3. Within uses, she estimated that 1,000 cubic meters of water used to irrigate land
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producing wheat in the Salt River Irrigation project in Arizona had a value of about $33; if that water
were used to irrigate land for growing carrots, it would have a value of $261. Sometimes this is due to
the differences in conveyance costs or the costs of transacting a sale or exchange while in other cases
differences exist because water is generally not sold or traded like other goods especially among sectors.
Most trades or sales of water occur within the agricultural sector, usually among farmers in the same
village or irrigation system. In a number of situations water use is determined by its first legally
recorded use (prior appropriation doctrine), and its allocation may be difficult to change over time in
response to the changing economic and social conditions, unless provisions are made to facilitate water
trades. In other cases water is allocated by government administrative decisions; in still others no one
is given a secure and sustainable allocation of water. Where water rights are uncertain or where existing
allocation mechanisms cause a misallocation of water resources, higher socio-economic benefits could be
obtained through the development of new institutional arrangements that allow a reallocation of water
based on its economic value in different uses. This is particularly important among sectors where
differences in the economic value of water may be substantial, as in the example above.

Opportunity Cost and Pricing

5.17 The task of valuing water is particularly complex owing to the limited ability of countries to rely
on the automatic reaction of market forces to determine prices (see above section on the characteristics
of water).

5.18 Since competitive water markets are generally localized, water allocation especially among regions
and sectors could be improved by using an estimated economic value of water to guide water allocation
decisions and to set administrative price levels for water. In those cases where localized water markets
exist, there is a ready basis for valuing water when pollution or return flow externalities are not
important. When water markets do not exist or significant externalities are present, other valuation
techniques must be used. Near many major urban areas, the opportunity cost of water used for irrigation
is its value for domestic or industrial consumption. Water users should be required to pay the opportunity
cost of water, especially where water is scarce and water use is critical. This provides them with a clear
economic incentive to use water efficiently. The opportunity cost of water could be used as an economic
signal to improve water allocation decisions and encourage water conservation.

5.19 Where there is a concern about providing water to the poor at a low cost, block or graduated
prices can be used. A low charge is set for the volume or block of water that is needed to meet a
minimum basic health requirement. For the next volume or block of water, a much higher price is
charged. Also, different prices can be charged for office and industrial uses that do not provide society
with the same health benefits as does clean water used in the household. In this way, the poor can be
cross-subsidized by industry.

5.20 When it is not possible to charge users a price based on the economic value per unit of water
consumed, then quantity restrictions can be used to improve water allocation and use. Although quantity
restrictions are less efficient allocation methods than water prices per volume of water used, they do
create a shadow price or implicit price for water. The implicit price forces consumers to use water more
efficiently than if there were no restrictions on quantity. An economic incentive or implicit price is
created by the fact that consumers would like to have more water than they receive at the existing
charges.
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Other Economic Incentives

5.21 Economic incentives may also be needed to achieve the desired level of pumping and conservation
of groundwater when the rights to groundwater stocks are not well defined. Where there is over-
exploitation of groundwater resources, fuel taxes or pumping quotas can be used to achieve the desired
level of extraction. The fuel tax should be raised sufficiently so that the cost of pumping equals the
opportunity cost of water.

5.22 Government may want to use economic incentives to encourage the adoption of water-saving and
reuse technology and the use of water-saving crops. This can be done by direct subsidies, tax credits for
the purchase of certain technology, or credit subsidies to purchase water-saving technologies. The
amount of subsidies or tax credits should not exceed the economic value of the water saved. Subsidies
and tax credits could also be used to promote private sector research and development for new water-
saving technologies. In addition, water pricing based on opportunity costs will encourage water users
to adopt water-saving technology.

Economic Analysis of Alternative Courses of Action and Investments

5.23 Economic analysis of alternative courses of action is important for economically efficient decisions
(Easter and others 1991). It is critical that decisionmakers have the facts concerning their possible
courses of action. They should know the costs and benefits of other strategies or investments before the
decision is made. This does not mean that the decision should be made only on the basis of economics
(Hufschmidt and others 1983). Other social and environmental objectives should be considered when
appropriate. While in many cases, not all costs and benefits can be measured effectively, decisionmakers
should have an idea of what it will cost society if they decide to build a hydropower project or allocate
water to irrigation instead of industry.

5.24 Two types of economic analysis are commonly used to evaluate strategies or investments. First
and most complete is "benefit/cost" analysis where the discounted costs and benefits of investments are
compared to determine which is the most likely to achieve the highest rate of return. If the project is not
large relative to a country's economy and it doesn't create nonmeasurable costs and benefits then
benefit/cost analysis provides a good basis for economic decisions. However, the measurement problems
in this form of analysis can be severe, particularly for environmental and health effects, and may force
decisionmakers to use other evaluation techniques (Dixon and Hufschmidt 1986).

5.25 The second method is "cost effectiveness" analysis, which ascertains the least cost method of
achieving predetermined objectives or targets. It does not provide an economic rate of return or any
information concerning benefits, but cost effectiveness analysis identifies the lowest cost method of
meeting the objective or target. It is less time-consuming and not as expensive to estimate the least cost
solution compared with conducting a full benefit/cost analysis. Furthermore, this type of analysis
provides a good cost-based decision rule if the decision has already been made that something should be
done. Providing a sewer or water supply system for a given area or group of people is a good example.
Cost-effective analysis would be used to determine what type of system to build. Yet in some cases even
the least-cost method may be too expensive to justify construction.
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The Economic Value of Water

5.26 For benefit/cost analysis one of the key variables that must be measured is the value of water or
the benefits from using water since it is both an input into production and a good directly consumed.
Estimating the value of water is not easy because its value varies with quality, use, location, and time.
During dry periods of the year or during drought years, water values will be much higher than in other
periods. Moreover, certain seasons or times of the year may also be important (high water values)
because of critical water demands for crop growth, heating, cooling, industrial production, or shipping.

5.27 One means to determine the value of water is to use competitive market prices where they exist,
such as prices set by sales of well water for irrigation or by water vendors in urban areas. However,
since such market prices are generally not available except in certain localized markets, other procedures
have to be used to estimate water values. One direct procedure is to use the marginal cost of pumping
water from an open access aquifer. This only works under competitive water supply conditions where
users pump to the point where their marginal value of water equals marginal pumping costs (Easter and
Waelti 1980). Under these conditions the marginal cost of pumping can be a proxy for the marginal
value of water.

5.28 The value of water to domestic consumers can be estimated based on willingness-to-pay surveys
of potential water users that are aggregated to measure the demand (Altaf and others 1992; Whittington
and others 1992). The problem is to construct a survey that elicits actual consumer willingness to pay.
Demand estimates based on willingness to pay can also be made from observations concerning what
people pay for domestic water supplies including the time cost involved in collecting the water. A recent
World Bank study of rural water demands in seven developing countries found a larger than expected
willingness to pay for private water connections to the house or yard (World Bank 1992).

5.29 For irrigation projects the residual return to the crops grown (gross returns minus all costs"
other than water costs) provides an estimate of the maximum farmers can pay for the water. This is an
upper bound for the value of water used in producing the crops in question and can be used as an estimate
of the value of water when it is the limiting resource. When the data are available direct estimates can
also be made of the value marginal products of water in different uses. By varying the quantity of water
applied while holding other inputs constant, a schedule of input/output relationships (marginal products)
can be obtained. These marginal products when multiplied by the product price provide an estimate of
the derived demand schedule for water. Which procedure or combination of procedures should be used
will depend a great deal on the data and time available for the analysis.

Cost Estimate

5.30 The other important side of analysis and the key part of cost effectiveness analysis is the
estimation of costs. For any decision regarding water use and allocation, costs must be estimated. For
water strategies or investments, decisionmakers need to have information concerning the costs (including
environmental costs) of alternatives. Without this information the decisionmaker cannot determine what
the economic implications are of different choices. Decisionmakers should also know what costs will be
imposed on areas or users that do not receive the water. For example, what is the cost to society of

1Costs include enough profit to keep farmers in business.
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allowing agriculture to use a stock of groundwater that a city would like to have available for domestic
consumption in the next ten to twenty years? This is a good illustration of why it is important to have
information concerning the opportunity cost of water.

COST RECOVERY

5.31 Another important aspect of the economics of water resource strategies involves the financing of
water investments and practices. With the rising costs of water investments and the increased competition
for public funds, greater attention will be needed concerning just how investments are to be financed and
sustained with adequate funding for O&M. This is particularly true for drainage and sanitation facilities
that have been neglected in the past and that will have to be emphasized in future water investments.
Questions of cost recovery will become increasingly important as a source of funds to sustain projects.
Aside from finding funds to improve the system, innovative ways must be found to break the old cycle
of poor service, low willingness to pay user fees and inadequate funds for O&M. Current strategies to
break this cycle involve turning over the O&M (in some cases ownership) of water projects to financially
autonomous entities, either public or private, and to water user groups. For example, through increased
user participation and ownership of water facilities, the Philippines increased cost recovery to an average
of 75 percent of O&M. Water users are generally in a better position to monitor and use social pressure
to collect water fees from association members. They know what crops their neighbors have grown and
who obtains water. This information can help reduce the cost of monitoring and enforcing water fee
collections if water users have the authority and responsibility for collections.

5.32 Before cost-recovery levels can be established for multipurpose projects, joint costs (costs of
infrastructure that serve more than one purpose) must be allocated to the different purposes (for example
flood control, irrigation, or hydropower). How the joint costs are allocated will have a major effect on
how much must be recovered from each aspect of a project. In the United States, for example, there is
always substantial political pressure on the U.S. government to allocate most of the joint costs to
"nonreimbursable costs" (which are paid by the federal government) so that water charges to users are
kept low. Unfortunately, economic theory has little to say about cost allocation. This means that joint
costs are allocated by rather arbitrary procedures such as the separable cost-remaining benefits method
or the allocation of costs in inverse proportion to the elasticity of demand for outputs of the various
purposes.

5.33 Cost recovery will also depend on a country's overall pricing policy. If a country pursues a
cheap food policy and keeps agricultural product prices well below world market prices it will be difficult
to expect farmers to pay the full cost of water projects. Furthermore, if a project was built to serve other
country objectives (food security or national defense) and is at best only marginally profitable for users,
farmers cannot be expected to pay the full cost of irrigation. In contrast, when agricultural prices are
high, and the system profitable, then cost-recovery is much easier as seen by the case of Korea where
cost recovery reached 93 percent of the $210 per ha cost of O&M in 1983 (Small and Carruthers 1991).

5.34 In addition to the problems associated with cost recovery, during the next decade the financial
requirements for water resource investments will probably be beyond the capabilities of many developing
countries and additional sources of capital will be necessary (World Bank 1993). The mix between
private and public capital will need to change; the share of investment from the private sector will need
to increase sharply. The move toward greater reliance on financially autonomous entities, private firms,
and water user organizations should help to open up new sources of private capital. Some of the
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autonomous entities and holders of operator contracts, once they prove to be financially viable, will be
able to borrow through local and international capital markets. The availability of private capital will
depend to an important extent on the general level of local capital market development. Moreover, water
users' associations should be able to obtain some investment funds from their members (in addition to
achieving higher levels of cost recovery than government agencies). Thus, a mix of user charges,
beneficiary taxes, central government transfers (grants and loans), and municipal and utility bonds will
be required to meet future investment demands.
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CHAPTER 6 ENVIRONMENTAL AND HEALTH
CONSIDERATIONS

6.1 Economic development can only be sustained if a country's renewable resources (including its
population) are protected and maintained. Aside from any inherent worth of natural ecosystems,
protecting them can ensure the availability of resources in the future and can avoid serious consequences
of neglect in the present. Such neglect in the management of water resources has resulted in depleted
water sources, contaminated supplies, and public health hazards, aside from the significant economic costs
of lost benefits from adequate water resources. The water needed to protect ecosystems should be
considered a use along with the use of water for human consumption, agriculture, energy, and industry.

6.2 This chapter discusses major health, water quality, and environmental issues that should be
considered in developing a water resources management strategy. Activities in many sectors of the
economy affect public health and the environment, of course, and protecting them adequately involves
developing policies, legislation, regulations, and institutions that will serve this goal. The first part of this
chapter briefly outlines some of the health considerations and issues in formulating a strategy. The next
two sections review substantive matters pertinent to the water resources assessment during phase 1 of the
process of formulating a strategy. Although the legal and institutional framework for water resources is
discussed in chapter 2, these aspects are such an important part of environmental protection that they are
included here. This chapter is only a guide; discussion is limited to major environmental quality issues
and should not be considered a complete treatment of environmental issues in water resources
management.

6.3 The chapter assumes that water resources will be assessed and issues evaluated within a river or
drainage basin. For groundwater management, the groundwater basin bounded by geohydrological
features may be more appropriate.

PUBLIC HEALTH AND WATER RESOURCES

6.4 Public health is intimately linked with adequate water supply and quality and with adequate
sanitation. Of eight major diseases or disease groups found in developing countries, four are linked to
water supply and sanitation or to organisms (vectors) that breed in water (World Bank 1994, p. 90)."s
Many water projects alter the environment so as to either increase the number of vectors or increase the
amount of contact with disease-causing organisms (Tiffen 1989a and 1989b).

6.5 Good health is a basic human need and desire, and improving public health can have impressive
economic benefits. Attaining a certain standard of public health is often a government objective.
Improved public health can be the outcome of government programs that are not intimately linked with
water, such as general education programs, particularly the education of women (World Bank 1994). Of
course, many government health programs concern water directly, for example programs that are aimed

"These are diarrhea-related diseases (including dysentery, cholera and typhoid),trachoma, tropical cluster
diseases (including schistosomiasis, South American trypanosomiasis, and Bancroftian filariasis), and intestinal
worms. The other four diseases or disease groups are tuberculosis, respiratory infections, chronic respiratory
diseases, and respiratory tract cancers.
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at improving personal hygiene. Public health objectives should be included among the government
objectives identified by the water resources strategy formulation team.

6.6 The strategy formulation team could include public health professionals, but in any case the
team should consult and include such professionals in the course of strategy formulation.

6.7 Identifying the major water-related diseases should be part of the water resources assessment.
The assessment should include estimation of the levels of incidence of such diseases, their relationship
to water, and some identification of the capacity of the existing health service to overcome such diseases
(Tiffen 1989a). Projections could include the economic benefits of improved public health. Specifically,
this could mean a reduction in work time lost because of disease. It is extremely difficult to make
reasonable projections of the economic benefits of improved public health, however, and the strategy
formulation exercise must remain above all a manageable activity. As with other issues, addressing the
issue of public health at the strategy level does not mean that projections or estimations of benefits should
attempt to be unduly precise.

6.8 In general, water-related diseases in developing countries fall into two major categories: those
arising from the ingestion of food or water contaminated by excreta, and those that are vector-born
diseases. Vector-borne diseases such as malaria and bilharzia are closely related to problems of
environmental sanitation; in general, water-related diseases are related to water quality. Control programs
for vector-borne diseases in many countries emphasize preventive or curative measures to the neglect of
environmental management and community-based preventive measures (Thomas and others 1993).

6.9 The remainder of this chapter includes the biological contamination of water that damages human
health among the measures of water quality. Protecting the environment should be regarded as a means
of sustaining and enhancing human health.

EXISTING ENVIRONMENTAL ISSUES FOR WATER RESOURCES ASSESSMENT

6.10 Human intervention in existing water resources can be divided into two sets of effects. The first
set is from direct use or management of surface water and groundwater; the second is from all sectors
of the economy that use water or affect catchment waters. Water resources management activities include
investments for urban, rural, industrial, and agricultural water supply, sewage treatment, flood control,
irrigation and drainage, power, and navigation projects. Such activities directly modify streamflow,
groundwater basin conditions, and water quality. Activities in other sectors that affect catchment waters
include, for example, forestry, mining, and construction (which have an indirect influence on flow
regimes and sediment loads carried in surface water), and industrial discharge and agricultural runoff
(which influence the chemical, biological, and physical properties of water) (United Nations 1979).

6.11 The water quality and hydrological modifications caused by water management and other activities
may in turn have other physical, biological, and social effects. Understanding the causes and
consequences of the "first order" modifications (those caused initially) is vital for formulating
environmentally sound and sustainable water resources management strategies.

6.12 The following paragraphs discuss some of the main causes and consequences of surface and
groundwater use, overuse, and quality degradation as well as the effects of surface and groundwater use
and pollution on sensitive ecosystems and public health. The expert team formulating a water resources
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strategy will want to examine the aspects discussed below to determine if there is or will be a major
problem or issue.

Surface Water

6.13 The chief aspects of surface water that affect the environment or public health are stream flow
variability, runoff, and water quality.

6.14 Stream Flow lbriability. Stream flow variation is a function of the rate, amount, form, and
distribution of rainfall, and the rate of evapotranspiration, infiltration, and runoff. The variation in
streamflow affects the amount of organic and inorganic matter that is deposited and the rate of its
deposition. Such matter includes, for example, sediments, silts, nutrients, plankton, and benthos, which
are carried as dissolved, suspended, and bed loads. This matter is eventually deposited. Variation in
stream flow also affects the rate at which oxygen is added to the water through surface aeration. Natural
variation in stream flows is one of the chief factors governing the kind of ecosystem that will develop and
survive in a given watercourse (Jain and others 1993).

6.15 Projects for controlling, storing, or diverting water modify streamflows in different ways. Flood
control projects reduce peak flows, power generation projects minimize low flow conditions, and
diversions of water for consumptive use reduce the overall amount of flow. Reducing flows decreases
the rate of nutrients, organic matter, and substrates carried and deposited by moving water. Low flows
diminish the stream's ability to dilute and breakdown pollution and make downstream reaches more
vulnerable to entering pollution. Reduced silts and sediment loads and adsorbed nutrients may affect the
productivity in downstream areas such as deltas. Lower stream flows also may affect replenishment of
groundwater.

6.16 Increased Runoff Land use activities can alter the surface and topography of a basin and
profoundly affect important components of the hydrological cycle. Urban development (with buildings,
parking lots, and roads) reduces the pervious surface of the land, decreasing the rate and amount of water
infiltrating as groundwater. Urbanization also tends to even the land surface. Smooth surfaces reduces
the resistance to flow and the time for flow to concentrate, resulting in higher peak flows and greater
flood damage. Land use planning can be used to minimize damage from higher peak flows. Flood
damage from uncontrolled land use, such as squatter settlements, can be significant. Agricultural
activities also alter soil cover and affect the rate of runoff and percolation in the catchment.

6.17 Higher flows may increase soil erosion and the amount of sediments transported downstream.
Upland erosion is accelerated by processes that reduce vegetative cover in the catchment such as
agriculture, deforestation, overgrazing, and forest fires. Stream channel erosion is accelerated with
increased flows. The amount of sediments delivered to downstream locations depends on the fluvial
transport system's ability to entrain and hold on to the sediment particles (Ponce 1989). Fine particles
are carried more readily than course particles. Sediment deposition is likely to be greater when flow
velocities are reduced, for example when streams enter impoundments or lakes. Deposition is also
greater when gradients are smaller, for example, in deltas and floodplains. Areas experiencing frequent
flooding and excessive sediment deposition should be delineated in the water resources assessment.

6.18 Surface Miter Quality. All natural water bcdies have the capacity to assimilate some level of
waste without apparent damage (Jain and others 193). This capacity is the result of physical and
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biochemical processes occurring within the aquatic environment that break down waste into harmless
substances. The effect of waste discharge on a stream becomes more significant once the water's capacity
to assimilate waste is exceeded.

6.19 Waste discharge comes from "point" or "nonpoint" sources. Point sources are direct discharges
through discrete conveyance systems to water bodies. Examples include municipal and industrial
wastewater discharges into streams, lakes, and oceans. Nonpoint sources are diffuse discharges that occur
over large areas, such as runoff from urban areas, agriculture, forestry, and mining. The characteristics
of major point and nonpoint sources are explored below (much of the following draws on Robins and
others 1991).

6.20 The main point sources of pollution are municipal wastewater and industrial wastewater.
Municipal wastewater from urban and community centers or squatter settlements can be treated, partially
treated, or untreated. Partially treated and untreated discharges are a major source of nutrients like
nitrogen and phosphorus, bacterial pathogens, viruses, parasites, and organic contaminants. Nutrients
can accelerate algae growth and eutrophication (the process of becoming rich in nutrients but often
shallow and seasonally deficient in oxygen) in water bodies. Water supplies contaminated with bacteria,
parasites, and viruses may affect downstream users and require higher treatment costs. Industrial
wastewater characteristics vary according to use and level of treatment received. Cooling water effluent
can elevate the temperature of water in receiving streams. Processing plant effluent contains a wide
variety of waste byproducts. For example, food processing can produce organic wastes that generate high
biochemical oxygen demand and tanneries may generate toxic chromium wastes. Industrial effluent can
affect water in many ways, from changing the temperature (thereby altering sensitive biochemical
processes), to harming and even destroying aquatic ecosystems.

6.21 Major nonpoint sources of waste include urban runoff, agricultural runoff, forestry management,
and mining. Urban runoff may contain sediments, suspended solids, heavy metals, and organic
contaminants (U.S. 1969). Agricultural runoff can carry sediments, salts, nutrients, organic loads,
pesticides and pathogens to receiving water. Sediments are the largest pollutant category to affect surface
water, and many of the aforementioned pollutants may be adsorbed in soil particles and thus be carried
to surface waters (Robbins and others 1991). Irrigation return flows may contain high concentrations of
silts and sediments, dissolved solids, pesticides, and trace elements. Irrigation-related salinity is a serious
problem in arid and semi-arid areas. (EI-Ashry and others 1985). Salts become concentrated in soils
when the applied irrigation water is lost through evaporation and transpiration. They can be concentrated
in water, also, when relatively high-quality water is diverted from a basin, reducing the amount of water
available to dilute downstream discharges. Salt loading occurs when the applied water percolates through
soils and dissolved salts are carried to receiving waters (Robbins and others 1991). Other agricultural
nonpoint sources of pollution include grazing areas, ranches, feedlots, and poultry farms. Forestry
management activities affect downstream flow and water quality (see Brown 1976). Logging and clear
cutting may increase surface runoff and reduce groundwater replenishment. Mining often causes soil
erosion. Mining soils often contain metals and other substances that can increase the acidity of surface
water and dramatically harm sensitive species.

Effects of Surface Water Issues on Sensitive Ecosystems

6.22 Modifications in water flow regime and quality may have the greatest effect on wetlands, which
are sensitive ecosystems whose existence is dominated by water. Wetlands include marshes, estuaries,
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coastal zones, and inland lakes (see Dugan 1990). Wetlands are productive ecosystems, and are vital for
preserving biological diversity. They also serve as natural water purification systems and as buffers
against floods. Low flow conditions decrease wetland areas and as previously mentioned, decrease the
capacity of natural waters to assimilate pollution-making wetlands susceptible to damage from waste
loads.

6.23 Estuaries are sensitive ecosystems located at confluences of freshwater streams entering salty
waters of a bay, sea, or ocean. They are important nurseries and staging areas for many species of
shrimp, fish and waterfowl. Estuaries are influenced by tidal action and freshwater flows. Low upstream
flows can concentrate discharges and deteriorate downstream water quality and affect estuarine species.
Low flows can also shift the freshwater and saltwater balance in the estuary and increase the chance of
salt water intrusion in fresh water supplies.

6.24 Coastal zones are narrow stretches of water and land along shores of coastal and inland waters.
They form important habitats for shellfish and are also used as locations for seaports, industrial and
commercial operations, and residential and recreational areas. They also provide vital services such as
shoreline stabilization, protection from storms, flood control, fish nurseries, nutrient cycling and waste
treatment (World Bank 1991). Coastal zone ecosystems can be affected by municipal and industrial waste
discharges, nonpoint pollution from urban and agricultural runoff, destructive fishing practices (for
example, using dynamite), dredging, or other destructive commercial operations.

6.25 Inland lakes are vital sources of water supply, and they provide benefits such as fishing,
navigation, and recreation. They can also influence the local climate and the groundwater regime. Waste
discharges can have dramatic effects on the populations of fish and other aquatic species, and plants.
Nutrients from municipal wastes and agricultural runoff (from fertilizers and pesticides) can accelerate
algae growth and the aging process in a lake (eutrophication). Algae increase turbidity levels, create taste
and odor problems, and can make significant demands for dissolved oxygen. Oxygen depletion can create
anoxic conditions in the deeper parts of the lake and can affect many types of fish and other species.

Effects on Public Health

6.26 Streams receiving municipal wastewater discharges, for example from urban or squatter
settlements, can be very vulnerable to flow changes. Compared with treated water, untreated or partially
treated municipal effluent contains higher levels of faecal deposits, bacteria, parasites, and viruses. Such
effluent can harm downstream users, especially when downstream supplies are not treated adequately
before use. High levels of waste in water can cause diarrhea, cholera, or other waterborne diseases.
Such public health hazards can be exacerbated under low flow conditions when wastes become more
concentrated. Also, the reduced assimilative capacity of streams with low flow slows the breakdown of
organic wastes, prolonging the survival and growth of pathogens. Data on occurrences of waterborne
diseases in different regions of a country can help set priorities for action. Available health data can be
incorporated in the country's water resources assessment.
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Groundwater

6.27 Among the tasks in a water resources assessment will be to assess whether groundwater basins
are overdrafted, whether there are effects on groundwater from increased storage, and whether there are
problems with groundwater quality.

6.28 Groundwater Use Groundwater use is typically greater in areas where surface water supplies are
scarce (for example, arid and semi-arid areas) and expensive. Also, use of groundwater generally
increases during dry periods when surface supplies become limited. Excessive pumping over an extended
period can "overdraft" a basin-a condition where depletion exceeds aquifer safe yield. Safe yield is the
average amount of water that can be extracted without impairing the basin in the long run. It can be
estimated as the sum of inflows from adjacent areas, deep percolation of the applied irrigation water,
infiltration from precipitation, and recharge from streams minus the sum of outflows into adjacent areas
and total extraction (pumping). Overdrafted basins should be delineated in the water resources
assessment.

6.29 Overdraft reduces groundwater storage in a basin and causes water level decline. The economic
and environmental consequences of excessive pumping can be severe. The most obvious economic impact
is the increased cost of the additional energy needed for lifting water from lower elevations. A large
decline in water level may even dry out shallow wells and result in a total loss of supply. Excessive
water level decline may even cause land subsidence and affect groundwater quality.

6.30 Land subsidence from groundwater pumping is influenced by changes in water level or
piezometric head and the compaction characteristics and thickness of aquifer deposits (Poland and
Evenson 1966).16 The dynamics of land subsidence because of groundwater pumping is different for
different aquifers." The economic consequences of subsidence may include the costs of releveling land,
repair or replacement of deep-water wells (because of ruptured casings) and unexpected flooding from
changed gradients and the courses of streams and creeks. Subsidence can also cause serious problems
in the construction and maintenance of highways and water and wastewater conveyance structures (Ireland
1986).

6.31 Salt water intrusion occurs when saline waters migrate into fresh water. Excessive groundwater
pumping in basins located near saltwater, such as basins along coastlines, estuaries, or inland lakes, may
be susceptible to salt water intrusion if they are not managed carefully. Salty water can be unfit for
potable and even agricultural supplies.

6.32 Groundwater pumping can also induce the migration of poor quality waters from adjacent vertical
areas. Interaquifer movement of poor-quality water can occur when there is a difference in the hydraulic

1
6Factors other than groundwater pumping can cause land subsidence. These include the oxidation of organic

soils, hydrocompaction of moisture-deficient soils, and changes in aquifer dynamics resulting from oil and gas
pumping.

"in unconfined aquifers, water level declines decrease the buoyant support of aquifer material and increase the
gravitational stress on the underlying material. In confined aquifers, piezometric head change also induces vertical
hydraulic gradients across the confining bed and produces seepage stress (Lofgren 1968). Both gravitational and
seepage stresses increase the effective stress on overlying deposits.
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head across aquifer boundaries through well screens, perforated casing, or open boreholes. Overpumping
from freshwater aquifers overlying salty waters may also cause upwelling of connate saline waters from
under the base of the freshwater (Everett 1990).

6.33 Effects of Increased Storage. In areas where the water table is high, the applied irrigation water
can create a different set of problems: waterlogging and salinization. Waterlogging is the saturation of
surface or near-surface soils. It occurs in areas with a high water table which are not drained adequately.
The absence of pumping tends to exacerbate waterlogging in such areas. In dry climatic zones,
waterlogged soils concentrate salts in the plant root zone. Irrigation accelerated salinity buildup, which
can be an acute problem in arid and semi-arid areas where soils tend to be saline and surface evaporation
rates are high (EI-Ashry and others 1985). Many of the irrigation-induced salinity problems currently
faced by communities are outlined in Umali 1993.

6.34 Groundwater Quality. Groundwater systems have some ability to purify themselves; this depends
on the material and properties of the aquifer. Self-purification occurs largely through the filtering action
of water infiltrating the aquifer material and also through biochemical processes that may be controlled
by the available oxygen and substrate material.

6.35 Generally, the properties of an aquifer and the length of time the water is in contact with the
aquifer material have the most influence on quality. For alluvial deposits, the quality of the water
infiltrating (from precipitation and applied irrigation water) as deep percolation and recharging from
streams into the aquifer is also an important influence on groundwater quality. Recharge mechanisms
are different in confined and unconfined aquifers. Since confining layers reduce the volume and rate of
direct recharge, the effect of recharge on groundwater quality in confined aquifers is less than in
unconfined aquifers.

6.36 A variety of chemicals can contribute to groundwater contamination. Salts, fertilizers, and
pesticides (including insecticides, herbicides, and fungicides) used in agriculture may dissolve in water
and leach into groundwater. Other sources of contamination include surface disposal of liquid wastes,
septic tanks, leaking sewers and underground storage tanks, industrial wastes, and oil field brine disposed
through injection wells, as well as mining wastes (Everett 1990). Remediating groundwater
contamination is generally more difficult and therefore more expensive than treating surface water
pollution because the properties of aquifer materials and their transport mechanisms are more difficult
to understand and define. The effects of pumping on groundwater quality are discussed in the next
section. Contaminated areas and aquifers that are highly vulnerable to pollution should be noted in the
water resources assessment.

WATER RESOURCES ASSESSMENT: ENVIRONMENTAL INSTITUTIONS

6.37 Environmental aspects of water resources management are diverse, complex, and cross-sectoral.
Protecting and preserving the environment can only be accomplished with effective institutions backed
by adequate legislation and policies. The effectiveness of environmental institutions should be examined
as part of the country water resources assessment.

6.38 Environmental policy articulates principles to ensure that economic development occurs in an
environmentally sound and sustainable manner. It could be based on broad principles or on pragmatic
concerns recognizing that prevention of adverse effects is less costly than restoring damage. Policy may
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be implemented through procedures for recognizing environmental consequences of a proposed action (for
example a flood control project) early in the planning process and for considering such consequences in
decisionmaking.

6.39 A policy's success may depend on how well it is articulated and the extent to which is practical
and achievable. Addressing the goals of development and environmental sustainability and the tradeoffs
between them, especially in the context of a nation's social and cultural traditions, will be central to the
success of economic development (Ahmad and Sammy 1985).

Legislation

6.40 Legislatively mandated policies are more likely to be implemented successfully than those that
are not. Examples of legislation for managing water resources are discussed below.

6.41 %ter Act. This type of legislation provides a framework for a rational utilization of a nations's
surface and groundwater resources. Typically, it may define the ownership of a nation's waters, the
powers of the responsible ministry for controlling its utilization, protection, and setting rates, the types
of beneficial uses and procedures for obtaining use permits, and the responsibility for watershed
protection and provisions for conflict resolution.

6.42 Mbter Pollution Contml Act. Pollution control legislation may be used for controlling point and
nonpoint source discharges. Enforcing controls for point source discharge is generally easier than for
nonpoint sources. Direct regulation based on effluent standards, including perhaps permits or licenses
(or both) is often used for controlling point source discharges. Zoning regulations have been used for
controlling nonpoint sources from land use activities in urban areas. Controlling nonpoint sources from
agriculture and forestry management activities may require watershed management programs in which
soil and water conservation is an explicit objective.

6.43 Environmental Legislation. Broad-based environmental legislation can provide a framework for
an integrated approach for regulating development activities that affect environmental quality. Such
legislation may specify an environmental impact assessment requirement for integrating environmental
considerations in major development projects and programs.

6.44 Public Health Standards. While often not strictly a matter of legislation, such basic requirements
as drinking water standards may however be included in, for example, a water pollution control act.

Environmental Impact Assessment

6.45 An environmental impact assessment (EIA) is a policy instrument that has been used in many
countries for fostering sustainable water resources management. An EIA is also a means of improving
decisionmaking and planning by anticipating adverse physical, biological, and social effects of project
alternatives and by opening up the decisionmaking process to include diverse inputs from communities,
agencies, and nongovernment organizations potentially affected by the development.

6.46 An EIA comprises five basic steps: identification, prediction, evaluation, mitigation, and
monitoring. The first entails detailing the components of a project, the affected area, and baseline
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conditions. The second step consists of screening significant environmental factors and forecasting their
dimensions of change. The third step evaluates project alternatives using technical, economic,
environmental, and social factors. Step four defines the preventive, mitigatory, and compensatory
measures for the preferred alternative. Step five outlines the program for monitoring changes in
environmental components.

6.47 EIAs can be used for project, regional, or sector-specific water resources activities. (The World
Bank's Operation Directive 4.01: Environmental Assessment describes the Bank's requirements in this
area.) Project-specific EIAs could be required for most investments for water supply, flood control,
irrigation and drainage, sewerage treatment, and power generation. Regional EIAs can be used for
multiple projects, such as a series of dams, planned or proposed in a localized geographic area or for
river basin development planning. Regional EIAs may be an efficient use of resources for identifying
major issues in an area, compiling existing and baseline data which could expedite future project-specific
ElAs. They may also be useful for identifying conflicting demands on resources imposed by different
projects (for example, the combined effects of receiving water quality of effluent of several municipal
and industrial treated wastewater discharges), and for designing mitigation measures (World Bank 1991).
In this way the EIA process can be used to (a) incorporate cross-sectoral actions needed to properly
manage the water environment, (b) spur consultation and coordination among sectoral ministries, and (c)
achieve restoration and protection of the water environment.

6.48 Sectoral EIAs may be suited for reviewing investment options and for evaluating new policies,
for example water conservation programs. Their advantages in terms of efficient and expedient use of
resources may be similar to regional EIAs. Sectoral EIAs may also be used for assessing the institutional
requirements for performing environmental reviews, environmental management, and developing
monitoring programs (World Bank 1991).

Institutions

6.49 Environmental management entails a wide variety of tasks such as data collection, monitoring,
regulation, enforcement, advising, and EIA implementation, coordination, and oversight, each of varying
complexity. Different types of agencies are suited to perform some or more of these tasks.

6.50 Sectoral Agencies. Sectoral agencies such as a ministry of water development may be suited for
regulating and controlling the use of a nation's water resources and for watershed protection as defined
by the water act, for example. Their tasks might include collecting data and performing hydrological
analysis for determining available supplies, monitoring surface water and groundwater quality for
domestic supply (perhaps in conjunction with the ministry of health), and issuing permits for beneficial
uses. Pollution control might be the responsibility of a department within the ministry of water
development; this department might be responsible for regulating municipal and industrial wastewater
discharges (through monitoring and the issuance of permits) and enforcing sanctions using fines and other
penalties for noncompliance. While it is probably wise for one institution to bear the responsibility of
general water data collection, monitoring, and regulation, standards should be developed together with
other sectoral agencies such as the ministry of health.

6.51 Control of nonpoint source pollution might best be achieved through enforcement of structural
measures and nonstructural measures by different agencies. Ministries of agriculture and forestry might
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be responsible for monitoring and regulating soil erosion and farm chemicals in surface waters. Zoning
regulations enforced by local councils may be an effective way of controlling urban runoff.

6.41 Specialized monitoring (such as of aquatic species in priority rivers, lakes, or coastal zones) might
be undertaken by sectoral agencies (for example, a fisheries department in a ministry of natural
resources). A department of public health may gather data and administer programs on water-related
health matters.

6.52 River Basin Authorities. River basin authorities may be well suited for coordinating cross-sectoral
activities and their effects on basin water resources. Such authorities may be responsible for collecting
hydrologic, land, and water use data, performing hydrological investigations, and coordinating point and
nonpoint source pollution monitoring in the river basin.

6.53 Environmental Agencies. National environmental agencies would be suited for setting policy,
advising on complex cross-sectoral and cross-media issues, and implementing or coordinating the
implementation of environmental impact assessments.

Coordination

6.54 The effective management of water resources will depend on the capability of the government to
bring together diverse interests and integrate them in decisionmaking. Such integration should begin with
strategy formulation and continue to project planning, design and implementation. Coordination between
project proponents, and those affected by them will be especially vital for integrating the complex cross-
sectoral environmental issues.

6.55 Affected Groups and NGOs. Coordination with communities and NGOs may be vital to the
success of most major developments affecting their interests." Communities affected by reservoir
inundation, for example, may need to be resettled or compensated (or both) for dislocation, loss of
income-generating capability and other socio-cultural disruption. While the actual dimensions of most
such disruption may never be fully realized, incorporating the views of these communities in the planning
process would assist in understanding the nature and extent of the potential socio-cultural impacts as well
as the suitability of the preventive, mitigative, and compensative measures proposed for unavoidable
impacts.

6.56 Donor Community. Coordination with donor agencies and NGOs involved in water resources and
environmental management programs may be also beneficial. Some donor agencies and NGOs may
already have data and other information available on specific regions of a country or on specific sectors
of the economy." Having access to such information reduces the time-consuming and costly baseline

"A detailed discussion of community involvement and the role of nongovernment organizations is in World Bank
1991a, pp. 191-208.

"UNEP mair ains databases on major environmental issues covering many areas of the world. Nongovemment

organizations such as the World Resources Institute and the International Union on the Conservation of Nature
maintain significant environmental information on many areas of the world.
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data collection effort. Other donor agencies have often carried out major investigations useful for
formulating project alternatives.

6.57 Donor agencies may have access to recent technologies (such as new software for groundwater
or reservoir water quality modeling) as well as literature and information about their use and limitations.
Having access to such information can be useful for selecting planning methodologies. National
environmental agencies, river basin authorities and the ministry of water development can benefit from
such access. Some nations have donor coordination groups focusing on environmental and water
resources programs. Such organizations should be identified in the water resources assessment and the
problems of coordination should be explored.

WATER RESOURCES MANAGEMENT STRATEGY

6.58 The major environmental and public health issues and the existing institutional framework that
should be reviewed as part of a water resources assessment have been covered in the first two sections
of this document. Based on international experience, the following sections review what are likely to be
the major overall issues in these areas.

Priority Environmental Issues

6.59 Over-allocation of water resources and water pollution are the two principal causes of conflict
among competing uses of water. Such conflicts invariably affect the poor and the environment.
Excessive surface water diversions and groundwater pumping result in low downstream flows and basin
overdraft respectively. Both conditions often result in significant adverse environmental impacts.
Pollution from point and nonpoint sources affects most beneficial uses.

6.60 Allocation of W2ter Resources. Over-allocation of water is often a result of poor planning,
misallocation of resources, or poor management decisions. All basin supplies and uses including instream
flows and flow requirements for maintaining sensitive ecosystems and projected demands should be
considered when making planning decisions. Environmental uses should be given equal considerations
as other beneficial uses, otherwise sensitive ecosystems may be the first to suffer during conflict. Using
basinwide considerations for making management decisions may be an optimal use of water resources.
For example, operating a basin on a conjunctive use basis can optimize both surface and groundwater use.
During wet periods, surface water use can be increased and surplus supplies intentionally recharged and
during dry periods groundwater use can be increased. Such an operation, for example, could permit the
maintenance of higher flows for instream uses during the critical, dry periods. Strategies for addressing
water allocation issues should be included in the water resources management strategy.

6.61 Pollution Control. Pollution from point and nonpoint sources affects all beneficial uses.
Polluting water may render it unfit for potable supply or it may require costly treatment. Pollution may
limit the use of water for environmental purposes (for example, thermal pollution may affect fish
populations, organic loads may deplete dissolved oxygen levels, and toxic wastes may damage entire
ecosystems). Controlling waste discharges from point and nonpoint sources should be a priority objective
for protecting surface water and groundwater quality. This would first require identifying major point
and nonpoint sources and loads, then using the various techniques (standards, permits, or incentives) for
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controlling waste discharges, and finally monitoring changes in pollutant loads to enforce compliance and
determine the effectiveness of the controls.

6.62 Source identification would require information on water use, land use (chemical inputs, waste
discharges, sediment data, and hydrological data). Flow and water quality and waste discharge data
collected during low and high flow periods at major tributaries and streams can be used to estimate the
proportion of pollutant loads originating from different sub-basins or point sources.

6.63 Priority basins or geographic areas to be addressed in the short term should be identified in the
country water resources management strategy. In addition, priority investment needs for pollution control
infrastructure should be identified.

Priority Institutional Issues

6.64 Effective environmental management will require agencies capable of administering well-defined
regulations. Regulations mandated by legislation are often easier to enforce and are more likely to be
complied with. Strengthening existing legislation and institutions could be two options presented to
policyrmakers.

6.65 Strengthening Legislation. The country's water act, for example, could be strengthened by
explicitly defining environmental uses as important beneficial uses. Specific methods and procedures for
determining instream flows, for example, might be incorporated. For groundwater management, new
well field development should be based on the concept of aquifer safe yield as a way of controlling basin
overdraft. Procedures for adjudicating overdrafted basins should also be clearly defined in a water act
or similar legislation. Surface water diversions and groundwater water pumping could be regulated using
penalties (for example, monetary fines and imprisonment) for sanctioning uncontrolled diversions and
pumping.

6.66 A water pollution control act or similar legislation could be strengthened by defining control
techniques such as standards, permits, or incentives for managing pollution control. Direct regulation
for controlling point source discharges based on effluent standards could require dischargers to treat their
effluent to acceptable levels before discharging into receiving waters. Restrictions in terms of the timing
and locations of discharge may also need to be specified for cases where dischargers are concentrated
geographically or along vulnerable streams. Penalties such as fines, imprisonment, or orders to halt
operations could be specified for sanctioning violators.

6.67 Nonpoint sources may be controlled using various management practices. Procedures for
identifying, monitoring. evaluating, and controlling the various types of nonpoint sources should be
developed. Responsibility for controlling each type of nonpoint source should be defined clearly and
enforced through incentives, permits, and regular monitoring. Any monetary penalties in the water act
or the water pollution control act may need to be updated to reflect existing economic conditions or else
they may not provide sufficient deterrent or motivation for meeting the needed waste discharge
requirements.

6.68 Environmental legislation is also important and necessary for promoting an integrated approach
for regulating all activities that affect environmental quality Broad-based legislation may symbolize and
reflect public acceptance and political commitment for environmental protection and management. This
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legislation should mandate an EIA requirement for major project, regional, and sector-specific actives.
The legislation should specify procedures for EIAs, types of activities (for example, flood control, water
supply and power generation) requiring an EIA, contents of an EIA, and responsibility for implementing
an EIA and enforcing EIA compliance. Legislative priorities for addressing these issues should be
included in the country water resources management study.

6.69 Strengthening Institutions. Effective regulation and enforcement of environmental legislation
depends on the administrative capability of the institutions to perform their tasks. Although the
effectiveness of different institutions such as the ministry of water development, pollution control
department or national environmental agency varies, there are some common factors that govern
administrative effectiveness. These include political mandate, resources, data, expertise, and
coordination.

6.70 A political mandate will be important for successful environmental management. A strong
mandate not only legitimizes the role of an institution but it also provides the necessary clout to perform
the regulatory and administrative tasks that frequently entail conflict resolution (Hirji and Ortolano 1991a
and 1991b) Regulatory tasks may include setting standards for supplies and effluent standards, issuing
permits, setting charges, conducting monitoring and site inspections, enforcing compliance and imposing
penalties.

6.71 Adequate funding is important for successfully performing tasks efficiently and effectively.
Funding will be needed for hiring trained manpower, for collecting data, for purchasing laboratory
equipment, for performing complex hydrological and water quality analysis, and for transportation and
administration.

6.72 Data is central to all types of environmental analysis and evaluation. Baseline data are frequently
used for most analysis of past, ongoing, and future projects. Well-designed surface and groundwater
monitoring programs are necessary for collecting baseline data and for measuring changes in ambient
conditions in water supplies and qualities. Monitoring land and water use, hydrologic, biologic, and
social data are also necessary for a variety of environmental analysis, evaluation, and decisionmaking.

6.73 Trained personnel are crucial to performing various tasks involved in environmental management.
Technical and managerial capability is needed for policy and program planning, implementation,
coordination, and administration. The water resources assessment might examine skill and training
requirements in this area.

6.74 Funding Priority Pollution Control Efforts. Immediate steps should be taken to address the
priority pollution control issues identified above. The primary bottleneck will be funding. Revenues
from both taxes and services provided by the government could possibly fund a sectoral ministry There
are several other options for supporting immediate water pollution control.

* Charges or tariffs could be imposed on pollution discharges. The revenue generated
could be used for pollution control. This is sort of a pollution control program may have
a wide public appeal, since polluters would have to bear the cleanup burden. However,
a question of equity may arise. Since point sources are easier to regulate than nonpoint
sources, point-source dischargers may end up paying a disproportionate cost of pollution
control compared with nonpoint-source dischargers. Setting charges for point-source
discharges is also complicated. Charges set on the basis of volume or concentration of
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waste each have their advantages and disadvantages, which would need to be considered
carefully.

* Pollution control costs could be built into the price of products and services generating
the wastes. For example, the price of finished paper or finished leather could include the
cost of waste treatment incurred by the pulp and paper industries or the tanneries. This
option may even be extended to control nonpoint sources even though its regulation and
enforcement may be more complicated. Zoning regulations for controlling erosion may
include additional fees as part of permit fees for land use or construction activities, for
example.

* Securing multilateral and bilateral funding may be more appropriate for addressing
priority issues needing immediate attention or for developing and initiating the longer
term water pollution programs.
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CHAPTER 7 INTERNATIONAL ISSUES

7.1 Water does not respect borders. When a significant amount of the water used in one
country comes from another, or when sources (such as aquifers) span international borders, the entire
process of formulating a national water resources management strategy can change. Similarly, obligations
to provide water of a certain quality to downstream users can become a significant aspect of a country's
national water resources management strategy. Over 200 river basins are shared by two or more
countries. International conferences such as the 1992 Dublin Conference on Water and the Environment
and the 1992 UNCED in Rio de Janeiro have stressed the need for comprehensive management of water
resources using the river basin as the focus of analysis. Cooperation and goodwill among states sharing
a drainage basin are essential for efficient development and utilization of international rivers and
groundwater aquifers. In order to fulfil their own economic development goals, it is important that such
states formally collaborate to exchange data, share waters, preserve the environment, and generate
development programs that are of joint interest and benefit.

7.2 This chapter suggests how international considerations can be included in the process of
formulating a national water resources strategy and presents some of the main considerations that arise
in setting up of collaborative arrangements between basin states. It draws on international experience and
on the various rules that have been published by the International Law Association (ILA) and International
Law Commission (ILC) on the uses of the water of international rivers and of ground water aquifers.
Finally, the chapter discusses types of river basin organizations (RBOs) and the factors that influence their
success as well as the concept of joint commissions for managing water resources.

7.3 Many of the suggestions and principles in this chapter apply not only to international waters but
to national waters that flow between provinces or regions.

INTERNATIONAL ASPECTS OF WATER RESOURCES STRATEGY

7.4 It should be immediately obvious to the group charged with formulating a national water
resources management strategy whether the international aspects of the resource deserve significant
attention. For those countries that receive a substantial portion of their water from international sources,
the major focus of the strategy team's efforts may be international, especially when devising and choosing
policy options. Other countries may wish to devote a portion of the strategy team's effort to international
aspects or to devote a task force, working group, or workshop (perhaps even an international workshop)
to these matters. It is also conceivable that some countries will want a process for examining
international aspects that runs parallel to the national aspects of developing a water resources strategy.
In general, however, the process of assessing water resources (phase 1) should be somewhat similar in
most countries; for some, dependence on international sources will be a major issue, and how to most
efficiently (and equitably) manage such resources will be the chief question in developing and choosing
options (phase 2).

7.5 It may be that formulating a national water resources strategy without directly involving
neighboring riparian countries would be fruitless. Perhaps several riparian countries will wish to
undertake strategy formulation together or at the same time. This could certainly further comprehensive
river basin planning.
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7.6 At minimum, the strategy team may wish to review existing international treaties during the
assessment of water resources and suggest realistic options if change in such arrangements is required.
The strategic plan might suggest areas of further collaboration by riparian states.

INTERNATIONAL WATER LAW

7.7 The main initiatives in international water law have been taken by the International ILA and the
ILC. The ILA is an NGO and the ILC is a subsidiary organ of the General Assembly of the United
Nations. Founded in 1873, the ILA became engaged in water resources in 1954. This led, in 1966, to
formulation of the well-known Helsinki Rules on the Uses of the Waters of International Rivers. The
ILA has remained very active in this field. It has published a number of corollaries to and clarifications
or completions of the Helsinki Rules including some modifications to their application to groundwater.
The ILC, founded in 1948, was initially oriented toward navigation and took up the study of non-
navigational use of international watercourses in 1970.

7.8 The Helsinki Rules are widely adopted as a basis for international negotiations and collaboration
on river basin development. They embrace the concept of a drainage basin as an economic and
geographic spatial unit within which water resources are treated as the common property of all basin
states. Furthermore, they rest on the principle that each basin state is entitled within its territory to a
reasonable and equitable share of the beneficial use of the waters of an international drainage basin.
Among the relevant factors in a consideration of the measure of an "equitable share," the Rules list the
geography, hydrology and climate of the basin in each concerned state, past and existing water users,
social needs of each basin state, costs of development and, very importantly, the degree to which the
needs of a basin state may be satisfied without causing substantial injury to another state in the basin.

7.9 There has been little serious criticism of the value of the Helsinki Rules as a basis for negotiation.
Some feel, however, that the "drainage basin" is not always the appropriate spatial unit and others have
suggested that the full application of the Rules can detract unduly from the autonomy of a basin state.

7.10 Groundwater did not have a prominent place in the Helsinki Rules and some experts have felt that
the Rules were unclear on this subject, but the ILA's position was modified in 1986. Until that time
isolated groundwater basins (those unconnected with the surface body of water) were not considered to
be part of a drainage basin simply because they did not "flow to a common terminus" as described in
Article II of the Rules. An important change in 1986 was that the "common terminus" requirement was
effectively dispensed with in respect of transboundary aquifers that are not connected to the surface water
body. An aquifer that is connected to the surface water body is deemed to flow to a common terminus
and has therefore always been covered by the Helsinki Rules.

7.11 The ILC has not yet gone as far as the ILA and includes as international watercourses only those
aquifers that are connected to the hydrological system of the river. International groundwater should be
considered with care if only because it is usually very difficult to establish whether extracting water from
a transboundary aquifer in one country can cause substantial harm to the interest of another. This is
particularly so if the ILC position is followed for an aquifer that is not connected to a surface system.
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7.12 There are two substantive principles that emerge strongly from the Helsinki Rules and from the
work of the ILC that now receive general acceptance in international rules. They are:

* A prohibition of appreciable harm by way of deprivation of water rights, pollution or
other means

* The right of each basin state along an international waterway (drainage basin) to a
reasonable and equitable share in the utilization of its waterway.

7.13 Regardless of the extent to which the aforementioned principles may be adopted by basin states,
there is one principle of paramount importance. This is the principle of good faith and good neighborly
relations that should govern the use of all international waters and matters connected with them.

OBJECTIVES OF COLLABORATION

7.14 The primary objective of international collaboration between basin states is often perceived to be
the resolution of conflicts. This is, however, a position of last resort. The primary objective must be
to develop the resources of a drainage basin for the mutual benefit of its several connected states. If that
objective is achieved, potential conflicts can be avoided, or they resolve themselves.

7.15 Whatever objectives are set, they should fit into a carefully constructed strategic framework that
includes realistic priorities from the standpoint of all participating basin states. Several international
endeavors have failed to achieve their aims because their specific objectives were either too ambitious in
the first place or they did not represent true priorities for the member state. Such failure can occur
because basin states have not adequately prepared their own national plans or the river basin organization
set up by the basin states has itself done inadequate overall planning and has attempted to move too
rapidly to the project implementation stage. This can result in the need to halt project preparation
because projects that do not fit into an integrated basin plan attract inadequate financial and political
support. It is then necessary to return to the planning and strategic formulation stage before project
implementation can be resumed. This has occurred in the case of the Gambia Basin Authority (the
Organisation pour la Mise en Ibleur du Fleuve Gambie).

7.16 There is evidence that the most successful endeavors in international collaboration are those that

* Focus on well-defined objectives such as water-sharing (for example, the Indus River
Basin Agreement between India and Pakistan) or the construction of specific common
works, such as the Kariba Dam on the Zambezi River

* Develop projects that are of joint benefit to several or all of the basin states and are not
essentially national projects

* Develop projects that are related and form part of a long-term integrated river basin plan.

7.17 Comprehensive water resource strategic planning is a prerequisite to any successful collaborative
program in international river basin development. It is perhaps even more important to the international
than the national situation if only because international treaties offer less flexibility for later adjustments
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than do domestic arrangements. Of the various components of comprehensive water resource strategic
planning-physical, technical, management, socio-economic, environmental, political, and legal-the first
two are of particular importance in international situations. These concern among other things the need
to:

* Integrate the several potential sources of water, namely surface, ground, reclaimed, and
desalinized water as appropriate

* Integrate water supply and waste water disposal

* Control pollution at appropriate levels.

7.18 Until recent years, little attention was given to groundwater and its conjunctive use with surface
water, but there are now moves to include it as part of the total resource of an international drainage
basin (please see the section on international water law below).

7.19 In the irrigation of arid zones, disposal of saline drainage effluent is becoming a greater problem
as the total resources of rivers approach full development. This has important international implications.
The mixing and diluting of saline effluents with the water supplies of the general irrigation system is a
crucial element in the overall management of the crop environment and in the levels of salinity in the
river waters that pass to downstream states. International law on such transboundary water pollution is
weak and poorly codified. The resolution of pollution problems depends very much on negotiation of
agreements between countries. One example is the agreement between the governments of South Australia
and Victoria in Australia.

7.20 As with national river basins, international basin planning involves comprehensive assessments
of (a) available resources, (b) potential demands, (c) constraints-physical, social and environmental, and
(d) feasible development options. Assessing feasible development options leads to the next stage-policy
and strategy formulation and the preparation of an action program or similar development program.

7.21 Evaluation of any of the above four items can be done either on a national basis by each basin
state or RBO, acting on behalf of all concerned states. In some cases all four activities have been pursued
unilaterally and only at the subsequent stage of policy and strategy formulation do the various parties
came together; this was the case in the Indus Settlement of 1960. The latter procedure has the advantage
of creating a stronger sense of "ownership" and participation on the part of basin states. On the other
hand, central planning by an RBO is theoretically more efficient and can lead to rapid results.

ASSESSING THE DATA BASE

7.22 A good data base including hydrology, land resources, demand projections, and inventories of
potential development projects, and environmental conditions is essential to any international dialogue on
water affairs. Unsound and inadequate data give rise to dispute and uncertainty that can seriously hinder
progress and detract from the quality of project preparation. Most principles governing data
measurement, retrieval, and processing (please see chapter 4) apply equally to national and international
drainage basins. There is one important difference, however; for international rivers there is a distinct
need for frequent exchange of data between basin states so that apparent discrepancies in either the raw
data or its processing can be identified at an early stage. Such discrepancies need to be resolved as they
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become evident so that sources of error can be rectified without delay. Otherwise, disputes may occur
and in some cases errors in data recording may be perpetuated. In several international river basins,
there has been an unwillingness to exchange data and information unless exchange is established by
formal agreement. In such circumstances, every effort should be made to reach agreement. Article
XXIX of the Helsinki Rules recommends that "each basin State furnish relevant and reasonably available
information to the other basin States concerning the waters of a drainage basin within its territory and its
use of, and activities with respect to, such waters."

7.23 Data is generally collected on a national basis by each basin state. In some cases, specific data
is collected regionally by a jointly formed river basin organization or other agency. The choice depends
on local conditions and the nature of the data. For example, navigation data on the Mekong River was
collected by the Mekong Secretariat, the RBO. Boundary surveys in Lake Chad have been carried out
under the auspices of the Lake Chad Commission (an RBO), whereas hydrological data in the Lake Chad
basin is collected as a national activity by the basin states.

WATER SHARING AND ALLOCATION

7.24 The data base and the planning process provide the information from which the available water
resource and the potential demands on them can be evaluated by each basin state. That evaluation then
provides the basis for negotiation of the shares of water that could be allocated to each state and that
might be inscribed in a treaty between basin states.

7.25 Water allocations are made in various ways according to circumstances. In some situations, like
the Indus basin, water may be shared by the allocation of the complete flow of a sub-basin. More usually
such "block" allocations are not feasible and water sharing is on a proportional basis. This is the case
with the Nile between Egypt and Sudan and the Komati River between Swaziland and South Africa.

7.26 For the purpose of international agreement there is a strong case to be made for measuring water
allocations at a specific point (for example at Aswan for the Nile) and to adjust, by an agreed formula,
for transmission and operational loss, either positive or negative, to the point of abstraction.

7.27 It is important to take into account all significant water uses and return flows in preparing the
balance sheet that will form the basis of a treaty. These include not only the main direct uses of water
for rural, urban, industrial, and recreational purposes and for irrigation, but also evaporation losses from
reservoirs and return flows from irrigation and from urban and industrial uses.

7.28 In some situations, it is advisable to include the consumption of water by forests in the water
balance and hence in allocations inscribed in a treaty, as in the treaty between Swaziland and South Africa
regarding the Komati basin. This is done by stipulating the limits to forested areas and relating those
areas to water demands based on estimated consumption.

7.29 Water allocations to different sectors are assigned different assurance levels. For example, urban
supply may be 98 percent or even 100 percent against 65-75 percent for irrigation. The right to convert
one allocation to another by a predetermined conversion factor is often formally included in agreements.

7.30 General rules for water rationing during extreme droughts need to be incorporated in treaties, but
the responsibility for detailed operations during such events may be more appropriately assigned to an
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RBO established specifically for the operation and maintenance of any common works, such as a storage
dam (please see the following section).

TYPES OF RIVER BASIN ORGANIZATIONS

7.31 Creating some kind of RBO is a practical step toward international collaboration for the
development of a river basin. The scope of the terms of reference of a RBO can cover all or any of the
following activities:

* Data collection
* Planning
* Water allocations
* Raising funds for studies and project implementations
* Project cost sharing
* Implementation of projects
* Operation and maintenance of projects
* Monitoring water use, control of pollution and preservation of environmental conditions

7.32 River basin organizations vary from joint commissions concerned with little more than water
sharing to organizations that have major executive functions and are corporations. Examples of the
former are the India-Pakistan and Sudan-Egypt joint water commissions, and of the latter the Senegal
basin's OMVS which covers almost all of the functions listed above. It is desirable, if not essential, that
an RBO operate continuously and not be ephemeral in its activities. It must exist as a point of reference
at all times so that any issue among basin states can receive immediate attention.

7.33 It is advisable to establish river basin organizations in progressive steps so that they may evolve
to conform as precisely as possible to the needs of each situation. As a first step, a provisional
commission can draft a treaty and constitution for the creation of a permanent joint water commission.
This process may call for specific studies initiated by the provisional commission. At a later stage, the
permanent joint water commission can both create and regulate any further body that may be required,
such as an RBO charged with the implementation of specific works and studies. Some RBOs (like the
OMVS) may provide in one organization a wide range of functions from planning to project
implementation and management of completed works. It is, however, usually more expedient and logical
to separate the policy- and strategy-level responsibilities from the executive actions and implementation
programs. For example, a joint water commission might be formed as the main policy body with a wide
brief that may encompass all drainage basins shared by the member states. Another RBO might then be
established in the form of a corporation with a full legal status with specific responsibilities to execute,
operate, and manage specific projects. Normally, the executive RBO would be answerable for policy
direction to the joint water commission.
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FACTORS CONTRIBUTING TO THE SUCCESS OF A RIVER BASIN ORGANIZATION

7.34 Four important requirements for the establishment of an effective RBO are:

* Political and financial commitment on the part of the member states
* Clear definition of what the member states require of the RBO
* Defined procedures for interaction between the RBO and the national agencies
* An organization, incentive structure, and staff for the RBO that are compatible with its

responsibilities and its legal status.

7.35 Experience has shown that the most successful RBOs are those that have well-focused, if not
narrow, objectives and that concentrate on projects that form common works beneficial to several basin
states. There are cases, however, where not all states will benefit or be concerned with a particular
common work. In such cases it is expedient to limit the arrangements for project implementation to the
states concerned.

FURTHER INFORMATION

The International Law Association (ILA), 17 Russell Square, London WCIB 5DR.

The International Law Commission (ILC), The United Nations, New York, New York 10017.





Annex SUGGESTED TERMS OF REFERENCE FOR WATER
RESOURCES STRATEGY FORMULATION

A. 1 This annex suggests terms of reference for the expert team that is chiefly responsible for water
resources strategy formulation. These terms of reference have been taken from a number of actual or
proposed water resources assessments or plans. They are meant to be general, however, and to serve as
an outline for preparing specific terms of reference for particular situations. The terms of reference
presented below will need to be adapted to reflect

* Country conditions, including political, social, economic, institutional, and hydrological
circumstances

* Existing water resources management practices and policies, including the work that has
been done previously to design policies, strategies, master plans, or resources
assessments

* Different geographic coverage, where some aspects of the scope of work may need to be
international, some national, and others local

* Varying time required for strategy formulation, which may be short (one year) in some
countries and long (three years) in others.

Formulating a national or international water resources strategy must above all be a manageable process
with achievable goals.

A.2 This annex is based on the strategy formulation process outlined in chapter 1 of this guide. Please
refer to the chapters of the text for an explanation of the process and for brief discussions of the major
subject areas in water resources management. That process assumes the existence of an interministerial
committee (or other responsible body) to guide and oversee strategy formulation and an expert team to
perform the necessary work, drawing upon partners (outside expertise) as necessary. One of the tasks of
the expert team is to determine how the process of strategy formulation will unfold. The first job of the
team or its leadership will probably be to develop or negotiate the terms of reference with its oversight
body (the interministerial committee). This will involve financial considerations.

A.3 Chapters 2-7 of the guide discuss basic aspects of substantive matters that should be discussed
in formulating a strategy; accordingly these terms of reference merely present a list of potential activities.
These terms deliberately avoid making any recommendations or elaborating on any common benefits or
disadvantages in certain aspects of water resources management.

A.4 Because water resources management overlaps in many areas, some of the terms below are
repeated in different contexts. It is difficult to identify, for example, whether the adequacy of river basin
arrangements between countries is primarily an "institutional" or an "international" issue or whether data
on pollution falls into the category of "information" or "the environment." It is probably more important
that the various issues be considered in strategy formulation than that they be classified correctly.

A.5 Both in the expert team's determination of process for its work and in the terms of reference
finally agreed on, it is important to be specific about the tasks to be performed and the amount of time
to be devoted to each. The final terms of reference should specify what reports should be prepared and
when they are due. The reports might include an inception report once the process has been agreed, an
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the political organization of the country, there may be some discussion with the leadership and ministers
before agreeing on a strategy, or the recommendations may need to be reviewed or passed by a legislature
before a strategy is finally in place.

CRUCIAL ELEMENTS

A.6 A number of elements discussed in the main text of this guide are crucial to the success of the
strategy formulation process and should be in place or occur before the work begins. Briefly, these are:

* An existing national economic and water or environmental policy framework
* Government commitment at the highest level to forming a comprehensive water resources

management strategy
* Agreement that the process will be collaborative, consultative, and transparent
* Appointment of an interministerial steering committee or other body to oversee the

process and possibly choose options
* Recruitment of a team of experts that should be composed chiefly of a country's own

nationals
* Agreement on the team's terms of reference and budget
* Determination by the expert team of the partners and process for strategy formulation,

including identification of major stakeholders in water resources decisions and
determining their appropriate role in all phases of the process.

SCOPE OF WORK

A.7 Formulating a water resources management strategy will cover the following main tasks.

Phase 1

* Review of development objectives and key water-related policies

* Assessment of the availability of water resources in terms of both quantity and quality,
covering surface water, groundwater, and nonconventional water sources (for example,
desalinization, wastewater reuse, and water imports)

* Assessment of past and present water resources development and use, including an
evaluation of existing infrastructure

* Identification and evaluation of the main issues faced in the water resources sector,
including, but not limited to, issues of policy, planning, technology, institutional
structure, the environment, and international relations

* Projections of future water supply and demand, and the presentation of alternative
scenarios for the future water balance
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Phase 2

* Formulation of options that address the key issues emerging during inventory and
analysis

* Evaluation of alternative strategies for managing water resources, including those relating
to the management of supply (for example, investment, allocation, and real-time
management) and those relating to the management of demand (for example, regulatory
measures and controls, pricing, incentives, finance, and markets); these strategies should
include considerations of both water quality and protection of the environment

* Presentation and recommendation of options to an oversight body (interministerial
committee). The oversight body should either choose among these options or forward
them, with endorsement, to decisionmakers.

* Detailing of further investigations and studies required to implement the strategy at the
national, regional, international, and basin levels as appropriate.

A.8 The expert team will include water resources stakeholders as appropriate in both phases of the
strategy formulation.

PHASE 1: RESOURCES ASSESSMENT

A.9 The first [indicate here a timeframe] will be devoted to assessing existing water resources and
policies. This will cover the following areas.

Examination of National Development Goals and Key Water-Related Policies

A. 10 This task should establish a list of a country's economic and social development objectives and
water-related policies. The remaining tasks will be focused on the areas identified by those objectives.

Inventory

A.11 Assessment of Existing Information and Studies. Review from both a quantitative and qualitative
standpoint of existing sources of data on water resources, including statistical sources, studies, documents,
maps and ancillary reports, and identification of any data gaps.

A.12 Review of analytical methods currently used to assess water resources and water resource issues,
together with an evaluation of their strengths and weaknesses.

A.13 Review of how data is collected and treated (including the interoperability of data bases) and how
it is disseminated, including who has access to existing data bases.

A.14 Review of existing treaties and arrangements for international water resources management,
including the availability and exchange of international data on climate, land use, and water.
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A. 15 Assessment of the Physical Resource Base. General description and assessment of the physical
resource base, including, climate, land, water, and other relevant characteristics.

A. 16 Assessment of surface water availability allowing for re-use of drainage flows, and covering those
resources fully available to the country and those shared with other countries, together with a review of
present agreements concerning water allocation among the countries of the major river basins.

A. 17 Assessment of the availability of groundwater, taking full account of actions between surface
water and groundwater in the hydrological cycle, as well as of potential international aspects arising from
shared groundwater aquifers.

A. 18 Assessment of water quality and related issues having to do with surface and groundwater,
including an evaluation of the point and non-point sources of pollution, and the nature of any trends over
time.

A. 19 Identification of sensitive ecosystems such as wetlands, estuaries, and coastal zones and
assessment of how the aforementioned issues affect these ecosystems.

A.20 Mbter Resources Development and Use. Description of how water has been allocated between
different consumptive and non-consumptive uses, together with an assessment of the basis for such
allocations and priorities between them under normal and extreme conditions, for example at times of
drought.

A.21 Evaluation of past and present development of single and multi-purpose water supply and control
infrastructure, both within the country and in interconnected systems in neighboring countries, including
water storage projects, water diversion, and inter-basin transfers, pump projects, flood control and river
training works, and associated developments.

A.22 Assessment of past and present programs in water supply and disposal related to human
consumption and industrial purposes, including trends in the coverage of water supply and sanitation
services, the nature and development of industrial demands for water, and trends in other domestic and
municipal uses.

A.23 Assessment of past and present programs in the irrigation and drainage sector, covering traditional
settled areas as well as newly developed land reclamation and settlement schemes, and with reference to
the nature of the supply and drainage system (for example, gravity or pumped, the performance of
irrigated agriculture, the emergence of waterlogging, secondary salinity and other adverse environmental
impacts in irrigated areas.

A.24 Evaluation of the impact of in-stream uses on the environment, evaluation of the environmental
impacts of water development, notably those related to the development of hydrogeneration and the
operation of the electric power systems.

A.25 Institutional Issues. Evaluation of the institutional system governing the development and
management of water resources, including, but not limited to, legislation, the regulatory and
administrative framework, management of the water resource, and provision of water services to end-
users.
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A.26 Analytical review of existing legislation and preliminary identification of modifications to such
legislation that may be desirable to address medium- to long-term goals.

A.27 Analytical review of the existing regulatory framework governing water and associated land use
as it effects water use, water quality, and the control of the water resource, for example during droughts
or floods, and the preliminary identification of modifications to the regulatory framework in support of
sustainable economic development goals.

A.28 Analytical review of the agency functions and organizations with respect to the management of
the resource. This includes review of functional links in agency responsibilities for water and associated
land use, surface water and groundwater, and water quantity and quality. Functions relating to the
management of the resource include

* Data collection, processing and dissemination
* National policy formulation
* Water resources planning
* Developing and enforcing water resources regulations
* Operations management of water resources systems
* Pollution control and enforcement
* Regional or hydrological basin planning and management
* Regulation and oversight of water resources institutions.

In respect of river basins in particular, the role and effectiveness of river basin organizations should be
reviewed.

A.29 A critical review of agency functions and organization with respect to the delivery of water
services (utilities, water users' associations) including

* The degree of autonomy and financially accountability of entities responsible for the
provision of measurable water services that are organized as utilities delivering defined
services to their customers for a fee

* Involvement of the private sector in the provision of measurable water services either in
the form of cooperative or user groups, or where appropriate of private interests involved
in ownership, management, or concession arrangements.

A.30 Consideration must be given to the delivery of water services in such areas as water conveyance
and wholesaling, water supply and sanitation, and irrigation as they relate to other in-stream and
environmental uses.

A.31 Consideration must be given to the government's role in strategic planning at the level of the
individual sector, together with the provision of policy guidance and technical support to autonomous
utilities and other entities.

A.32 Human Resources Development. Estimates of both available and required skills should be made
during the water resources assessment. Training needs should be geared to long- and short-term
institutional objectives. General skill areas that could be evaluated include technical (for example,
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fisheries specialists, hydrologists, and toxicologists), managerial, and cross-disciplinary skills (for
example, ecologists).

A.33 Human resources development involves employment practices, career structures, and professional
and financial incentives. Staffing patterns must be well understood and opportunities for promotions,
commensurate with merits, assessed.

A.34 Economic Issues. Description of how water and its delivery is priced, including the analytical
techniques used in pricing and economic analysis.

A.35 Review of current water pricing in view of the principles of cost recovery and equity. Review
will include issues such as water price subsidies and indirect pricing or taxation methods (for example,
fuel taxes).

A.36 Review of the methodology used to price water.

A.37 Review of the availability of data necessary to establish an opportunity cost or shadow price for
water.

A.38 Environmental and Health Issues. Description of the state of water resources and of key portions
of the natural environment that are closely related to water availability and quality. Review of the major
water-related public health issues.

A.39 Inventory of matters related to the physical resource base and the environment, including the
affects of water development on the environment (please see paragraphs A. 15--A.24).

A.40 Description of the incidence and conditions associated with major water-related diseases,
especially those related to water supply and sanitation.

A.41 International Issues. A review of the adequacy of existing international arrangements for water
resources management.

A.42 Assessment of the physical resource base in terms of international river and hydrological basins
(please see paragraph A. 15).

A.43 Review of existing treaties and arrangements, including the terms of water supply agreements both
as to quantity and quality, and data exchange (please see paragraph A. 14).

A.44 Assessment of the effectiveness of treaties and of institutions such as river basin organizations
or national institutions charged with fulfilling the responsibilities mandated by international treaties or
agreement, covering whether treaty or agreement obligations have been met (by all relevant parties) and
identification of major international issues.

A.45 Consideration of whether, in view of a high proportion of international water resources, planning
should be undertaken on a regional or international basis, or whether is possible or feasible to undertake
strategy formulation for an entire river basin (assuming it crosses regional or international borders).
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Key Issues: Selection, Analysis (Projections), and Ranking

A.46 Selection. Choice of major immediate and long-term issues that must be addressed by a water
resources strategy. The team should give consideration to those issues that may not be readily apparent,
but that may have major long-term implications. The team should bear in mind that if the remainder of
the strategy formulation process is to remain manageable, the number of issues will probably have to be
limited.

A.47 Analysis (Projections). Estimation of past trends and the present position with regard to the water
balance based on present levels of efficiency in water use in different sectors, accounting for re-use and
other resource inter-actions, allowing for annual, seasonal, and regional variability in supply and demand,
and, to the extent possible, reflect the impact of quality on the nature of the water balance.

A.48 Projection of future water supply and demand over the medium and long terms, and presentation
of alternative future water balances based on differing assumptions concerning such factors as
international agreements relating to water allocations and the need to augment flows to water bodies,
population projections and the level of per capita consumption of water, industrial development and the
effect of regulation on industrial and municipal demands, irrigation development and the impact of
rehabilitation and modernization programs on the efficiency of irrigation use, the effect of drainage and
related developments on the need to leaching water and the volume of return flows, demand management,
including pricing and marketing issues, and any other significant developments as they may affect the
water allocation and balance.

A.49 Assessment of alternative future trends and prospects with regard to water quality, taking into
account the effect of irrigation, drainage, and municipal and industrial development, and the potential
mitigating effects of investment, regulatory, and incentive measures on water quality.

A.50 Ranking Issues. In view of the projections and analysis, ranking issues in order of their
importance in supporting development objectives and key water-related policies.

Output

A.51 [The terms of reference should specify what the products of phase 1 should be in terms of reports,
summaries, presentations, and the like as well as setting dates for such output to be ready.]

PHASE 2: STRATEGY DEFINITION

A.52 Strategy definition comprises developing and evaluating options together with making firm
recommendations to policymakers about which combination of options appears most suitable to achieve
goals. [A timeframe should be suggested for phase 2].

Developing Options

A.53 This stage involves formulating alternative measures that address the issues identified in phase
1. Since each country is different, the options will be as varied as the major issues identified. The options
might include:
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A.54 Mter Supply. Options related to the management of supply, including those related to

* New surface water supply and control, both within the country and in connected systems
in neighboring countries

* New groundwater sources, taking into account interaction with surface supplies in the
hydrological cycle

* Non-conventional sources of water

* Rehabilitation and modernization of water supply and drainage storage and conveyance
facilities and their effect on the efficiency of water use and water disposal

* Modifications in management of supplies to meet alternative allocation objectives or
improve the efficiency of water use

A.55 Mter Demand. Options and in the management of demand, including those related to

* Regulatory measures that mandate particular patterns of water supply and use, including
quantitative restrictions, control of groundwater extractions, and rotational supply, for
example in surface irrigation systems

* Regulatory measures that mandate particular quality standards, both to achieve
environmental objectives and to encourage recirculation of industrial process and other
water.

* Technical interventions in irrigation including canal lining and improved distribution
technologies, land levelling, and advance on-farm irrigation practices, for example
improved furrow irrigation, sprinkler, and micro-irrigation (notably drip), and irrigation
scheduling and other operational improvements both on-farm (to meet crop water
requirements more accurately and at the level of the main system

* Technical interventions aimed at conserving water in other contexts, for example
rehabilitation of urban water systems

* Introduction of water tariffs and financial penalties and incentives designed to encourage
investments in water-saving technologies such as those described above and to promote
economically efficient levels of water use

* Public education and awareness programs designed to inform consumers of the real value
of water and to promote desirable changes in behavior.

A.56 Mter Quality. Options for establishing or maintaining water quality in terms of

* Institutions responsible for establishing, standards and for monitoring, and enforcement
of those standards
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* Major geographic or functional areas requiring immediate attention, including
ecologically sensitive zones and agricultural areas

A.57 Information. Options relating to the need to gather and distribute necessary information on both
a discrete (i.e., how to obtain specific pieces of information) and systemic (i.e., how the information
system should be set up) basis. Development of options concerning the latter will include suggestions for
institutional arrangements for data handling and dissemination, including options for working within
existing institutions where feasible.

A.58 Institutional Issues. Options related to institutional arrangements including those related to the
regulatory measures described in paragraph A.25 as well as:

* Options for harmonizing or making consistent various laws and regulations within the
framework of the legal regime for water resources management, including considerations
of ownership of or use rights to water

* Options for a structure to enforce laws and regulations and to manage the process of
water resources planning, as well as definite suggestions as to which organizations should
have responsibilities for the functions of national resource policy and planning, data
collection and dissemination, pollution control and enforcement, and regional or river
basin planning and management

* Options for links between and among government areas and departments

* Options relating to the structure and management of water supply and sanitation and
irrigation and drainage organizations, including consideration of decentralization to the
extent feasible, cost recovery, financial autonomy, and the formation and use of water
users' associations

A.59 Human Resources Development. Options on short and long term training requirements, including
requirements for cross-disciplinary skills.

A.60 The options involve employment practices, career structures, and professional and financial
incentives. The options should consider the possibility of employing expertise in human resources
development on the permanent staff of large institutions or as consultants to smaller organizations.

A.61 Consideration should be given to having a utility provide a university with funds to participate
in the development of options.

A.62 Economic Issues. Options related to the allocation of water on an economically efficient basis,
including the need for data to determine such an allocation. Consideration of the institutions that will be
responsible for gathering or maintaining requisite data.

A.63 Environment and Public Health. The former may comprise many water quality options in addition
to
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* Options for protecting or reclaiming natural ecosystems, especially those that are
economically important or that serve as important protection from natural or man-made
problems

* Options for assessing the environmental impact (including the social impact)of water
development projects

* Options for improving public health including water quality standards, institutional
options, and public education campaigns.

A.64 International Options. These may include options for joint or international river basin planning
and management, for solutions to specific disagreements or disputes, or for negotiation (or re-negotiation)
of international treaties.

Evaluating Options

A.65 Clear articulation of the criteria to be used for evaluating options, including the values of
practicality and sustainability.

A.66 Evaluation of alternative combinations of supply and demand measures to achieve national goals
and objectives, where possible using standard economic and other analytical techniques.

A.67 Evaluation of information system, institutional, economic, environmental, public health and
international options.

A.68 Evaluation of cost recovery and other water pricing measures.

A.69 Evaluation of alternative options for building the capacity to deliver water and manage it,
including examining decentralization of services and community involvement.

A.70 Evaluation of risks associated with options or combination of options.

Recommendations

A.71 Detailed recommendation of a set of options that the team considers best suited to best achieve
development goals and support key water policies, together with identification of institutions to implement
those options.

A.72 Presentation of options, together with the short and long-term implications of each (including
potential risks) to the oversight body (interministerial committee).

Output

A.73 [The terms of reference should specify what the products of phase 2 should be in terms of reports,
summaries, presentations, and the like as well as setting dates for such output to be ready.]
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