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In the highlands of Ecuador, as in other 
Andean countries, greater competition for 
declining water resources led to increasing 
conflicts and applications to register water 
rights. The provincial water agencies re-
sponsible for water allocations were under-
staffed, and water resources privatization, 
viewed as ineffective by many, was making 
national management and water conflict 
resolution more difficult. The decentraliza-
tion of power to provincial authorities – 
rather than to user collectives – exacerbat-
ed perceptions of inequality and injustice 
in the water sector. In July 2005 thousands 
of water users demonstrated in Riobamba, 
demanding removal of the state water 
agency staff for inequitable treatment 
of indigenous peasant and female water 
users. Many community organizations 

also gathered to establish a provincial 
water user federation (interjuntas), to build 
capacity among water user organizations 
and foster discussion forums on water 
policy-making and law. This intersystem 
organization now facilitates participation 
by some 280 irrigation and drinking water 
users organizations, all with mostly indig-
enous and small-farmer household con-
stituencies. The interjuntas also facilitates 
conflict management among water users 
and among associated systems, especially 
between poor groups and landlords and 
between indigenous rural peoples and the 
state, through its centre for the defence of 
rights and mediation of conflicts.

Other new water user organizations are 
starting to emerge. In Cotopaxi Province 

the Federation of Cotopaxi Irrigation Users 
now comprises 370 water user organiza-
tions composed of tens of thousands of 
minifundio (small land holding) water 
user families. Community water quantity 
and quality rights are represented at the 
national level through collaboration with 
the national water civil society platform, 
National Water Forum, and direct negotia-
tions with the state. Federations such as 
interjuntas and the Federation of Cotopaxi 
Irrigation Users illustrate that equitable 
water distribution requires democratic 
decision-making and transparency of pub-
lic investments and monitoring of govern-
ment activities in the water sector.

Source: Dávila and Olazával 2006; Boelens 
2008.

Box 14.13	 Grass-roots water federations in Ecuador

Participatory irrigation management en-
gages irrigation users at all levels and in all 
aspects of managing irrigation schemes. 
Based on the belief that water users are 
best suited to manage their water resourc-
es, participatory irrigation management 
allows considerable flexibility in water 
management methods.

India. Despite large investments, the 
irrigation schemes in the Indian state of 
Andhra Pradesh have been in serious trou-
ble because of deteriorating infrastructure 
and low agricultural productivity. Policy 
reforms were introduced in 1996/97 to 
deal with irrigation concerns, including a 
threefold increase in water user charges, 
creation of water user associations and ca-
pacity building in water user associations 
across the state. Institutional reforms in-
cluded the creation of farmer-government 
partnerships in irrigation operations and 
maintenance, consolidation of irrigation 
management transfer, new cost recovery 
methods, expenditure prioritization and 
capacity building for state agencies and 
water user associations.

Water user association board members are 
elected by local water users. Transferring 
management authority to user groups has 
created a strong sense of ownership and 
empowerment. Still, some studies criticize 
the reforms for being more a top-down 
government programme than a farmer-
initiated effort, and some suggest that 
establishment of the water user associa-
tions resulted in needless proliferation of 
community organizations, when the vil-
lage government could have handled the 
task (a view not shared by water users).

Some constraints to the new manage-
ment system include limited power 
supply in rural areas, below design 
water discharge levels and continuing 
dependence on government funds in 
many cases. Nevertheless, there have 
been many positive results. Collection 
of water tariffs increased from 54% to 
65% during the first year of implementa-
tion. Management of irrigation canals 
by water user associations has resulted 
in more effective water use, with an ad-
ditional 52,361 hectares being irrigated 
in 1998 in the Tungabadra High Level 
Canal. Irrigation canal water-carrying 
capacity rose about 20%-30%, and ag-
ricultural productivity increased. There 
was also a dramatic reduction in farmer 
complaints.

Mexico. Most farming in Mexico is ir-
rigated, with water services provided by 
the central government since the end of 
World War II. By the end of the 1980s the 
government was subsidizing more than 
75% of the operation, maintenance and 
administration of irrigation districts – a 
non-sustainable outcome. As a result, 
farmers received relatively low-quality 
services for which they were reluctant to 
pay.

Under an extensive programme of agri-
cultural reform, management of irrigation 
districts was transferred to water user 
associations, with responsibility for irriga-
tion systems to be shared between the 
associations and the then newly formed 
National Water Commission (CNA). After 
the transfer of irrigation management 
responsibilities, the rate of tariff collection 

more than doubled in five years, peaking 
in 1997 at 72%. Water fees were raised, 
sometimes more than 100%. The expecta-
tion was that the water user associations 
would become financially self-sufficient, 
generating enough resources to cover the 
costs of CNA. That has not yet happened, 
however, so those costs are still being 
covered by a ministerial fund. Neverthe-
less, the irrigation systems have become 
financially more self-sufficient. In the lower 
Bajo Rio Bravo Irrigation District, for exam-
ple, self-sufficiency rose from 36% in 1989 
to 100% in 1994.

Turkey. Both the State Hydraulic Works and 
the General Directorate of Rural Services 
are responsible for managing soil and 
water resources in Turkey. The State Hy-
draulic Works is responsible for large-scale 
irrigation and water infrastructure; the 
General Directorate of Rural Services, for 
on-farm development and small irrigation 
schemes. Water scarcity has been a prob-
lem since the 1960s, and operation and 
maintenance of the country’s irrigation 
systems was a financial and institutional 
burden for the government. Revenue 
collection was difficult, and water use was 
very high.

With support of the World Bank the 
central government began transferring 
irrigation schemes, even large ones, to 
water user associations in 1993, to reduce 
costs for the central agencies. Following 
Mexico’s example, Turkey transferred 
1,350,000 hectares of irrigated land to 
the water user associations by 1997, with 
87% of irrigation projects transferred 
by 2007. This rapid transfer of irrigation 

Box 14.14	 Participatory irrigation management and the role of water user associations

(continued)
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The participation requirements of article 
14 of the EU Water Framework Directive 
are an attempt to launch a broader discus-
sion about participatory approaches, as 
illustrated in box 14.15.

Addressing corruption and 
mismanagement in the water sector
Corruption can have enormous social, eco-
nomic and environmental repercussions, 
particularly for poor people. Water-related 
construction projects such as aqueducts, 
sewer systems and basic sanitation and 
wastewater treatment plants have become 
magnets for corruption in many develop-
ing countries, which have limited oversight 
capacity for efficient use of public resourc-
es. Transparency International’s Global 
Corruption Report 2008, prepared in collabo-
ration with the Water Integrity Network, 
estimates that corruption in the water sup-
ply sector increases the investment costs of 
achieving the water supply and sanitation 
target of the Millennium Development 
Goals by almost $50 billion.22

In recent years preventing corruption has 
captured the attention of governments, 
private firms, civil society organizations and 
donors. A positive example is the formation 
of the Water Integrity Network, a global net-
work promoting water integrity by coalition 

building. Several countries of the Southern 
Africa Development Community region 
have taken positive steps. Zambia estab-
lished water watch groups in some cities to 
monitor relations between water regulators 
and service providers. South Africa set up 
telephone hotlines for consumer redress and 
complaints. Some districts in Malawi devel-
oped water board anticorruption policies 
aimed at improving water sector efficiency 
by preventing malpractice and addressing 
water consumer problems.23 Box 14.16 pro-
vides additional examples of such efforts.

Capacity development for more 
effective action

Effective interactions between individuals, 
sector organizations and regulatory and 
administrative authorities are critical to 
advances in all areas. Administrative sys-
tems and sector policies in many countries 
are in need of considerable reform. This 
section offers some suggestions for govern-
ments and other water stakeholders to 
increase their capacity for effective action.

Assessing institutional and human 
capacities
A first step in improving services is to 
assess their ability to deliver more effec-
tive services and to prepare for future 

The RhineNet project highlights the value of 
public participation. The project covered flood-
plain restoration, construction of fish ladders, 
flood protection and recreational enhancement. 
Public involvement in projects increased public 
acceptance, even among those who might be 
considered ‘losers’ in the process.

The project plans for reactivating the Saar River 
floodplains in Hostenback, Germany, provide 
an example. The plans were presented to the 
mayor of Wadgassen and the general public. 
The project received widespread support, with 
citizens showing considerable flexibility over de-
tails of the required construction. One important 

agreement called for use of a much less used 
alternative path for the estimated 8,000 trucks 
that would be involved in the project’s earth 
removal activities. Meetings and discussions 
were held regularly during the project, providing 
opportunities for citizens to voice their concerns, 
and events were reported in local bulletins, 
newspapers and electronic media. An important 
finding was that such efforts require consider-
able time for interviews and discussions with the 
individuals affected by the project – discussions 
that could not be replaced by media reports or 
press conferences.

Source: Lange 2008.

Box 14.15	 Public participation in water resources management

management was motivated by the rising 
costs of irrigation schemes to the central 
government, the availability of on-the-job 
training programmes in Mexico and the 
United States, the commitment of State 
Hydraulic Works staff and clearly defined 
goals and pilot projects. The transfer has 
resulted in more efficient use of water 
resources, increased investments in new 
technologies, higher water user tariff 

collection rates (from 42% in 1993 to 80% 
in 1997), lower energy costs (approximate-
ly 25%) and more equitable allocation of 
water resources.

The legal status of water user associations 
remains to be defined, and central agency 
obligations to provide technical and 
administrative assistance at the beginning 
of a transfer still need to be clarified. In 

2004 the government abolished General 
Directorate of Rural Services as part of 
broader administrative reforms, delegat-
ing its responsibilities to the provincial 
governments.

Source: Jairath 2000; Raju 2001; Johnson 1997; 
Palacios 1999; Garces-Restrepo, Vermillion, and 
Muñoz 2007; Blue Plan, MAP, and UNEP 1999; 
Döker et al. 2003.

Box 14.14	 Participatory irrigation management and the role of water user associations (continued)
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uncertainties. Such assessments can cover 
part of a sector (for example, management 
of river basins or sanitation) or focus on 
institutional architecture and capacity (for 
example, the education system, communi-
ty management and the legal framework).

Improving a weak institutional environ-
ment is not a linear process.24 It often 
requires efforts on several fronts, focus-
ing on alleviating acute problems while 
creating the conditions for more favour-
able change over time. The United Nations 
Development Programme, for example, 
supported rapid water sector assessments 
in Bolivia, China, Ghana, Mali, Mexico 
and Peru, providing modest international 
support to local agencies to assess the 

challenges to their water sector and each 
country’s capacities to devise new strate-
gies with prioritized interventions.25

In China the Ministry of Water Resources 
and the Guizhou Provincial Administra-
tion worked on an institutional perform-
ance assessment, focusing on strengths 
and weaknesses in the economic and 
institutional aspects of water manage-
ment, such as pricing, river basin man-
agement and stakeholder involvement in 
integrated water resources management. 
In Mexico the water initiative added to the 
National Water Commission’s broader ef-
forts to improve the water sector’s overall 
performance. The Peruvian assessment 
guided a parliamentary debate on sectoral 

Development of anticorruption agreement 
with Colombian water pipe manufacturing 
companies. The Colombian Association of 
Environmental and Sanitary Engineers, 
whose affiliated water pipe manufacturing 
companies had a 95% share of the na-
tional market and a monopoly on bids in 
public tenders for water supply and sewer 
systems, undertook an anticorruption 
initiative as part of a sectoral antibribery 
agreement. The association, together with 
Transparency International-Colombia, 
worked to develop an agreement among 
pipe manufacturers based on Transpar-
ency International’s Business Principles 
to Counteract Bribery. The agreement, 
signed in April 2005, resulted in substan-
tial reductions in bid award prices, thereby 
reducing the scope for bribery.

The agreement was developed in reaction 
to the lack of transparency in the pipe 
business sector, particularly in public sec-
tor procurement, which resulted in over-
priced products and substandard quality 
in public projects and utilities, creating 
an environment of mistrust. The situa-
tion eventually became untenable for the 
companies and the trade association, as 
transaction costs became unsupportable. 
Under the agreement each company pre-
pared a general anticorruption policy and 
specific guidelines for each area specified 
in the Business Principles to Counteract 
Bribery (pricing and purchasing, distribu-
tion and sales schemes, implementation 
mechanisms, internal controls and audits, 
human resources management, protection 
of ‘whistle blowers’ and communications, 
internal reporting and consulting). The 
agreement also laid out the roles of an 
Ethics Committee and a Working Group 
tasked to supervise implementation, as 
well as extensive legal and economic pow-
ers for dealing with companies that fail to 

comply. A similar agreement was signed in 
Argentina in December 2005, and agree-
ments also are being considered by Brazil 
and Mexico.

Citizen report cards for improved water 
services in Bangalore, India. To improve the 
quality of underperforming public water 
and sewer utilities in Bangalore, India, the 
national Public Affairs Centre established a 
system of benchmarks and citizen ‘report 
cards’. These report cards triggered a series 
of reforms enhancing public sector ac-
countability and responsiveness. Although 
the first report card in 1994 gave low rat-
ings to all major city service providers, only 
a few service providers acknowledged the 
problems and took corrective actions. The 
second report card in 1999 indicated par-
tial improvement in some services, while 
the third report card in 2003 revealed sub-
stantial improvements by almost all service 
providers, as well as a visible decline in 
corruption. Satisfaction levels rose dramati-
cally, from 4% in 1994 to 73% in 2003.

Both supply and demand drivers of 
change contributed to this surprising 
turnaround. The trigger for public action 
seems to have been the public scrutiny 
and publicity attending the report cards, 
leading to important interventions on 
the supply side. A strategic decision of 
the state government was to establish a 
new public-private partnership forum to 
catalyse action and assist service pro-
viders in upgrading their services and 
responsiveness. The political support and 
commitment of the state’s chief minister, 
the innovative practices resulting from 
the partnership forum, the active role of 
external catalysts (civil society groups and 
donors) and the learning experiences from 
initial responses contributed to the better 
performance. An open and democratic 

society is a prerequisite for the use of this 
monitoring and accountability tool.

Lesotho highlands project trials. The Lesotho 
Highlands Water project, the world’s larg-
est international water transfer project, 
transfers water from the Orange River 
to the Vaal River, providing extra water 
to Johannesburg, South Africa. Lesotho 
receives royalties for the water ($31 million 
in 2004, about 5% of its GDP). Under 
phase 1 of the project four dams and 110 
kilometres of tunnels were completed at a 
cost of about $2 billion.

The first chief executive of the Lesotho 
Highlands Development Authority, 
charged with overseeing the project, was 
tried on bribery and fraud charges in 
2001. His subsequent conviction was an 
important victory in the fight against cor-
ruption and illustrated what a determined 
government can do in fighting corruption. 
Recognizing that bribery has both a de-
mand and supply component, the Lesotho 
government also brought charges against 
the multinational companies paying the 
bribes. Three major firms were convicted 
by the High Court of Lesotho, and all three 
were assessed fines. The World Bank also 
barred one company from bidding on 
future projects. The trials for future bribery 
prosecutions established several important 
precedents related to what the prosecu-
tion has to prove in regard to bribery, 
where the crime took place (determined 
by the location of the impacts of the 
crime) and what degree of financial trans-
parency is required to prove the crime (a 
major breakthrough was the prosecution’s 
access to Swiss banking records of the ac-
cused companies).

Source: Balcazar 2005; Stålgren 2006; Thampi 
2005; Stålgren 2006; Earle and Turton 2005.

Box 14.16	 Responding to corruption and mismanagement in the water sector – examples from 
Colombia, India and Lesotho
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government 

agencies

priorities, helping reform agencies and 
generating new skill mixes.26 In Indonesia 
the 1998-2004 financial crisis triggered 
a deep institutional and administrative 
reform of the water sector, which is crucial 
to its economy, emphasizing decentralized 
decision-making, participatory irrigation 
management, cost recovery and cuts in 
staffing.

Strengthening institutional 
arrangements and capacity to 
support an agenda of change
Changes in society and in the environ-
ment call for regular adjustments of the in-
stitutional architecture of the water sector. 
Regular performance and capacity reviews 
can identify needed reforms and promote 
agreement on capacity development for im-
plementing the reform. Uganda’s National 
Water and Sewerage Corporation (NWSC) 
transformed itself from an organization 
plagued by unaccounted-for water, weak 
billing practices and high operating costs 
to one with steadily improving perform-
ance since 1998. NWSC separated opera-
tions and maintenance from performance 
monitoring and regulation. The capacity of 
utilities to work with this system was de-
veloped incrementally by multidisciplinary 
teams, beginning with simple performance 
contracts and upgrading to more complex 
arrangements. NWSC became a ‘learning 
organization’, creating an environment 
where managers must account for perform-
ance against goals and staff are expected to 
embrace innovation and tackle problems 
(see box 14.23 later in the chapter).

Engaging with civil society in 
developing its capacity
With the large numbers of water man-
agement stakeholders, governments are 
increasingly constrained in what they can 
achieve alone. They will need to rely more 
on an informed and capable civil society 
whose role in water management comple-
ments the work of government agencies.

As civil society becomes more water liter-
ate, it will come to a clearer understanding 
of the importance of water issues and lend 
solid support to water sector initiatives. 
That requires broad access to information 
and the capability to engage with govern-
ments on water service delivery issues – 
often requiring capacity-building efforts to 
be effective.

Many resources are available for commu-
nity and civil society capacity develop-
ment in water and sanitation. Examples 
of Internet-accessible resources include 
a comprehensive collection of capacity 

building materials on ecological sanita-
tion emerging from the 4th World Water 
Forum in Mexico in 2006;27 material 
on gender, water and capacity building 
provided by the Gender and Water Alli-
ance;28 an overview paper and guidelines 
for improving knowledge management at 
the personal and organizational level in 
the water and sanitation sector;29 and a 
conceptual introduction to water sector al-
liances, case studies and lessons in scaling 
up innovations in water, sanitation and 
hygiene, both prepared by the Internation-
al Water and Sanitation Centre.30

Stimulating professional knowledge
Water sector professionals require a sophis-
ticated understanding of the hydrologic 
cycle and its variability. They also need 
a better understanding of the relation-
ship between water use and sustainable 
economic development and water-related 
interactions in society, and of the needs of 
decision-makers. Non-professionals often 
require a better understanding of their 
interactions with and influences on water 
systems. This knowledge can come from 
research, the traditional domains of local 
communities and education, training and 
focused workshops. But the knowledge 
is often fragmented, held by a growing 
number of water stakeholders, each with 
part of the solution. Thus, communication 
is critical for building the knowledge base 
and institutional and human capacities 
needed to forge political consensus.

Networks are becoming increasingly im-
portant knowledge pools and mechanisms 
for knowledge dissemination (box 14.17), 
exchange and management. They must be 
structured, managed and funded accord-
ing to their purpose (research, sharing of 
professional experience, training and so 
on). Networks are well suited to identify-
ing and articulating large-scale, complex 
problems and to offering solutions and 
best practices tested in other places.

Learning alliances are groups of represent-
ative stakeholders with a focus on develop-
ing jointly owned approaches to problems 
that create a broader sense of ownership 
and lead to more rapid implementation. 
The Euro-Med Participatory Water Re-
sources Scenarios (EMPOWERS), a regional 
pilot project led by Care International–UK 
from 2003 to 2007, sought to increase 
sustainable access to water for vulnerable 
populations in Egypt (where water de-
mands exceed supplies), in Jordan (which 
has one of the world’s lowest per capita 
water levels) and the West Bank and Gaza 
(where access to water is strictly controlled 
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by an external authority). The Interna-
tional Centre for Water Hazard and Risk 
Management (ICHARM), an Asia-Pacific 
water knowledge hub of the Asian Devel-
opment Bank, provides hazards mapping 
and tsunami training courses.

The Sustainable Water Management 
Improves Tomorrow’s Cities Health 
(SWITCH) project is a major research 
partnership for innovation in integrated 
urban water management in implement-
ing action-oriented, water demand-led 
research programs. The project encour-
ages learning alliances to better define the 
research agenda and initiate research in 
aspects of the urban water cycle to help 
cities improve water sector integration and 
scaling-up impacts.31 SWITCH has led to 
the establishment of learning alliances in 
10 cities around the world. 

In the Netherlands government institu-
tions for surface water, groundwater and 
coastal protection were merged to improve 
their output. Innovation and research also 
were boosted in countries in Southern and 
Eastern Africa through WaterNet, link-
ing some 50 university departments and 
institutions with common interests and 
expertise in water-relevant topics. Pooling 
their knowledge allows them to cover all 
the major aspects of water resources man-
agement (such as hydrology, environmen-
tal engineering, economics, law and water 
and sanitation technologies).

In India the Solution Exchange, which 
links people across the country and the 

globe, harnesses the power of communi-
ties of practice to leverage the knowledge 
and experience of multiple development 
practitioners for the common objective 
of problem-solving. In Madhya Pradesh, 
India, the UN-HABITAT Programme on 
Sustainable Cities works in four cities to 
improve and expand urban water supply, 
sewerage and sanitation, water drain-
age and solid waste management. The 
programme seeks to influence water use 
practices, policies and measures away from 
traditional approaches, which increase 
pressures on water resources and lead to 
overexploitation of groundwater, and to-
ward innovative demand management to 
optimize available water in the municipal 
water supply system. The programme con-
solidated responses to a survey on experi-
ences, suggestions and best practices from 
other parts of India, translated them into 
Hindi and circulated them at the Madha 
Pradesh State Parliamentarians Forum for 
Water.

Information and communication systems 
are mostly Internet-based, offering new 
tools for multistakeholder information 
sharing and communication. By provid-
ing access to scenario and forecasting tools 
and facilitating communication across 
administrative levels (from the local to the 
national and regional), these tools are well 
suited to facilitate negotiation.

Increasingly, water stakeholders are being 
linked through online knowledge net-
works and partnerships – communities of 
practice – linking researchers addressing 

Cap-Net is a network of 20 national and regional 
capacity-building networks and three global net-
works committed to capacity building in water 
resources management. Most of the member 
networks are informal voluntary associations of 
institutions and individuals committed to build-
ing capacity to address local needs and priorities. 
Cap-Net uses its global network structure to 
rapidly share international and regional knowl-
edge. It facilitates knowledge development and 
exchange, supports the delivery of capacity 
development services to meet local priorities 
and brings expertise from networks and the 
international level to neglected areas. Having 
identified economic and financial instruments for 
implementing integrated water resources man-
agement as a neglected area, Cap-Net used its 
network experts to develop a training package 
structured to allow local adaptation. The training 
manual was tested, revised and translated into 
four languages within one year and has been 

implemented in Africa, Asia and Latin America 
through the partner networks.

The Regional Centre for Urban Water Manage-
ment in Tehran is an organization of 13 countries 
and six international organizations whose mis-
sion is to transfer practical scientific knowledge 
and develop capacities in all dimensions of urban 
water management, to promote sustainable 
development and enhance human well-being 
and to facilitate integrated, transboundary water 
management. Its governing board comprises 
10 water-related ministers (from Bangladesh, 
Egypt, India, Iran, Kuwait, Oman, Pakistan, Syria, 
Tajikistan and Yemen) and high-level representa-
tives of three international organizations (the 
UNESCO Institute for Water Education, the Inter-
national Water Academy and the International 
Water Association).

Source: Cap-Net 2008 and www.cap-net.org.

Box 14.17	 Networking to share water resources management 
experiences
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similar issues. Simple tools, such as e-mail 
lists, are the preferred low-technology 
avenue for this activity.

Local stakeholders are usually the first to 
experience and address local problems 
and to find local solutions. Decision-
makers can learn from this local knowl-
edge and apply its lessons to building the 
capacity of local institutions and civil 
society (box 14.18). Informed decision-
making requires a balanced combina-
tion of top-down (often larger-scale) and 
bottom-up (often smaller scale) approach-
es and procedures.

Stimulating public awareness
Increasing public awareness about water 
resources also facilitates sustainable use. 
Water resources management plans can be 
difficult to fund and implement without 
the involvement of water users.

One way to promote public knowledge is 
through science and education centres 
that compile, analyse and disseminate 
information on water resources. Such 
centres often focus on identifying and 
disseminating information on water sys-
tem problems and sustainable use. They 
often consider the economic, ecosystem 
and cultural importance of specific water 
systems and their resources; direct and 
indirect uses and values and promising 
tools and strategies for management and 
lessons from case studies. They also pro-
vide valuable region-specific information, 
such as the public and media awareness 
campaign by the Yemen National Water 
Resources Authority, including the Yemen 
Water Awareness video.32 Information 
centres such as the Lake Biwa Museum 
(Japan), Balaton Limnological Research 
Institute (Hungary) and Leahy Center 
of Lake Champlain (United States) focus 
their attention on lake basins.33 The 
centres, sponsored by private foundations, 
corporations, government agencies, non-
governmental organizations and academic 
institutions, demonstrate and promote the 

benefits of advancing scientific, educa-
tional and community development goals 
for water systems.

Public education and awareness raising 
can also be as simple as informing water 
stakeholders about changes in work rou-
tines or personal habits that can alleviate 
problems associated with unsustainable 
use of water resources (see chapter 2). 
Greater public awareness is facilitated by 
making details of water system problems 
and corrective programmes readily avail-
able to the public through the public edu-
cation system, the information media and 
non-governmental organizations.34

The Emilia-Romagna Region in Italy 
launched a regional communication 
campaign on water conservation in 
2004 called “Acqua, risparmio vitale” 
(Water, vital saving). The campaign was 
relaunched in 2008 with a new slogan, 
“Mezzo pieno o mezzo vuoto? Comunque la 
pensi, l’acqua va risparmiata!” (Half full 
or half empty? Whatever you think, save 
water!). This education strategy uses a 
combination of brochures for the general 
public, television and radio spots and 
advertisements on city buses.35 Water 
managers can also use such communica-
tion activities to inform the key decision-
makers working outside the water manag-
ers’ domain (see chapter 15).

Developing appropriate 
solutions through innovation 
and research

Technological innovation covers a broad 
field, from technical issues to financial 
considerations, water service models and 
water governance issues (policy, sustain-
able financing, cultural values, political 
realities, law and so on). It can enable 
rapid and significant changes within the 
water sector. And it can improve existing 
systems (better hand pumps, for example) 
and develop new ways to address water 
issues.

The Integrated Watershed Management Network 
(IWMNET), is a three-year (2007-10) capacity-
building initiative for integrated watershed 
management in Eastern Africa involving German 
and Eastern African universities. Activities include 
specialized training on integrated water resources 
management and related issues and support for 
ongoing water sector reforms in Ethiopia, Kenya, 
Tanzania and Uganda. Water user associations, for 

example, are assisted in drafting and executing 
subcatchment management plans and in sharing 
their experience in drafting participatory catch-
ment management plans. An online e-learning 
component makes all information accessible to 
students and professionals, even in rural areas.

Source: iwmnet-eu.uni-siegen.de and www.iwmnet.eu/
index.html.

Box 14.18	 Incorporating local knowledge in networks – the Integrated 
Watershed Management Network of Eastern Africa
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Most of the key 
factors that have 
contributed to the 
innovation driving 
the rapid economic 
transformation of 
many emerging 
market economies 
are outside the 
scope of water 
managers’ 
responsibilities

Developing a capability for 
innovation
Experience suggests that at least three key 
factors have contributed to the innovation 
driving the rapid economic transformation 
of many emerging market economies. One 
is investing heavily in basic infrastructure 
(roads, schools, water supplies, sanitation 
facilities, irrigation systems, health cen-
tres, telecommunications, energy resources 
and the like) as the foundation for tech-
nological learning. A second is developing 
and nurturing small and medium-size 
enterprises, which can supply local opera-
tional, repair and maintenance expertise 
and technicians. A third is developing and 
nurturing institutions of higher education 
(engineering and technological academies, 
professional engineering and techno-
logical associations, industrial and trade 
associations and the like).36 Most of these 
efforts are outside the scope of water man-
agers’ responsibilities (some are discussed 
in chapter 15).

Business enterprises and non-govern-
mental organizations can be a focus for 
learning.37 An example is the innovative 
adaptation for use in Cambodia of ceramic 
filters, long used elsewhere to remove con-
taminants from water. Because most Cam-
bodians lack access to microbiologically 
safe water at point of use, household-based 
water treatment is critical for protecting 
them from waterborne diseases. Most 
Cambodians must still collect water, store 

it for household use and treat it themselves 
to ensure safe drinking water. Potters for 
Peace, a non-governmental organization, 
developed an innovative use of ceramic 
filters, inventing a low-cost, on-the-spot 
production method using clay and sawdust 
treated with colloidal silver to increase 
bactericidal properties. Potters for Peace 
now trains others to operate filter-making 
facilities in Cambodia, Cuba, El Salvador, 
Ghana, Guatemala, Honduras, Indonesia, 
Kenya, Mexico, Sudan and Yemen.38 Water 
management techniques also can be used 
in innovative ways to address a range of 
issues (box 14.19).

Because irrigation is the single largest 
water user on a global scale, improved ir-
rigation technology is a good example of 
using technology to reduce water demands 
by improving water use efficiency (box 
14.20).

Linking research and development in 
the developing world
Expanding demand-driven research capac-
ity in developing countries is essential for 
reaching a critical mass of people engaged 
in research and development who can ad-
vance economic development.39 The Paris 
Declaration on Aid Effectiveness of 2005, 
an international agreement affirmed by 
more than 100 ministers, heads of agen-
cies and other senior officials, stressed that 
developing countries must become more 
capable of solving their own problems, 

Large dams can disrupt the natural water 
cycle and the ecosystems that rely on it. 
Kafue Flats in Zambia illustrates the use of 
technological innovation and cooperation 
to alleviate such disruptions.

Kafue Flats is a rich wildlife habitat oc-
cupying 6,500 square kilometres along 
the Kafue River, a major tributary of the 
Zambezi River. It sustains the livelihoods of 
local people engaged in hunting, fishing 
and cropping when floods recede on the 
flats at the end of the wet season. In 1978 
the Itezhi-tezhi Dam was built upstream 
of the Kafue Gorge hydroelectric dam, 
Zambia’s primary source of power, to store 
wet season peak flows to maximize hy-
dropower production at the hydroelectric 
dam. The Itezhi-tezhi Dam ended the ben-
eficial wet season flooding of Kafue Flats, 
adversely affecting the 300,000 people 
who rely on it for their livelihoods.

In 1999 the Zambian government and 
Zambia Electric Supply Corporation 

(ZESCO), in cooperation with WWF, local 
people and commercial farmers, initiated 
a project to restore a more natural flow to 
water releases from the Itezhi-tezhi Dam. 
An integrated water resources manage-
ment study was undertaken in 2002, 
including development of a Kafue River 
basin hydrology model. The model was 
linked to real-time data from rainfall and 
river gauging stations in the catchment to 
predict water flows and reservoir levels. 
Based on this modelling exercise, agree-
ment was reached among all the partners 
in 2004 to implement new dam operating 
rules. A major water flow mimicking the 
natural wet season flooding pattern was 
released for the first time in early 2007, 
and modules have been launched for wet-
lands rehabilitation, focusing on infrastruc-
ture development, tourism enhancement 
and community-based natural resources 
management.

The long-term results are expected to 
include improved ecological health for 

Kafue Flats and improved livelihoods for 
local people (particularly increased fish 
and pasture productivity), development 
of a wildlife-based tourism industry and 
sustained irrigation capacity. The hydro-
electric production potential of the Kafue 
Gorge Dam is expected to be maintained 
or to increase. Discussions are under way 
on scaling up the environmental flows 
model to the other dams in the watershed 
(Kafue Gorge, Cahorra Bassa and Kariba) 
to extend benefits to the entire course of 
the rivers in Zambia and Mozambique. 
Preparations also are under way on a joint 
operations and management strategy for 
the three dams, involving the Zambezi 
River Authority, the Joint Operational 
Technical Committee for Cahorra Bassa 
and Kariba Dams, and the Southern Africa 
Development Community agreement for 
an integrated water resources manage-
ment strategy for the Zambezi River under 
the auspices of its shared water protocol.

Source: WWF 2008.

Box 14.19	 Using water management to preserve biodiversity and economic livelihoods – Kafue 
Flats, Zambia
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Reliable and 
accurate water 

resources 
information and 

data, by reducing 
uncertainty about 

water resources, 
help decision-
makers make 
more reliable 

and politically 
persuasive 

assessments of 
water risks

including through stronger research 
capacities that will enable them to absorb 
and use knowledge from other sources and 
countries as well as to advance knowledge 
(box 14.21).

Data and information needs

Reliable and accurate water resources 
information and data, by reducing uncer-
tainty about water resources, help decision-
makers make more reliable and politically 
persuasive assessments of water risks. More 
detailed and accurate information also 
guides better choices on needed infrastruc-
ture and makes public institutions more ac-
countable for the impacts of their actions.

Water resources data and 
information
Water resources data include informa-
tion on the quantity and quality of water 
resources and also on governance. Such 
data are crucial to a wide range of water 
resources stakeholders.

The World Bank conducted an assessment 
of the water supply and sanitation sectors 
in Ethiopia, including progress towards 
the Millennium Development Goals.40 The 
amount and quality of data available for 
the assessment from different regions var-
ied considerably, and some data were con-
tradictory. The data thus could not be used 
for a sound public review of expenditures 

Irrigation water can be delivered to crops 
through surface, sprinkler and drip irrigation sys-
tems. Although introducing new irrigation tech-
nology typically increases costs, it also increases 
water use efficiency, resulting in water savings. 
A California study, for example, found that water 
use efficiency ranged from 60%-85% for surface 
irrigation to 70%-90% for sprinkler irrigation and 
88%-90% for drip irrigation. Potential savings 
would be even higher if the technology switch 
were combined with more precise irrigation 
scheduling and a partial shift from lower-value, 
water-intensive crops to higher-value, more 
water-efficient crops.

China introduced water-saving measures and 
irrigation system modernization in agricul-
ture in the 1990s. China has some 400 large 

irrigation systems (each with an irrigated area 
of more than 20,000 hectares), which account 
for about a quarter of the total irrigated area of 
56 million hectares. Modernization included the 
application of new materials and technologies 
to upgrade irrigation system structures and the 
application of modern irrigation concepts and 
institutions to improve irrigation management. 
Water conveyance and irrigation intervals have 
been shortened, and water losses have been 
reduced. Agricultural output in the programme 
area increased 46%, even though irrigation 
withdrawals have fallen from about 80% of 
total water withdrawals in 1980 to 60% today, a 
dramatic reduction.

Source: Cooley, Christian-Smith, and Gleick 2008; ICID 
2008.

Box 14.20	 Using irrigation technology to increase water use efficiency

The Water Law and Indigenous Rights pro-
gramme (2001-07) began as an international 
action-research alliance to inform the debate on 
peasant, indigenous and customary rights in the 
Andean region and to facilitate action on local, 
national and international platforms. A major 
objective was to better understand local water 
rights and water management. The strategy 
was to focus on research and action, together 
with local, regional and international networks 
(both indigenous and non-indigenous), while 
training policy-makers, water professionals and 
grass-roots leaders. The programme deepened 
water policy debates on recognition of water 
rights, enabling better legislation and more 
democratic water governance and management 
policies. Network participants have extended 
their activities into new policy research and 
action networks on the plurality of water rights, 
multiscale water user organizations and ways 
to strengthen and recognize such processes 
through training and user-oriented intervention 
strategies.

Concertación (2006-11) is an interdiscipli-
nary research and capacity-building network 
concentrating on peasant empowerment and 
indigenous water management, with a focus on 
the Andean region. The Water Research Fund for 
Southern Africa, established in 1999, is available 
to researchers and institutions in any Southern 
Africa Development Community country. A peer 
review system ensures that high quality research 
proposals are selected for funding. A board 
consisting of researchers with different profes-
sional backgrounds and from different countries 
formulates the fund’s research policy and defines 
priority areas. Although external donors are the 
main source of funding, rather than the research 
end users, the fund is exploring ways to better 
link societal demands to the research commu-
nity and of reviewing its role in promoting this 
connection so that the supported research is 
responsive to the region’s needs.

Source: Rap 2008; www.eclac.cl/drni/proyectos/walir/
homee.asp; www.iwsd.co.zw/index.cfm.

Box 14.21	 Research links in developing countries



Chapter 14�O ptions inside the water box

Water in a changing world� 261

PART

Chapter 14�O ptions inside the water box 4
PART

The need for 
sustainable 
financing is one 
of the most 
persistent concerns 
in water resources 
decision-making

in these sectors. The study revealed that 
most town water utilities do not have 
proper accounts, data on sanitation are 
absent or fragmentary and work by non-
governmental organizations in the water 
supply and sanitation sectors is uncoordi-
nated and undertaken without collabora-
tion with responsible national authorities. 
The assessment also found that funding 
of these sectors, on both a sectoral and 
per capita basis, was low, resulting in poor 
water service throughout the country.

Water resources monitoring
Data on technical and scientific aspects of 
water resources management often come 
from monitoring activities, including 
measurements of chemical, biological and 
other parameters of the quantity or quality 
of water systems. Such data can illustrate 
the limits of the water resources, expose 
hard-to-see connections and contribute 
to innovative solutions to water resources 
problems, as illustrated in box 14.22.

Monitoring networks are inadequate and 
weakening (see chapter 13). Although 
modelling is not a substitute for accurate 
field measurements, modelling experience 
has advanced to the extent that some data 
can now be generated with models. 

The Lake Naivasha Riparian Association 
in Kenya used modelling to investigate 
the potential impacts of water abstractions 
to supply intensive horticultural activities 
that began in the early 1980s. Associa-
tion members were concerned that the 

horticultural activities were responsible 
for falling lake water levels. Horticultural 
interests denied the claim, pointing out 
that the lake was higher than it had been 
in the 1950s, prior to development of their 
industry. The modelling work considered 
the contributions of surface and ground-
water to the lake levels, clearly illustrating 
that the declining lake levels coincided 
with commencement of horticultural 
activities in 1982. The results were 
ultimately accepted by all stakeholders, 
including the horticulturalists, resulting 
in their working more closely together to 
promote a stronger conservation ethic for 
the lake.41

Traditional knowledge and experiences 
of the people directly affected by a water 
system, whether as members of its shore-
line community or as economic actors 
dependent on it for their livelihoods, are 
also important. Traditional knowledge can 
come from the legends and oral histo-
ries of indigenous people. In some areas 
such memories may be the only source 
of information on the history of a water 
system. The Ugandan government, for 
example, used local knowledge to identify 
and protect important fish breeding areas 
on the eastern shore of Lake Albert on the 
Uganda-Democratic Republic of Congo 
border.42

Financing

The need for sustainable financing is one 
of the most persistent concerns in water 

Information from monitoring activities can be 
used to expose the limits of water resources, re-
veal hidden connections and develop innovative 
solutions to water resources problems. Data on 
fishing intensity and gear were used in declar-
ing temporary fishing moratoriums for Lakes 
Baringo and Naivasha in Africa and in setting 
restrictions on allowable fishing technologies for 
Lake Victoria. These measures contributed to the 
recovery or significant improvements of these 
fisheries.

Biophysical processes in water systems are 
complex and often expressed in small incre-
mental changes that are not readily observable. 
Detailed measures and investigations at Lake 
Biwa, Japan, showed that declining snowfall over 
several decades, combined with a weakening 
water profile in the lake, had led to a decline in 
the dissolved oxygen levels in the lake’s bottom 
waters, increasing lake eutrophication and point-
ing to the potential effects of global warming on 
the lake.

Field monitoring in the Lake Chad basin in Africa 
demonstrated that wet season conditions could 
be simulated by water releases from the Tiga 
and Challawa Dams and that artificial flooding of 
wetlands could be undertaken with the existing 
infrastructure.

Several years of monitoring data from Lake Ohrid 
in the Former Yugoslav Republic of Macedonia 
suggested that the phytoplankton and zooplank-
ton communities in the lake were changing, 
consistent with its increasing eutrophication and 
making an unequivocal case for nutrient control. 

Monitoring data collected from Lake Dianchi 
in China demonstrated the success of policies 
to reduce the external nutrient load from local 
enterprises. Such post-project monitoring can 
help marshal support for the often considerable 
outlays required for water resources manage-
ment programmes and activities.

Source: ILEC 2005; World Bank 2005.

Box 14.22	 Using monitoring information in water resources management
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small companies 

providing services 
to municipalities 

under contract

resources decision-making. Ultimately, 
all financing in the sector comes from 
tariffs, the national budget and external 
aid. Decision-makers in the water sector do 
not control all of the factors influencing 
these financing sources, but they can help 
create a favourable investment climate and 
ensure good management of the financial 
resources at their disposal. Several key 
initiatives over the past five years have 
shaped the agenda of water financing, 
including the World Panel on Financing 
Water Infrastructure (chaired by Michel 
Camdessus), the Task Force on Financing 
Water for All (chaired by Angel Gurria) 
and the UN Secretary General’s Advisory 
Board on Water and Sanitation (UNSGAB). 
This section offers examples of how some 
countries are tackling the problems and 
implementing the recommendations iden-
tified in these reports.

Water supply service providers 
manage financial resources well, 
creating favourable investment 
climates
Reforms have responded to the failure of 
public sector water providers to provide 
adequate levels of service and quality, 
often because of poor governance and 
inadequate investments. Reforms have also 
focused on transparency and accountabil-
ity, low revenue collection, infrastructure 
deterioration and service breakdown. 
Privatization of water services is still 
an exception, and there is not enough 
experience to establish its long-term ef-
ficacy. Although the number of people 
served by the private water sector has 
grown from roughly 50 million in 1990 to 
about 300 million in 2002, most people 
in developing countries are not served by 
either private or partially private compa-
nies (see chapters 4 and 7 for additional 
discussion).43

The National Water and Sewerage Corpora-
tion (NWSC) in Uganda is a public sector 
utility that has assumed a more formal 
business structure. Within a short period 
this once poorly performing utility had 
improved service quality (expanding cov-
erage from 12 towns in 1998 to 22 towns 
today) and strengthened financial viability 
through more efficient service provision 
and increased revenue collection. Its ex-
perience also illustrates the importance of 
good leadership, showing that substantial 
changes can occur rapidly under the right 
conditions.44

To improve efficiency and finances, NWSC 
introduced performance-based contracts 
for local utilities and separated operations 

and maintenance from performance moni-
toring and regulation. Results included a 
substantially larger service base, increased 
staff efficiency and a more viable financial 
base (box 14.23).

The Tunisian water authority SONEDE is 
another example of a water supply agency 
operating with good management prac-
tices. As indicated in box 14.3, a targeted 
pricing policy enables full cost recovery of 
operating the service, with tourist estab-
lishments paying the highest rates and 
households the lowest. Unaccounted for 
water in Tunis has been reduced below 
10%. 

Providing official development 
assistance for water resources in 
more user-friendly forms
In Kenya, output-based aid underpins 
the loans being made by a commercial 
microfinance agency. The international 
aid repays part of the investment cost once 
the work is completed. This approach dif-
fers from a normal guarantee of the lender 
in that it creates a strong incentive for the 
bank to ensure timely and effective com-
pletion of the project.

Small-scale local water providers
Small-scale water providers serve an 
estimated 25% of the urban population 
in Latin America and East Asia and about 
50% in Africa and South-East Asia.45 
Small-scale water providers typically 
include entrepreneurs filling a void left by 
the market failure of the formal water sec-
tor and small companies providing serv-
ices to municipalities or public authorities 
under contract.

The main obstacle to the expansion of 
small-scale water providers is lack of 
financing. Financing is generally from per-
sonal assets, profits from other businesses, 
community contributions and short-term 
credit from local banks or microcredit 
agencies. Options to increase access to 
financing for small-scale providers include 
microfinance schemes, access to local 
development and infrastructure banks, 
projects funded by non-governmental 
organizations or donors and investment 
subsidies (for example, in Cambodia grants 
from the International Development As-
sociation cover 50%-60% of investment 
costs). The Philippines has successfully 
used loan financing at market rates, while 
Colombia has used a middle path that 
preserves incentives and enhances finan-
cial sustainability by plotting increased 
tariffs over time and placing revenues in 
an investment fund.46
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Lack of legal recognition of small-scale 
providers is another obstacle to expansion. 
To strengthen legitimacy, local water au-
thorities in Mauritania and Uganda enter 
into management contracts with private 
operators, which then provide water sup-
plies to small towns.

Payment for environmental goods 
and services
Payment for environmental services is based 
on the recognition that the environment, 
such as wetlands and watersheds, provides a 
range of life-supporting goods and services, 
including potable water supply, irrigation 
water, food and fibre, wastewater treatment, 
flood control and aesthetic benefits (figure 
14.1). Environmental goods and services, 
traditionally thought of as provided for 
‘free’ by nature, lack a functioning market 
for pricing them. Further, for many envi-
ronmental goods and services there is no 
direct link between the service provider and 
the consumer – for example, between an 
upstream provider (a land owner or resource 
manager) and a downstream user (public 
water supply, agriculture and industry). 

With the market for these services often 
poorly developed or non-existent, ecosys-
tem managers have little economic incen-
tive to improve their management efforts. 
The payment for environmental services 
concept attempts to address this problem 
by creating markets for environmental 
services, collecting money from water users 
and paying those providing the resource, 
thereby encouraging efficient and sustain-
able delivery of watershed services.

Experience with payment for environmen-
tal services is growing in several countries. 
In the United States New York City obtains 
its drinking water from watersheds in the 
Catskill Mountains north of the city. Water 
quality was traditionally very good, requir-
ing little or no treatment. By the end of 
the 1980s, however, agricultural and other 
development in the Catskills threatened the 
water quality. New York City planners chose 
to work with upstream land owners in the 
Catskill watersheds to address potential 
water quality problems. The resultant plan 
included payments for both on-farm capital 
costs and pollution-reducing agricultural 

Uganda faced numerous challenges in 
addressing water supply and sanitation 
services related to urbanization and popu-
lation growth pressures, including lack 
of harmony in water policies, inadequate 
governance, divergent stakeholder prefer-
ences, managerial inefficiencies and lim-
ited investment capital. To address these 
deficiencies, the government initiated a 
series of complementary activities: 

Instituting timely, rational expansion of •	
water production and network facilities. 

Using an optimal mix of technology-•	
based approaches (such as yard taps, 
prepaid meters and public standposts).

Introducing and subsidizing public ac-•	
cess to water connections.

Implementing innovative capital •	
financing mechanisms (such as tariff 
indexation and conservation, ‘soft’ loan 
financing and bond issuance).

Using output-based investment ap-•	
proaches to strengthen service targeting.

Using community-based approaches •	
and mainstreaming consumer 
preferences.

Establishing stakeholder coordination •	
forums, such as water councils, at dif-
ferent levels.

Equitably providing water and sanita-•	
tion infrastructure, with an emphasis 
on sanitation.

As a result of these activities, water deliv-
ery and service efficiency and profitabil-
ity rose dramatically during 1998-2007 
(see table). Coverage increased more 
than 50%, with total water connections 
more than 3.5 times higher in 2007 
than in 1998. Employee efficiency also 
increased, and income rose more than 
300%.

Several activities were especially helpful in 
improving Uganda’s urban water supply 
and sanitation services:

Using performance-contract arrange-•	
ments that promote a private sector-
like perspective, including market 

orientation, customer focus, incentive 
plans and accountability.

Applying managerial subsidarity, •	
keeping decision-making close to 
beneficiaries.

Separating water supply and sanitation •	
operations from monitoring and regu-
lation to improve accountability.

Incorporating sanitation improvement •	
initiatives into water supply and sector 
plans based on appropriate technologies 
for affordability and social acceptability.

Coordinating investment activities, •	
operations management and user com-
munities to ensure maximum impact.

Source: Mugisha and Sanford 2008. 

Box 14.23	 Addressing water supply and sanitation challenges in Uganda

Performance indicator 1998 2007

Service coverage (percent) 47 71

New water connections (number per year) 3,317 24,418

Total number of water connections 50,826 180,697

Number of employees 1,784 1,388

Staff per 1,000 water connections 37 7

Non-revenue water (percent of total) 51 32.5

Income (billions of Uganda shillings) 21.9 70.4

Profit after depreciation (billions of Uganda shillings) -2.0 6.5
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measures, which helped reduce the costs of 
conventional water treatment. This ap-
proach also protected the watersheds and 
the other environmental goods and services 
they provided (such as recreation and 
biodiversity conservation). The payments 
to water providers come directly from the 
revenues collected from water users in 
New York City.47 A similar approach was 
used in Heredia, Costa Rica, which taxed 
its approximately 50,000 connected water 
users to pay farmers in the watershed for 
improved conservation measures.

Another example of payment for envi-
ronmental services focuses on rewarding 
rural people for programmes that reduce 
the loss of topsoil from cropland in Kenya 
(box 14.24).

Some examples48 suggest that, for 
payment for environmental services 
systems to create an enabling environ-
ment, infrastructure development may 
be necessary. This would be expected to 
increase the costs of implementing such 
systems.49
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Figure 14.1	 Ecosystems and some of the services they provide

Note: Different combinations of services are provided to human populations from the various types of ecosystems represented here. Their ability to 
deliver the services depends on complex biological, chemical and physical interactions, which are in turn affected by human activities.
Source: Based on MEA 2005.
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Key messages

	 Dealing with risk and uncertainty has long been a routine chal-
lenge for water resources managers and policy-makers across 
sectors and the world. However, issues like climate change and 
demographic dynamics have made the risks greater and the task 
more complex. Risk management is now much more important 
– indeed essential – to analysis and decision-making.

	 Drivers and policies outside the water sector have more impact 
on water management than do many policies championed and 
implemented by water-related ministries. Identifying trade-offs 
and synergies between water and other policy sectors can en-
hance policy impacts in all sectors and avoid some adverse ef-
fects on water.

	 Because governments, civil society and business leaders make de-
cisions every day that can affect water, it is important to identify 
where such decisions can also lead to improvements in water sec-
tor management and in water sector and environmental services.

	 Examples of win-win situations abound – whether created by 
governments, communities or businesses – that point to pro-
moting deliberate cooperation between water and non-water ac-
tors and integrating water issues into external decisions.

	 International organizations, notably the UN system, can pro-
vide support and expertise to governments, help civil society 
build capacity and catalyse leadership in the private sector.

4
PART

Chapter 14 shows that many actions de-
fined within the water sector also require 
decisions by leaders and policy-makers 
outside the sector. Furthermore, external 
drivers and policies related to sectors that 
affect overall economic diversification – 
such as agriculture, trade, energy, health, 
housing, finance and social protection – 
have more impact on water management 
than do many policies championed and 
implemented by water-related ministries.1 
The preceding parts of this Report dem-
onstrate the complex links between those 
external drivers and water.

Leaders in governments, civil society 
and the private sector all make decisions 
every day that affect water. It is important 
to identify how decisions motivated by 
economic or social objectives can also lead 
to improvements in water sector manage-
ment and in water sector and environmen-
tal services. This chapter illustrates such 
win-win situations.

There are essentially two ways such win-
win scenarios can unfold. First, policy 
decisions or reforms made outside the water 
sector can create space for change within 
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curbing corruption 
in the water 

sector could save 
an estimated 
20%-70% of 

invested resources

the water sector (discussed in the first part 
of this chapter). In many cases the success 
of reforms in the water sector has depended 
on broader enabling conditions – such as 
transparency and accountability in public 
institutions, sound trade conditions and ac-
cess to information. Responses to some ex-
ternal drivers may therefore indirectly lead 
to improvements in water management.

The second way is more direct and in-
volves avoiding the negative impacts of 
non-water sectoral interventions by taking 
water into account in decision-making 
(discussed in the second part of this chap-
ter) or cultivating deliberate cooperation 
between water and non-water actors (dis-
cussed in the third part of this chapter).

The examples in this chapter provide 
useful insights into how programme and 
policy decisions can achieve multiple 
benefits when implemented so as to take 
impacts on water into account.

Promoting win-win scenarios by 
creating space for change

There are many paths to improving water 
resources management. Direct water inter-
ventions need to be supported by a broader 
enabling framework. Other chapters point 
to the need to increase investment in the 
water sector; to enhance water-related in-
formation, science and monitoring systems 
and to create durable financial mechanisms 
to enable better performance in the water 
sector. This section provides examples of 
decisions outside the ‘water box’ and their 
contribution to improving water services.

Improving governance: promoting 
transparency and accountability
Governance provides the context for 
making water management decisions, 
establishing partnerships, mobilizing and 
distributing resources and giving accounts. 
Decisions about governance imply com-
plex political processes and are heavily 
influenced by history, culture and values.

The capacity to formulate and implement 
appropriate policies is affected by the inclu-
siveness of decision-making, the strength of 
institutions and attitudes towards corrup-
tion. Curbing corruption has particular 
relevance as corruption diverts resources, 
lowers effective investment and under-
mines public confidence and government 
decentralization efforts (see chapter 14).

Building integrity and accountability in 
public decision-making systems also in-
volves promoting the role of civil society, 
non-governmental organizations and the 
private sector. This could be particularly 
relevant in the water services sector, where 
curbing corruption could save an esti-
mated 20%-70% of invested resources.2 
Box 15.1 shows how government and 
donor efforts to combat corruption have 
also allowed for greater citizen participa-
tion in community water development, an 
essential part of water governance.

Citizen participation in decision-making 
at all levels is also central to promoting 
good governance – creating a climate of 
accountability and transparency. Organ-
ized interest groups, community-based 
associations and other groups with the 
capacity and legitimacy to express views 
are crucial. Promoting a culture of consul-
tation within the water sector and increas-
ing consultative and participatory capacity 
in general, will deliver benefits for collabo-
rative water management.

Strengthening decision-making 
through decentralization
Decentralization involves complex process-
es to enable decision-making and promote 
the sharing of resources and responsibili-
ties among various levels of government. 
Occasionally, it includes the devolution of 
some power and responsibilities to civil so-
ciety. In the water sector decentralization of 
management places decision-making closer 
to the level at which services are provided.

Decentralization is typically part of a 
broader package of governance reform. The 
autonomy and resources accorded to local 
governments will vary. In some countries 
where decentralization is ongoing (for 

Donors are increasingly request-
ing anticorruption measures in their 
development assistance program-
ming, to promote aid effectiveness. 
Transparency and accountability in 
government, along with clear rules 
and procedures, will go far in ensuring 
the stability needed to promote social 
and economic development. Efforts to 
promote integrity, transparency and 
accountability in one sector can pave 
the way for similar reforms in other 
sectors as they benefit from the suc-
cesses and lessons learned.

Key elements of a successful anti
corruption strategy include citizen 
participation and access to infor-
mation, independent checks and 
balances and oversight mechanisms, 
public sector codes of conduct and 

attention to incentives to corruption in 
public administration.

Anticorruption strategies can be 
incorporated at all levels of project de-
velopment and implementation, from 
procurement to monitoring and evalu-
ation. For example, the Kecamatan 
Development Program in Indonesia, a 
project implemented by the Indonesian 
Ministry of Home Affairs (Community 
Development Office) and supported in 
part by the World Bank, encouraged 
village communities to participate in a 
water infrastructure project. Competi-
tion among villages was used to single 
out bad construction proposals and to 
strengthen social control in measuring 
quality throughout the project cycle.

Source: Martinez 2007; Olken 2005.

Box 15.1	 Combating corruption
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The effectiveness 
of water 
institutions 
depends on 
macroeconomic 
policies and the 
environment 
created by 
these policies

example, Uganda), local governments re-
ceive resources based on performance, and 
local officials are held accountable based 
on service and management standards.

Decentralized governance implies coopera-
tion among a broader group of actors and 
stakeholders, including central and provin-
cial government institutions and sometimes 
civil society, the private sector and resource 
users. ‘When it works well, decentralization 
has many benefits: it can allow for a de-
mocratisation of decision-making through 
improved stakeholder inclusiveness, trans-
parency and accountability. . . . It can also 
encourage the integration of traditional 
knowledge and practice with innovative 
technologies and science to promote fair 
and efficient management of water resourc-
es and services.’3 The benefits of decentrali-
zation for water management depend on 
assigning adequate authority and resources 
to local governments (box 15.2).

Australia provides a model of such coordi-
nation. Its National Resource Management 
Ministerial Council develops policies and 
strategies for national approaches to conser-
vation and sustainable use of Australia’s nat-
ural resources, including land, vegetation, 
biological resources and water. The council’s 
role is to facilitate, oversee and monitor 
implementation of national programmes 
and action plans and to evaluate outcomes, 
which would otherwise be difficult because 
of the division of constitutional powers and 
responsibilities among territorial, state and 
national government entities. The council 
is responsible for promoting community 
engagement in conserving natural resources 
and for coordinating with other ministerial 
councils and bodies.4

Promoting conducive 
macroeconomic policies
The effectiveness of water institutions 
depends on macroeconomic policies and 
the environment created by these poli-
cies. In the long term macroeconomic 
policies are so powerful and structurally 
influential that the best sectoral institu-
tions cannot completely counteract their 
influence.

Many countries look to economic diver-
sification – economy-wide and within 
sectors – to reduce economic risk and 
promote growth opportunities (box 15.3). 
Economic activity in most least devel-
oped countries is heavily concentrated 
in commodities, with agriculture and 
fisheries contributing more than 36% of 
GDP and 80% of export earnings.5 A few 
commodities account for the bulk of each 
country’s exports, with a single commod-
ity often accounting for more than 60% 
of export earnings. More than 70% of 
the population of least developed coun-
tries is employed in primary commodity 
production.

Some diversification schemes have direct 
impacts on water use or water demand be-
cause they target a sector that uses water. 
Others have an indirect impact on water, 
for example, by altering patterns of energy 
use. Decisions about diversification are 
rarely made with water impacts in mind. 
Rather, they are made in response to a per-
ceived economic vulnerability or opportu-
nity (such as expanding biofuel markets), 
trends in the terms of trade, instability or 
price changes in commodity markets or 
the depletion of mineral or other natural 
resources.

Devolving decision-making powers over 
natural resources to publicly accountable 
local authorities is frequently advocated 
to achieve social development goals and 
enhance environmental management. 
Uganda’s experience, however, suggests 
that to pave the way for better water gov-
ernance and services, decentralization has 
to be accompanied by adequate legisla-
tive and regulatory powers, executive and 
enforcement authority for local authorities 
and adequate resources.

Under the Uganda Local Government 
Act of 1997 district and city councils can 
enact by-laws, provided the by-laws do 
not conflict with the national constitu-
tion or other laws. District councils are 

responsible for disease control, envi-
ronmental sanitation, entomological 
services and vermin control, and forests 
and wetlands. Despite this transfer of 
authority, however, executive powers on 
environmental matters have not been 
effectively devolved. Instead, administra-
tive deconcentration within line ministries 
in charge of particular resources has been 
attempted.

Local governments are required to help 
enforce environment-related rules and 
laws. Local councils below the subcounty 
level have the power to decide on penal-
ties when rules are broken, but the lack of 
clarity regarding the powers of sanction 
and arbitration has undermined good 

environmental practices. In many cases 
responsibility has been transferred but re-
sources have not, impeding local council 
efforts to promote better environmental 
management.

Despite these constraints, there have 
been positive achievements. In many 
areas supplemental resources have been 
mobilized from external aid sources to 
support local council efforts. Local gov-
ernments have made significant progress 
in fulfilling their legal responsibility to 
protect wetlands and river banks by 
negotiating land and water use with the 
local communities.

Source: Bazaara 2003.

Box 15.2	 Decentralization in Uganda – making room for better environmental governance at the 
local level
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Measures to 
improve education, 

both access and 
quality, can 

improve access 
to water and 

sanitation

Economic diversification alone is not 
necessarily good for the environment or 
water systems. Its impacts depend on the 
trade-offs and choices that are being made, 
including which sectors are growing and 
what technology is being used. It is also 
increasingly recognized that longer-term 
considerations such as climate change (see 
chapters 5 and 11) should be factored into 
diversification schemes at local and na-
tional levels to ensure their sustainability 
and long-term economic viability.

Creating space through social 
policies for education and health
There are close and multiple links be-
tween education and water and sanitation. 

Provision of adequate sanitation in educa-
tion facilities, particularly for girls, goes 
hand in hand with access to education. 
Similarly, interventions to increase access 
to basic education are often accompanied 
by efforts to provide drinking water in or 
around schools. In addition, education 
about health, water and sanitation, water 
in agriculture and environmental issues 
more broadly can lead to more sustainable 
performance (box 15.4).

Measures to improve education, both 
access and quality, can improve access 
to water and sanitation. Women with 
education have fewer children, which has 
beneficial consequences for the health of 
mothers and children and results in lower 
demand per family for food and water (see 
chapter 2, especially figure 2.3). Remov-
ing or reducing school fees could free 
household income to pay for other services 
– including food and water or agricultural 
inputs that could increase water productiv-
ity. Higher schooling achievement may 
contribute to better water management by 
increasing prospects for non-agricultural 
employment, potentially reducing the 
land under cultivation and, in turn, the 
amount of water used for irrigation. For 
land under cultivation to shrink, how-
ever, off-farm employment has to generate 
enough income to reduce a family’s reli-
ance on agriculture for its livelihood – still 
unlikely in most rural areas. In China, 
for example, estimates of the returns on 
investment in education show that the 
increase in rural income during the 1990s 
came mainly from off-farm employment. 
Studies have shown that government poli-
cies that increased investment in educa-
tion and in infrastructure for non-farm 

In the late 1970s and early 1980s Mauritius 
launched a policy to diversify away from tradi-
tional exports (sugar and garments). In 1988 
the government relaunched its tourism strat-
egy, emphasizing low-environmental-impact, 
high-spending tourism. In 1970 agriculture 
accounted for 16% of global domestic prod-
uct (GDP) and most exports (sugar), whereas 
manufacturing accounted for only 14% of 
GDP and mainly for the domestic market. The 
service sector, which made up the bulk of GDP, 
was largely non-tradable. By 1997 agriculture’s 
share in GDP had fallen to 9% and less than a 
quarter of exports. Manufacturing’s share had 
nearly doubled (to 25%). A flourishing tourism 
industry, which accounted for 15.7% of GDP 
and 26.8% of exports, had transformed servic-
es into a tradable sector. By 1999 manufactured 

goods accounted for 75% of merchandise 
exports.

Today, as an indirect result of these economic di-
versification efforts of the 1970s and 1980s, 94% 
of the population in both rural and urban areas 
has access to piped water and basic sanitation. 
While agriculture is still by far the greatest water 
user, accounting for 68%, the domestic sector is 
the second, at 30%. This is largely to support the 
tourism industry, the other economic mainstay of 
Mauritius, whose development was aided by sig-
nificant investment in water supply infrastructure.

Source: Benevides and Pérez-Lucy 2001; FAO-AQUA-
STAT database; Zhang 2003; Bird, Chenje, and Medina 
2002; Chang 2008; WHO/UNICEF Joint Monitoring Pro-
gramme for Water Supply and Sanitation 2008, p. 48.

Box 15.3	 Economic diversification in Mauritius helps promote access to 
water

Efforts to increase the effectiveness 
of basic education programmes by 
integrating students’ environment 
into the curriculum (school gardening 
in rural areas, for example) show that 
attendance increases and students 
learn appropriate ways of interacting 
with their environment, including in 
agriculture, land and water man-
agement. Schools are able to forge 
stronger links with their communities 
as service providers, including of ag-
ricultural information, making school 
more relevant.

Policy decisions that are essentially 
driven by education goals – increasing 
school attendance – can also create 
space for improvements in water 
management. The 2000 National Pro-
gramme for Curriculum Development 

in Sri Lanka acknowledged that 
‘information regarding food habits 
and types of food . . . can be used in 
introducing innovative strategies in 
education. Outdoor activities using 
agricultural plots in the school and the 
home can also make learning more 
meaningful and hence attractive. 
These plots could be used for introduc-
ing concepts in mathematics, lan-
guage and social studies, etc. . . . Since 
agriculture is the main occupation of 
the parents in the Sinhala Medium 
areas, every attempt must be made to 
help them to learn better practices. 
Well maintained agricultural plots in 
the school could . . . also serve as dem-
onstration plots for the community.’

Source: Atchoarena and Gasperini 2003, 
pp. 180-85.

Box 15.4	 More relevant schools lead to benefits for 
water
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Decisions at 
many levels and 
sectors can have 
large impacts on 
water, while water 
constraints can 
pose challenges 
to private 
entrepreneurship, 
economic 
development, 
poverty reduction 
and sustainable 
environmental 
services

sectors in rural areas contributed signifi-
cantly to rural non-farm employment and 
to household income.6 In many cases this 
can make the agricultural sector more ef-
ficient, by generating income that can be 
used to provide better agricultural inputs.

There are indirect links between the loss 
of agricultural labour force to diseases 
such as HIV/AIDS and land degradation 
and unsustainable agricultural practices.7 
HIV-related disease and death cause 
agricultural productivity to decline. This 
creates or accelerates a feedback loop 
between poverty and pressures on natural 
resources, including water. There are simi-
lar links between agriculture and malaria, 
with integrated pest management or an 
ecosystem approach helpful in preventing 
malaria transmission as well as improv-
ing land and water productivity and food 
security.8 An agricultural intervention in 
Kenya paved the way for improvements 
in natural resources management, includ-
ing water, although its primary goal was 
malaria prevention (box 15.5).

Other interventions in the health sector 
also promote better water management or 
sanitation. For example, HIV/AIDS educa-
tion and awareness programmes can be 
closely tied to education reform, including 
efforts to integrate the students’ environ-
ment into education programmes (see box 
15.4). Initiatives to limit the public’s expo-
sure to toxic chemicals (including agro-
chemicals) include efforts to limit chemi-
cal dispersal in the environment (air, land 
or water) and can have an impact on water 
quality. The United Nations Economic 
Commission for Europe and World Health 
Organization Euro Protocol on Water 

and Health, adopted in 1999, recognizes 
this mutually reinforcing relationship 
between health and water policies. The 
protocol is the first international treaty 
designed to reduce water-related deaths 
and diseases through improved water 
management and universal access to safe 
water and adequate sanitation. This goal 
is to be achieved through such measures 
as establishing systems of surveillance 
and response to water-related outbreaks 
and adopting national targets and mecha-
nisms to ensure mutual support and 
compliance review.9

Clearing pathways towards 
win-win situations: avoiding 
negative impacts

Decisions at many levels and sectors can 
have large impacts on water, while water 
constraints can pose challenges to private 
entrepreneurship, economic develop-
ment, poverty reduction and sustainable 
environmental services. Avoiding negative 
impacts on water is a matter not only of 
social responsibility, but also of the long-
term sustainability of public and private 
investments.

Economic decisions rarely consider their 
potential environmental impacts, includ-
ing possible adverse effects on water. And 
although water constraints can influence 
the outcomes of economic strategies, water 
managers and water actors rarely partici-
pate in economic decisions. But recogni-
tion is building that water use will need to 
be more sustainable to achieve economic 
growth agendas, especially where the 
economy is highly dependent on water. 
For example, in Djibouti, where water 

A project in Kenya – under the umbrella of the 
International Development Research Centre 
Program Initiative on Ecosystem Approaches to 
Human Health and bringing together experts 
from the International Centre for Insect Physiolo-
gy and Ecology and the International Water Man-
agement Institute as well as the local community 
– is examining links between agriculture and 
malaria using an ecosystem approach. The goal 
is to reduce the incidence of malaria through a 
range of agricultural practices:

Reduce mosquito-breeding habitats by lim-•	
iting the water used for rice cultivation.

Reduce the length of time that paddies •	
are wet, by changing flooding schedules 
or alternating rice cultivation with dryland 

crops such as soya. In addition to limit-
ing the mosquitoes’ habitat, planting soya 
could boost income, improve nutrition and 
save water.

Introduce naturally occurring bacteria into •	
stagnant water to kill mosquito larvae dur-
ing the peak breeding season.

The heart of the ecosystem approach is to 
actively include community members in the 
research process, therefore helping research-
ers understand people’s perceptions about the 
health and development problems in the area. 
This approach also seeks interventions and solu-
tions that are transdisciplinary.

Source: Poverty-Environment Partnership 2008.

Box 15.5	 The ecohealth approach: combating malaria through 
agricultural practices in Kenya
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As the example of 
Ethiopia shows, 

all decisions about 
water use and 

management take 
place in a context 

of macro- and 
microeconomic 

policies and 
decisions

scarcity is severe, the 2004 Poverty Reduc-
tion Strategy Paper recognizes that ‘the 
absence of a natural resources base, weak 
human capital, high costs of labour and 
production factors (energy, telecommuni-
cations and water), inadequate financial 
intermediation, and administrative con-
straints of all kinds are the key obstacles to 
economic growth and to the development 
of private initiative’.10

Tunisia, a country with very limited water 
resources, has succeeded in stabilizing 
its demands and has plans for more ac-
tive demand management (see box 14.3 
in chapter 14). Tunisia implemented a 
national water-saving strategy at an early 
stage for both urban and agricultural 
needs, in line with its long tradition as 
an ‘oasis’ culture with experience manag-
ing common but scarce water resources. 
Water demand for irrigation has been 
stable for more than six years, despite 
agricultural development, seasonal peaks 
in demand and unfavourable climate con-
ditions (drought). The water demands of 
tourism (a source of foreign currency) and 
cities (a source of social stability) have 
been met.

Several principles underlie the Tunisian 
strategy:

Abandoning isolated technical •	
measures in favour of an integrated 
approach.

Empowering users through a partici-•	
patory approach (960 water user as-
sociations were created covering 60% 
of the irrigated public area).

Introducing reforms gradually and •	
adapting them to local conditions.

Applying financial incentive mecha-•	
nisms to promote use of water-efficient 
equipment and technologies (equip-
ment purchases subsidized at 60%).

Supporting farmers’ incomes, to allow •	
them to plan for agricultural invest-
ment and labour.

Introducing a transparent and flex-•	
ible pricing system, aligned with the 
national goals of food security and 
equity, leading to gradual recovery 
of costs. The drinking water pricing 
system supplies a basic-need level of 
services at low cost.11

As the example of Ethiopia shows, all 
decisions about water use and manage-
ment take place in a context of macro- 
and microeconomic policies and decisions 
(box 15.6). To be attractive to public and 
private actors, sustainable water manage-
ment must also make economic sense. 
Even in the growing number of compa-
nies that promote social responsibility, 
economic viability remains the key driver 
of business decisions. But as the examples 
of the Coca-Cola Company (box 15.7) 
and Mondi (box 15.8) show, reducing the 
adverse effects of production on water is 
not only a matter of social responsibil-
ity – it can also make good business sense. 
Box 15.9 illustrates this point with several 
examples.

The Coca-Cola example shows that com-
panies have much to lose in public image 
and consumer trust when they compete 
with traditional uses of water. In this case 
the damage to the company’s image was 
potentially higher than the costs of taking 
preventive action. In the Mondi example 
another large company coupled its plans 
for expansion and profitability with meas-
ures designed to have a positive effect on 
the environment.

Further demonstration of rising private 
sector awareness of the centrality of 
sustainable water management is the 
adoption of the CEO Water Mandate by 
the members of the UN Global Compact 
as a voluntary platform for addressing 
sustainability in business operations and 
supply chains.12 Launched 5-6 March 
2008 by the UN Secretary-General and 
committed business leaders to help 
companies develop a comprehensive ap-
proach to water management, the man-
date covers six areas: direct operations, 

Until recently, most policy and macro
economic decisions in Ethiopia have 
been based on growth models that 
assume that rainfall is consistently 
distributed at historical average levels. 
These models do not take into account 
shocks to the economy caused by 
extreme water events, such as floods 
and droughts.

A World Bank study on Ethiopia esti-
mated the magnitude of the impacts 
of high water variability on growth 
and poverty to assist the govern-
ment in better managing water and 
other parts of the economy (trade, 
transport) and to reduce the impacts 
of water shocks. The study found 
that considering the effects of water 

variability reduced projected rates 
of economic growth 38% a year and 
increased projected poverty rates 25% 
over a 12-year period. It also found 
that investments in water infrastruc-
ture, such as irrigation systems, were 
needed to reduce vulnerability to 
rainfall variability and that transport 
infrastructure helped communities 
adjust to localized crop failures by 
enabling farms to sell their surplus 
in food-deficit areas. The analysis, 
conducted with the Ethiopian govern-
ment, helped make water resources 
management a central focus of the 
government’s national poverty reduc-
tion strategy.

Source: Sadoff 2006.

Box 15.6	 Measuring the water limits to growth in 
Ethiopia
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supply chain and watershed manage-
ment, collective action, public policy, 
community engagement and transpar-
ency. The endorsing members of the CEO 
Water Mandate include the chief execu-
tive officers of 32 companies working in 
all economic sectors around the world, 
from agrifood to textile and financial 
institutions.

Secretary-General Ban Ki-moon called on 
the business and international community 
during the 2009 Economic Forum meet-
ing in Davos, Switzerland, to make water 
security one of the key topics for climate 
change adaptation and emphasized the 
importance of a Global Agenda Council on 
Water Security.13

Promoting win-win scenarios 
through cooperation and 
knowledge

In addition to avoiding negative impacts, 
win-win choices need to be cultivated in all 
aspects of social life to deal with the urgen-
cy of the water situation around the world. 
Examples of win-win scenarios can be 
found in all policy areas – from traditional 
water-using sectors to security policies – and 
implemented at various scales and levels.

Consultation and cooperative 
management
Citizen participation in decision-making is 
central to promoting good governance and 
creating a climate of accountability and 

In 2000 the Coca-Cola Company began 
bottling operations in Kala Dera, a large 
village outside Jaipur, Rajasthan, India, 
where irrigated agriculture is the primary 
source of livelihood. Within a year the 
community noticed a rapid decline in 
groundwater levels, for which the plant 
was blamed. The community demanded 
closure of the plant, and the cause re-
ceived some international support, mainly 
from university students in Canada, the 
United Kingdom and the United States, 
some of Coca-Cola’s largest markets.

In late 2004 the company agreed to 
an independent enquiry into its water 
management practices by the Energy and 
Resources Institute (TERI), a non-profit in-
ternational research organization based in 
New Delhi. Released in January 2008, the 
report was welcomed by both sides, each 
finding some support for its positions.

For the activists opposed to the bot-
tling plant the report confirmed that the 

plant was operating in an ‘overexploited’ 
groundwater area and that the plant’s 
operations were contributing to a worsen-
ing water situation and were a source of 
stress to the community. The assessment 
made four recommendations: the plant 
could transport water from the near-
est unstressed aquifer, store water from 
low-stress seasons, relocate the plant to 
a water-surplus area or shut down this 
facility.

For Coca-Cola the report noted that 
the company was a very small user of 
water, tapping less than 1% of the area’s 
available water. Nonetheless, the report 
recommended more consideration of 
community water needs in plant location 
and operations, arguing that ‘assess-
ment of water availability in the vicinity 
of a bottling operation should be from a 
perspective . . . wider than business con-
tinuity’. Coca-Cola India pledged to reach 
a net-zero balance in groundwater use 
by the end of 2009, installed a rainwater 

harvesting system for groundwater re-
charge and drafted guidelines for engag-
ing with the community. To help farmers 
use water more efficiently, Coca-Cola, in 
partnership with local farmers and the 
government, has started drip irrigation 
projects with 15 farmers. Some 15 more 
projects are planned in 2008-09.

Assessments across various plant sites 
indicated that the state governments 
in India have not been able to value 
their water resources appropriately. The 
review report seems to move towards a 
view that holds corporations responsible 
for their environmental impact beyond 
the strictures of existing regulations. 
The report recommends that Coca Cola 
‘define a strategy wherein it is able to 
offset this anomaly through appropriate 
and commensurate interventions that . . . 
result in a stream of benefit flows to the 
community.’

Source: TERI 2008.

Box 15.7	 The Coca-Cola controversy in Kala Dera, India – learning from mistakes

Mondi South Africa, a wholly owned sub-
sidiary of Anglo American plc, produces 
pulp, paper, board, corrugated containers 
and mining support systems. Activities 
range from forestry operations to highly 
technical manufacturing and converting 
processes. To increase its competitive-
ness in a demanding international pulp 
market, Mondi implemented a 2.3 billion 
rand (approximately $24 million) expan-
sion project, raising the mill’s production 
capacity 25% and accommodating a 
40% increase in timber supply from more 
than 2,800 small growers who form part 
of Mondi’s Khulanathi timber growers 
scheme.

The project began in 2001 with an en-
gineering study, followed by a detailed 
environmental impact assessment in 
2002. Through improvements in energy 
supply infrastructure and targeted 
equipment and technology upgrades, 
the company achieved its expansion 
objectives, while realizing the following 
benefits:

A 50% reduction in sulphur dioxide •	
(2,177 tonnes).

A 35% reduction in nitrous oxide •	
(509 tonnes).

A 50% reduction in carbon dioxide •	
(297,121 tonnes).

A 60% reduction in total sulphur.•	

Total energy and water cost-savings •	
of 38,678,843 rand (approximately 
$4.9 million).

A reduction in water use of some •	
13,000 cubic metres per day.

A more than 25% reduction in •	
wastewater.

Source: WBCSD 2006.

Box 15.8	 Mondi South Africa achieves sustainable expansion
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transparency. Interventions to promote 
a culture of consultation and to increase 
consultative and participation capacity 
will help to deliver benefits in all areas, in-
cluding collaborative water management.

In 1978 Québec, Canada, created the 
Bureau d’audiences publiques sur l’envi-
ronnement (BAPE), an independent entity 
charged with consulting with citizens on 
projects that might have environmental 
implications (box 15.10). The BAPE exam-
ple shows that an adequately mandated 
consultative process can legitimize policy 
decisions and identify multiple social, eco-
nomic and environmental benefits around 
sound water management.

Creating institutions concerned with 
major water-related issues helps identify 
possibilities for collaborative initiatives in 
other areas of the economy as well. In the 
BAPE case the point of entry was the need 
for a new water policy that would answer 
the requirements of various users. Other 

points of entry can also be found. For 
example, technical investigations can pave 
the way to collaborative learning processes 
among scientists and decision-makers, as 
seen in the Upper San Pedro Partnership 
in Arizona in the United States (box 15.11).

Cooperative management can occur be-
tween different types of actors, including 
public-private partnerships. One example 
is payments for environmental services, 
using market-based tools to create incen-
tives for maintaining a water resource or 
paying for watershed services (see chapter 
14). In Costa Rica the water utility in the 
Heredia region pays landholders to protect 
forests on the hill slopes from which they 
derive their water, benefiting both land-
owners and municipal water customers.14

Win-win scenarios from sectoral 
interventions
Agriculture. Lasting win-win benefits for 
water and agriculture often result from ex-
plicitly recognizing and analysing trade-offs 

In Turkey a tyre-making factory in the •	
Izmit region reduced its water con-
sumption by nearly three-quarters, 
from 900,000 litres a day to 250,000 
litres, thus also reducing its dis-
charges into the community sewers. 
A detailed analysis made it possible 
to replace a cooling system with a 
closed-circuit system for an invest-
ment cost of $5,000 and a return 
time of two years.

In Egypt one of the largest tinned-•	
food manufacturers (Montazah, near 
Alexandria) underwent an eco-audit 
and introduced measures to reduce 
energy consumption: insulating steam 
pipes, replacing leaky parts, fitting 
a pressure regulator to the steriliz-
ers and improving the recuperation 
system and boiler efficiency. Water 
consumption was reduced by imple-
menting water-consumption hydrom-
eter monitors, installing sprinklers (so 
that water flows only when needed) 
and improving the water collection 
and recycling system. The savings in 
water, steam and energy (nearly 40% 
savings in fuel consumption) made it 
possible to reduce discharges and am-
ortize investments over 1-44 months.

One of Croatia’s biggest dairy com-•	
panies, LURA in Zagreb-Lurat, un-
dertook measures such as employee 
training, reducing the diameter of 
cleaning pipes and changing the hot-
water circuit that reduced effluents 

by 286,000 cubic metres a year (or 
27%) and drinking water by 280,000 
cubic metres a year. These simple, 
low-cost measures (investment of 
€31,000) involved employees, saved 
water and energy (equivalent to 
€328,000 a year) and reduced ef-
fluents, with an investment amortiza-
tion of less than one month.

In Tunisia a manufacturer of car bat-•	
teries identified 19 ways of prevent-
ing contamination and pollution 
(acids, lead scoria and wastewater) 
and saving lead and energy. The costs 
of the new measures were $522,500, 
while savings amounted to $1.5 mil-
lion a year.

In Mexico the General Motors de •	
Mexico Ramos Arizpe Complex (2001 
Stockholm Water Award recipient) 
employed physical, chemical and 
biological wastewater treatment 
processes to recover and reuse 70% 
of its industrial wastewater. It also 
promoted use of brackish well water 
by separating salts and increasing the 
useable amount withdrawn from 67% 
to 94%. It helped reduce pressure on 
the only source of water for a popula-
tion of 40,000, a small confined and 
brackish aquifer.

In India the Staple Fibre Division of •	
Grasim Industries Ltd (2004 Stock-
holm Water Award recipient), a 
producer of viscose staple fibre, has 

reduced water consumption by 85%, 
process steam by 51% and electrical 
usage by 43% since 1980. The com-
pany was among the first to replace 
zinc – a pollutant particularly harmful 
to marine and aquatic life – with alu-
minium in its production process.

In Australia, the driest inhabited •	
continent in the world, Sydney Water 
(2006 Stockholm Water Award 
recipient) supplies water to 4.2 mil-
lion people. As part of its operating 
licence, Sydney Water is required to 
reduce per capita consumption by 
35% before 2011. Since the inception 
of its water conservation programme 
in 2001, Sydney Water has saved 
more than 20 million litres a day and 
more than 310 organizations have 
joined the initiative.

In the United States, Orange County, •	
California, (2008 Stockholm Water 
Award recipient) focused on reuse in 
its groundwater replenishment system, 
which diverts and purifies highly treat-
ed sewer water that was previously 
discharged into the ocean and returns 
the cleaned water to the groundwater 
basin. The system will provide enough 
additional water to meet the needs 
of 500,000 more people without 
diminishing groundwater resources for 
current users (2.3 million).

Source: Adapted from Benoit and Comeau 2005 
and www.siwi.org/sa/node.asp?node=77.

Box 15.9	 Examples of clean production processes
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and factoring them into decision-making. 
Doing so may depend on the availability of 
information, collaborative decision-making 
and perceptions of available alternatives. 
In poor communities where survival is the 
main concern, people may have few choices 
about how they use land and water, or the 
perceived risks of alternatives could out-
weigh the potential benefits. This is why 
most successful integrated rural develop-
ment initiatives are designed to help such 

communities reduce risks, develop alterna-
tives and bring trade-offs to the forefront in 
decision-making (box 15.12).

Investment in water infrastructure and 
sanitation can reduce poverty by stimu-
lating productive activity (see chapter 6). 
In rural areas there is no definitive line 
between ‘household’ water use and water 
use for productive purposes – watering 
plots for food and cash crop production, 

In 1998 the minister of the environment 
called on the Bureau d’audiences pub-
liques sur l’environnement (Office for Pub-
lic Hearings on the Environment, BAPE) to 
hold a public consultation on water man-
agement in Québec. The consultations 
– conducted through written comments, 
public hearings and discussions – helped 
develop recommendations on better water 
management.

From 15 March 1999 to 1 May 2000 the 
commission held 142 public meetings in 
the 17 administrative regions of Québec 
and heard 379 briefs. The BAPE report, 
Water: A Resource to Be Protected, Shared 
and Enhanced, was submitted to the min-
ister of the environment on 1 May 2000. 
The report emphasized three areas:

Improving governance through water •	
management at the river basin level.

Preparing regional portraits cover-•	
ing the public’s expectations for 

water management and aquatic 
ecosystems.

Reforming legislation and institutions •	
needed to implement an integrated 
water and aquatic ecosystem policy.

The report addresses 16 themes, among 
them agricultural pollution abatement, 
hydroelectricity, integrated management 
of water and aquatic ecosystems at the 
watershed level, water exports and the 
special case of the St. Lawrence River.

The commission made 13 main recom-
mendations for the short, medium and 
long terms. It also presented findings and 
observations for the government’s reflec-
tion. In 2002 the government of Québec 
released its water policy, Water: Our Life, 
Our Future. The policy seeks to protect 
water resources as a unique heritage, man-
age water in a sustainable development 
perspective and better protect public 
health and the health of ecosystems.

The policy adopts most of the BAPE 
recommendations. It reaffirms that water 
is part of the collective heritage of the 
province and incorporates measures 
intended to:

Implement integrated river basin •	
management.

Implement this form of management •	
in the St. Lawrence River, by granting 
it a special status.

Protect water quality and aquatic •	
ecosystems.

Continue water clean-up efforts and •	
improve water services management.

Promote water-related recreation and •	
ecotourism activities.

Source: Cosgrove 2009; BAPE 2000; Québec 
Ministry of the Environment 2002.

Box 15.10	 Québec’s Bureau d’audiences publiques sur l’environnement consultation on water 
resources management

The Upper San Pedro Partnership in 
Arizona in the United States represents a 
diverse consortium of interests, including 
municipal, state and federal government 
institutions. From its initial goal of devel-
oping a definitive regional groundwater 
management plan in 1998, it evolved into 
a more complex, yet flexible, ongoing 
adaptive management planning process 
that endures a decade later.

An adaptive management approach allows 
actions with low risk or uncertainty to be 
taken early on. Member agencies realized 
that implementing certain water man-
agement strategies required substantial 
information through monitoring, research 
and modelling efforts as well as political 
assessments, while other projects repre-
sented relatively low-risk strategies and 
could be implemented sooner. By 2003 
the partnership had identified more than 

100 projects for implementation, includ-
ing repair of leaky infrastructure, car-wash 
water recycling, voluntary retirement of 
agricultural pumping through conser-
vation easements, recharge of treated 
effluent and reintroduction of beavers. In 
the 2004 Water Management and Con-
servation Plan the partnership prioritized 
additional projects – developing model 
codes and ordinances, establishing water-
conservation surcharges for excessive use, 
exploring a transfer of development rights 
programme and other measures. Projects 
with greater uncertainty, higher political 
risks or significant costs were targeted for 
additional feasibility studies or evaluation 
using a decision-support system model. 
The partnership uses the model to evalu-
ate combinations of management options 
(scenarios) such as the possible reloca-
tion of municipal wells, construction of 
additional recharge facilities and various 

water augmentation strategies. Unlike a 
simple annual ‘bottom line’ water-budget 
approach, the model considers spatial and 
temporal groundwater management con-
cerns, essential to sustain the ecological 
values of the San Pedro Riparian National 
Conservation Area.

In San Pedro complex and controversial 
strategies such as water importation, 
the transfer of development rights and 
surcharges for excessive water use all had 
the potential to divide the community. To 
engage the community early on in plan-
ning processes, the partnership conducted 
a series of community meetings to provide 
citizens with an opportunity to thought-
fully consider issues and provide meaning-
ful input.

Source: Holly Richter, Udall Center for Studies in 
Public Policy.

Box 15.11	 Collaborative learning processes – adopting an adaptive management framework
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livestock, trade and other income-gener-
ating activities. The amount of water pro-
vided to poor households with access to 
land needs to be sufficient for these other 
income-generating purposes.

Multiple-use initiatives for water recog-
nize the benefits to poor households of 

having adequate water for non-household, 
income-earning activities (box 15.13). But 
such initiatives are often not in line with 
water efficiency efforts. Surface irriga-
tion is the most water-demanding form of 
irrigation, but the excess water can have 
other benefits: it enables aquaculture (as in 
rice fields in China) and washes off the salt 
accumulating in topsoil (avoiding salini-
zation of cultivated lands). Efforts to save 
water by reducing water input would thus 
mean the loss of an income source (fish 
production) and potentially of cultivated 
lands, if salt accumulation becomes severe.

Integrated multiple-use systems are found 
worldwide – usually documented at the 
farm and field levels – but conflicting 
management objectives are just as com-
mon and create hurdles for the promo-
tion of these systems. Multiple uses of 
water imply multiple interest groups 
whose water management objectives may 
not always be compatible. Despite much 
evidence of integrated water use at the 
farm level (such as rice-fish systems and 
irrigation-aquaculture systems), sectoral 
management at higher levels impedes true 
integration of water and irrigation with 
other sectors, including fisheries, forestry 
and sanitation. Furthermore, multiple 
uses and demands for water can generate 
opportunity costs and externalities, even 
when some uses are non-consumptive (fish 
farming in irrigation canals, for exam-
ple). These problems are intensified by 
the seasonality of supply and the limited 
availability of irrigation water in semi-arid 
tropical countries as well as the common 
pool, open access nature of the resource.15

By the 1960s severe deforestation had 
seriously harmed the ecosystems and 
livelihoods of the people of Madhya 
Pradesh, India, resulting in widespread 
soil erosion, overgrazing and inappro-
priate land use, barren landscapes and 
seasonal migration of men in search 
of employment. Under a project 
implemented by the National Centre 
for Human Settlements and Environ-
ment and local communities with 
funds from the government of India, 
multiple interventions attempted to 
restore natural resources and improve 
the socioeconomic conditions of 
district residents. The project took an 
integrated management approach, 
based on community needs. Activities 
included:

Protected afforestation on com-•	
munity land.

Distribution of seedlings to encour-•	
age planting on private land.

Soil and water conservation.•	

Pasture improvement through •	
planting pasture grasses.

Water harvesting.•	

Distribution of subsidized fuel and •	
energy-saving devices.

Integration of land use innovations •	
with measures to improve com-
munity livelihoods.

Promotion of alternative income-•	
generating activities to reduce pov-
erty and reduce seasonal migration.

In addition to immediate land pro-
ductivity benefits, there were many 
positive ecosystem-wide benefits, in-
cluding a marked increase in ground-
water recharge and water supply from 
harvesting. Livelihoods improved as 
well. The model was subsequently 
adopted by neighbouring states.

Source: National Rural Development Insti-
tute n.d.; www.mprlp.in; www.nchse.org/
projects.htm.

Box 15.12	 The Integrated Watershed Development 
Programme in Jhabua District, Madhya 
Pradesh, India

Since 2003 Winrock International Develop-
ment Enterprises and local partners have 
worked with more than 70 communities in 
14 districts in Nepal to develop multiple-
use water systems serving some 1,600 
households (more than 9,300 people). The 
approach combines multiple-use water 
services with supporting business services 
that allow the rural poor to realize health 
benefits as well as sustainable increases 
in income. Proven low-cost technologies 
(nearby low-flow sources that are often by-
passed by conventional programmes) are 
used to provide cost-effective water serv-
ices to small communities (15-50 house-
holds). Related business services focus on 
income-generating opportunities from 
productive water use activities, primarily 
high-value horticulture. Typically, such 
business services involve assessing rural en-
terprises (inputs, costs, demand, markets 

and prices) and identifying ways to add 
value through products and services.

An evaluation of the Nepal pilot pro-
gramme found that, in addition to 
receiving water for drinking and domestic 
uses, households with multiple-use water 
services had increased their average gross 
incomes by $250 a year through the 
production and sale of horticultural prod-
ucts, made possible by reliable access to 
productive water. For 70% of the systems, 
gross margins covered costs within one 
year. All schemes are managed by water 
user associations, which are responsible 
for securing water rights, operating and 
maintaining the systems and managing 
finances. Households contribute to opera-
tion, maintenance and capital replace-
ment of the system. About 75% of water 
user associations have savings and credit 

schemes, and many provide revolving 
microcredit for income-generating activi-
ties. Some 85% of households surveyed 
were highly satisfied with multiple-use 
water services, reporting greater quantities 
of water available within close proximity 
(less than 60 metres away, on average) for 
household use, irrigation and livestock.

Other important benefits included time 
saved from no longer hauling water, 
reduced incidence of diarrhoeal diseases, 
higher consumption of nutrient-rich veg-
etables and increased school attendance 
by girls (more than 65% of households). 
More than 60% of households had in-
stalled sanitary latrines, a combined effect 
of more water for sanitation, increased 
income and sanitation marketing.

Source: Development Vision – Nepal 2007.

Box 15.13	 Experience with multiple-use water services in Nepal
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the rising cost of 
public subsidies for 
fuel and electric 
power has steeled 
the resolve of many 
governments to 
tackle this perverse 
incentive for 
overabstraction 
of water

Energy. Energy demand and water use are 
closely linked (see chapter 7). Energy costs 
and concerns about energy efficiency can 
be brought to bear in addressing water 
issues. In parts of South Asia and other 
regions where farmers use groundwater 
drawn from private wells, the price of elec-
tricity needed for pumping is a powerful 
instrument for controlling groundwater 
abstraction by influencing farmers’ pump-
ing behaviour.

However, electricity is underpriced in 
many areas. The arguments against raising 
electricity prices, and the practical prob-
lems in doing so, are similar to those for 
holding down irrigation water prices for 
small farmers. However, the rising cost of 
public subsidies for fuel and electric power 
has steeled the resolve of many govern-
ments to tackle this perverse incentive for 
overabstraction of water. The metering 
of electricity to farmers in North China 
shows the efficacy of economic pricing 
for resource management, given the right 
institutional structure.16

In the example in box 15.14 decisions 
about energy sources and consumption are 
motivated primarily by profitability and 
cost reduction, but they can also generate 
benefits for water.

Adequate water and energy are prereq-
uisites for breaking the cycle of poverty. 
Using renewable energy in rural electrifica-
tion, for example, is a win-win scenario 
at the local level. Greater availability of 
electricity would lessen dependence on 
fuelwood (still a significant source of 
energy in Africa, for example), reducing 
deforestation and its effects on the local 
water cycle, while providing an engine for 
growth.

In the Dominican Republic, where many 
people in rural areas have no access to 
electricity, the non-governmental organi-
zation Association for Solar Energy Devel-
opment helped more than 5,000 house-
holds obtain home solar power systems, 
and numerous other public facilities have 
been powered by solar energy. The associa-
tion estimates that 3-6 tonnes of carbon 
dioxide emissions are avoided for each 50 
gigawatt panel that replaces kerosene light-
ing.17 In addition to enabling communities 
to engage in alternative income-generating 
activities, the programme helped develop 
solar-powered potable water systems. 
Using solar energy to draw groundwater 
reduces the costs of access to water while 
providing access to higher-quality water, 
since surface waters are often polluted. 

Local benefits vary by setting, but health 
benefits (from reductions in indoor air 
pollution), environmental benefits (from 
reduced deforestation and emissions) and 
economic benefits (from use of a renew-
able energy source) are all possible.

Tourism. With 898 million travellers world-
wide in 2007 and 1.6 billion forecast for 
2020, tourism is a growing sector of the 
economy in many developing countries.18 
In addition to direct employment and 
investment, tourism generates jobs and 
revenues in surrounding communities and 
stimulates infrastructure investment. Sus-
tainable tourism, or ecotourism, can also 
provide the impetus for conservation ef-
forts. Tourism depends on the availability 
of natural resources, landscapes and eco
system services, chief among them water 
and biological diversity. But construction 
of tourism installations and infrastructure 
can also harm ecosystems through pollu-
tion, deforestation and overexploitation. 
Tourism also requires increased water 
supply and sanitation services, which can 
divert water from other uses. Antigua and 
Barbuda, whose economy is dependent on 
tourism, must purchase water from neigh-
bouring Dominica to satisfy demand.

There is increasing evidence that win-win 
scenarios for tourism and water are pos-
sible, as well as for tourism and community 
development. In Tunisia higher water tariffs 
for tourist establishments cross-subsidize 
water supplied to Tunisians (see box 14.3 
in chapter 14). With the recent rise in 
consumer awareness, tourism enterprises 
everywhere are trying to demonstrate cor-
porate social and environmental respon-
sibility. Governments are also working to 
promote more integrated tourism invest-
ment planning, sustainable use of protected 

Eco-efficiency, a microeconomic 
objective, focuses on reducing the 
amount of water, energy, chemicals 
and raw materials used per unit of 
output. Eco-efficiency is motivated 
not only by environmental concerns 
but also by prospects of financial 
savings through reduced energy 
and water bills, less money spent on 
raw materials and fewer regulatory 
hurdles.

Swiss-based ST Microelectronics cut 
electricity use 28% and water use 45% 
in 2003 and reported saving $133 
million. DuPont committed to keeping 

energy use flat no matter how much 
production increased, which has 
reportedly saved more than $2 billion 
over the past decade. Advanced Micro 
Devices tracks kilowatt hours per 
manufacturing index and reports a 
60% reduction from 1999 to 2005.

Although motivated by the need to 
innovate and increase profitability, 
competitiveness and market shares, 
these measures have all had the added 
benefit of decreasing water use and 
limiting pollution.

Source: Worldwatch Institute 2008.

Box 15.14	 The drive for competitive advantage leads to 
water benefits
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Water is emerging 
as a strategic 
resource that 

underpins many 
dimensions 
of security

areas, impact assessments and certification 
programmes. Ecotourism can help promote 
conservation, poverty reduction and sus-
tainable water management when adequate 
enforcement and benefit-sharing mecha-
nisms are in place (box 15.15).

Promoting multiple objectives 
through regional economic 
development
Regionally based development efforts at 
the subnational level usually involve a 
package of interventions in multiple and 
mutually reinforcing sectors. Because 
water resources are a cornerstone of eco-
nomic development in many areas, region-
al economic development programmes 
are either organized around water inter-
ventions (as in the Southeast Anatolia 
example in box 15.16) or indirectly related 
to the water sector. As the example of the 
Tennessee Valley Authority in the United 
States shows, achieving multiple eco-
nomic, social and environmental objec-
tives simultaneously is not only possible, 
but also potentially easier than pursuing a 
single objective (box 15.17).

Promoting win-win scenarios 
through security and crisis 
prevention
There are multiple links between water 
and human security and, to some extent, 
national security – from individual food 
security, health, hygiene and sanitation, 
and economic security to regional conflicts 

among water users. Climate change, with 
its associated pressures on water resources, 
is expected to worsen human security 
everywhere – by undermining develop-
ment efforts and by exposing more people 
to disasters resulting from extreme weather 
events and disrupted ecosystems.

Governments are increasingly concerned 
about security, including energy security, 
development and socioeconomic security 
and physical security. Political stability, a 
tenuous achievement in many countries, 
also depends on perceptions of economic 
vulnerability (as evidenced in early 2008 
riots over rising food costs in such coun-
tries as Bangladesh, Haiti, Somalia and 
Yemen) and physical safety. The water-sta-
bility link is also stronger where water re-
sources are scarce and competition among 
users is likely to occur on a large scale.19

Promoting human security. Water is emerg-
ing as a strategic resource that underpins 
many dimensions of security. And many 
interventions at the local, regional and 
global levels that are designed to address 
security concerns are linked to water re-
sources management (box 15.18).

An example is the development of renew-
able energy to promote energy security. 
This can generate significant benefits for 
water – freeing it for other uses and for 
the protection of ecosystem integrity. 
Disaster preparedness and climate early 

Having experienced a surge in tourism, 
Turkey is predicted to join Greece and 
Croatia as a leading tourist destination in 
the Mediterranean by 2020. The South-
western Anatolian coast of Turkey, identi-
fied by WWF as one of the most ecologi-
cally important in the Mediterranean, is 
also the most affected by mass tourism 
development. To avoid the destruction 
of its fragile coastline, the government of 
Turkey has adopted an integrated coastal 
management approach aimed at preserv-
ing not only the natural heritage but also 
social and cultural integrity.

Çıralı was chosen for a pilot project to 
implement this approach. Çıralı had 
shifted from an agricultural economy 
towards tourism in the late 1980s. The 
resulting construction of tourism facilities 
led to multiple problems. Pesticides from 
agricultural activities had already polluted 
soil and water sources, which were further 
threatened by the growth of tourist res-
taurants around the village’s main spring. 
Illegal construction spread due to the 

lack of enforcement of land development 
regulations.

What precipitated a change was that Çıralı 
beach was a major nesting site for the 
endangered loggerhead sea turtle (Caretta 
caretta). WWF Turkey (formerly known as 
the Turkish Society for the Conservation 
of Nature) entered the scene initially to 
help protect the turtle. In 1997 the project 
was broadened from turtle protection to 
stimulating community awareness of its 
responsibility for the natural environment 
and to developing a model of sustainable 
tourism in Çıralı. WWF examined land 
resources management in the area and the 
potential to create diverse, sustainable and 
environment-friendly economic opportu-
nities and to protect biodiversity.

With a new awareness of the need to 
become guardians of their natural herit-
age, the local community pressured for 
enforcement of the existing Coastal Law. 
The responsible ministry, with buy-in 
from local residents, moved the kiosks 

and restaurants that had been built too 
close to the shore in violation of the law. 
WWF and the ministry prepared further 
guidelines and recommendations for wise 
use of land resources, including a land use 
plan that defined the positioning of build-
ing infrastructure in the area and a land 
management plan. Ecotourism activities 
were started to generate support for con-
servation and create economic opportuni-
ties for the local community throughout 
the year, instead of just seasonally. As 
part of the venture locals were trained as 
nature guides, and trekking paths were 
identified – activities that attracted young 
people in the community. A move was also 
promoted from input-intensive agriculture, 
which polluted soil and water supplies, to 
organic agriculture. A cooperative was set 
up by the farmers to produce and market 
organic products and to create a brand for 
produce of Çıralı origin.

Source: peopleandplanet.net 2002; www.
panda.org/news_facts/newsroom/news/index.
cfm?uNewsID=13382&uLangID=1.

Box 15.15	 Sustainable tourism, Çıralı, Turkey
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warning systems, increasingly used as 
preventive responses to climate variability, 
are directly linked to water management. 
In Djibouti, whose capital was severely 
affected by flooding in 2004, the World 
Bank supported the Flood Emergency 

Rehabilitation Project for the construction 
and rehabilitation of wadi banks, drainage 
infrastructure and flood control dikes. Al-
though an immediate response to physical 
security concerns, these measures have a 
potentially long-term beneficial effect on 

Turkey’s Southeastern Anatolia Project 
(GAP) is a multisectoral, socioeconomic 
development project designed to raise 
incomes in this less-developed region to 
narrow the regional income disparities 
by improving the economic structure, 
increasing productivity and employment 
opportunities in rural areas, enhancing 
the assimilative capacity of larger cities 
in the region and contributing to the 
national objectives of sustained economic 
growth, export promotion and social 
stability. 

Begun as a water infrastructure develop-
ment project, GAP evolved into a pro-
gramme that supports sustainable social 
and economic development through addi-
tional investments in urban and rural infra-
structure, agriculture, transport, industry, 
education, health, housing, tourism, 
environmental protection, gender equality 
and poverty reduction. The programme’s 
total costs are split between investments 
in water-related projects (48%) and those 
in other sectors (52%).

The project area is home to 6.5 million 
people, or 10% of the country’s popula-
tion. The project will generate 27,470 
gigawatt hours of electricity, boosting na-
tional hydroelectrical output by 70%, and 
add 1.7 million hectares to the 4.5 million 
hectares of irrigated land.

Governance of the project changed with 
the evolution of its philosophy. Manage-
ment of the project began under the 
national water authority in the 1970s and 
shifted to the national planning organiza-
tion in the 1980s. In 1989 the government 
established a mandated entity, the GAP 
Regional Development Administration, 
to coordinate special programmes and 
projects in social services (education, 
health), gender equity and empowerment, 
urban management, participatory irrigation 
management, agricultural productivity, 
resettlement, environmental conservation 
and protection, and institutional and com-
munity capacity-building. The GAP Higher 
Council, the highest decision-making body, 
is chaired by the prime minister and initially 

included ministers for planning, energy and 
natural resources, and public works. Minis-
ters for agriculture and environment were 
added later. It has a coordinating body 
of line ministries operating in the project 
area, local governments, local chambers 
of industry and trade, local chambers of 
agriculture and regional universities.

The overall cost of the GAP is projected at 
$32 billion, of which $17 billion has been 
invested. Per capita farm incomes have tri-
pled since irrigation was expanded. Rural 
electrification and accessibility reached 
90%, literacy rates rose, infant mortality 
rates fell, and a more equitable land ten-
ure system is in place. Urban settlements 
served with water supply quadrupled. The 
region’s economy, once the least devel-
oped in the country, is now at the national 
average.

Source: Aysegül Kibaroglu, Department of 
International Relations, Middle East Techni-
cal University, Ankara, Turkey; Government of 
Turkey 1989.

Box 15.16	 Integrating multiple sectors in Southeast Anatolia, Turkey

During the Great Depression of the 1930s 
the Tennessee River Valley, which stretches 
through seven southern states in the 
United States and drains a basin of 105,930 
square kilometres, was a land of despair. 
More than 90% of valley residents had no 
electricity, and nearly 40% had no toilets 
or outhouses. Most of the power required 
for agriculture came from horses, and most 
of the residents were subsistence farmers 
working degraded soil or in areas experi-
encing serious and repeated flooding.

President Franklin Roosevelt launched many 
programmes designed to bring the econo-
my out of depression and to improve the lot 
of people mired in poverty. With a strong 
interest in basin planning and in developing 
system-level solutions, he asked Congress 
to create ‘a corporation clothed with the 
power of government but possessed of 
the flexibility and initiative of a private 
enterprise’. In 1933 Congress authorized the 
Tennessee Valley Authority (TVA).

Given a broad charter, the TVA focused on 
carrying out its mission on an integrated, 

watershed basis, dealing concurrently 
with hydropower production, navigation 
on the Tennessee River, flood control, 
health problems such as malaria pre-
vention and resource challenges that 
included reforestation, erosion control 
and restoration of fisheries. It would have 
been labelled integrated water resources 
management, had the concept been 
identified in 1933.

By 1945 TVA had completed more 
than a dozen large dams and built a 
1,050-kilometre navigation channel. It also 
had become the largest supplier of electrici-
ty in the United States and a major driver for 
rural electrification. Evaluations noted that 
the TVA was substituting order and design 
for haphazard, unplanned and unintegrated 
development in its programme for flood 
and navigation control, land reclamation 
and cheap electricity for light and power.

By the 1960s residents of the Tennessee 
Valley were sharing in unprecedented 
economic growth and a higher stand-
ard of living, with electricity, clean 

water and sanitation provided to most 
homes.

Today, the TVA provides electric power, rec-
reation, improved water quality and a reli-
able supply of water to cool power plants 
and meet municipal and industrial needs. 
It generates more electricity than any other 
public utility, operates a system of 49 dams 
and reservoirs on the Tennessee River 
and its tributaries and manages 118,572 
hectares of public land. It operates the river 
system as an integrated whole to provide 
year-round navigation. Barges on the Ten-
nessee River carry some 50 million tonnes 
of goods annually. Structural and non-
structural approaches prevent an estimated 
$230 million in flood damages annually. In 
one decade, through the development of 
water resources, the Tennessee Valley lifted 
itself out of poverty; in seven decades it has 
become a powerful economic and social 
force in the United States.

Source: Gerald Galloway, Department of Civil and 
Environmental Engineering, University of Mary-
land; www.tva.gov/heritage/hert_history.htm.

Box 15.17	 The Tennessee Valley Authority: economic and social transformation in 
a river basin and beyond
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groundwater replenishment by controlling 
runoff from regular rainfall, thus con-
tributing to the long-term water and food 
security of the city dwellers.

Rapid urban migration creates human 
security challenges. Many cities are ill-
equipped to deal with a rapid influx of 
rural inhabitants, who frequently establish 
informal settlements. Governments adopt 
a variety of strategies to deal with these 
rapidly growing settlements; some invest 
in rural development and infrastructure to 
stem the flow of urban migrants.

Rural development and increased agri-
cultural productivity may help to avoid 
slum formation by reducing migratory 
pressures. Like slum-upgrading initia-
tives, rural development initiatives are 
not entirely outside the domain of water 
managers, since they usually require some 
form of water intervention along with 
measures to increase basic social services 
and safety nets (food security and health 
care).

Crisis recovery. Economic and humani-
tarian crises, often brought about by 
prolonged droughts or other natural dis-
asters, can quickly set back development 
progress. Crisis recovery efforts increas-
ingly aim to build greater resilience to 
avoid future crises. For example, food 
aid programmes can be coupled with 
sustainable livelihoods initiatives and 
environmental rehabilitation. In most 
cases, as in Rwanda’s group resettlement 
programme, crisis recovery and post-
conflict reconstruction efforts involve 
interventions to restore damaged water 
services and infrastructure (box 15.19). 
In this sense they provide an opportu-
nity to build stronger, more sustainable 
and more resilient water systems and to 
integrate risk management and climate 
change into planning.

The Himalaya Mountain range is among 
the richest freshwater locations on Earth; 
the combined basins of nine major Asian 
rivers rise there and are home to some 
1.3 billion people. It is also among the most 
fragile ecosystems, due primarily to the 
mountain system’s propensity to mass-
wasting (movement downslope of soil and 
rock under the force of gravity), seasonal 
monsoon precipitation fraught with ex-
treme events and increasing population 
pressure. Nepal, located in the middle of 
the Himalaya range, has been subject to 
the risks associated with mass-wasting and 
flooding, which account for more than half 
the disaster-related deaths in the country. 
The situation has worsened in recent dec-
ades, with more intense and frequent ex-
treme climate events associated with global 
climate change, such as torrential rains.

The community of Madhumalla in Morang 
District in southeastern Nepal is on the 
bank of the Mawa River, a small river with 
an upper watershed of about 20 square 
kilometres. This 25 kilometre long river has 
an average gradient of 4% in the upper 
reaches and 2% in the lower reaches, and 
its width varies from 200 metres to 700 
metres. As do most rivers originating in 

the southern belt of Nepal, the Mawa 
River experiences unpredictable flooding 
caused mainly by monsoon rains, with 
sudden cloudbursts in the upper water-
shed generating torrents laden with debris, 
boulders and sediments. This causes rapid 
changes in river morphology, with a cycle 
of aggradation and degradation of the 
river bed, undercutting, erosion, overflow-
ing of river banks and shifting of the entire 
river course. The local population is under 
constant threat of being washed away, and 
homes and crops are frequently damaged.

The Madhumalla community, led by 
then-Chairman Kashi Nath Paudyal, 
embarked on a remarkable mission some 
14 years ago to address the threats posed 
by unpredictable and devastating floods. 
To defend against undercutting and 
erosion of the banks and degradation of 
floodplains, the community employed the 
bioengineering technique of planting a 
stratified greenbelt along the river bank 
using native trees, shrubs and grasses in 
conjunction with reinforcing materials. 
Structural measures, such as embank-
ments and spurs made of gabion boxes, 
were used to protect the greenbelt from 
damage during the initial years.

The project was designed and implement-
ed drawing on indigenous knowledge of 
locally available plant varieties and their 
ability to withstand the forces of river 
water and the community’s understand-
ing of the local physical environment 
and river morphology. The project is also 
preparing to sell forestry products from 
the plantation area, which are expected 
to generate hundreds of thousands of dol-
lars annually within a few years – turning 
risks into rewards. The project mobilized 
substantial resources internally in the form 
of cash, labour and material assistance 
and received grants from several national 
and international donors totalling about 
$40,000.

The approach worked as intended and 
has been replicated in several other com-
munities in the region, including nearby 
refugee camps. The project area is cur-
rently a training centre on bioengineering 
technology.

Source: Dinesh L. Shrestha, senior water and 
sanitation officer, United Nations Refugee 
Agency (UNHCR), Geneva, Switzerland, and 
Tako Ganai, consulting engineer, UNHCR, Jhapa, 
Nepal.

Box 15.18	 Nepal: a community-led initiative to mitigate water-induced disasters

Rwanda’s Imidugudu (group settle-
ment) Policy was launched in 1997, 
after the civil war and genocide, to 
resettle returned refugees. By focusing 
on group settlement, the government 
hoped to solve the problem of land 
scarcity and more easily and efficiently 
provide social and economic services.

During the initial phases of resettle-
ment many families had to leave the 
lowlands that provided ready access 
to water for higher areas where access 
to safe water was more difficult. In a 
2002 status update Rwanda’s Ministry 

for Infrastructure noted that while 
22% of Rwandans had adopted the 
group settlement scheme, inadequate 
infrastructure development remained 
a major challenge, particularly access 
to clean water and adequate sanita-
tion. Several supplementary initiatives 
were put in place to respond to this 
challenge, many of them funded by 
foreign assistance, to invest in rural 
water infrastructure and management.

Source: Rwanda Ministry of Infrastructure 
2008; Japan International Cooperation 
Agency 2006.

Box 15.19	 Resettlement in Rwanda
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The creation of 
international 
water institutions 
demonstrates 
that cooperation 
is possible and 
can be successful 
provided the rules 
are transparent 
and consensual

Initiatives designed to address popula-
tion growth, movement and geographic 
distribution alter water use and impose 
changes on the way water is managed. 
Land redistribution policies are currently 
being implemented in several countries. 
Their potentially controversial aspects 
aside, recent evidence has shown that ef-
fective land redistribution (in terms of its 
contribution to poverty reduction) also de-
pends on adequate postsettlement support, 
including infrastructure development.20 In 
Namibia, where most agricultural activity 
consists of livestock farming, many newly 
allocated farms remain underproductive 
due to lack of functioning water delivery 
points.21

Crisis recovery also often includes deal-
ing with returning populations and with 
the movement of internally displaced 
people. As the examples of Rwanda (box 
15.19) and Iraq (box 15.20) show, suc-
cessfully reintegrating returning refugees 
requires an environment that allows 
them to meet their basic needs. Thus, 
returning a region to stability requires 
consideration of ecological services, 
particularly access to safe water and sani-
tation. Identifying win-win situations 
early on in crisis recovery efforts can 
prepare the way for sustainable peace 
and security.

In addition to promoting human security 
at the local level, interregional cooperation 
around shared waters can promote peace-
building and trust among countries, as in 
the cases of the Nile River basin and the 
Senegal River (box 15.21). Although the 
causal pathways between water scarcity 
and conflict are still under debate, there is 
no doubt that international cooperation 
on shared waterways is occurring, even 
where tensions unrelated to water issues 
exist (for example, in Central Asia). The 
creation of international water institutions 
demonstrates that cooperation is pos-
sible and can be successful provided the 
rules are transparent and consensual. Box 
15.22 also demonstrates the importance of 
institutions, including clear dispute resolu-
tion mechanisms, and the need to find 
solutions to water disputes, particularly in 
cases of increasing scarcity.

Tackling risk and uncertainty
Dealing with risk and uncertainty has 
long been a routine challenge for water re-
sources managers and policy-makers across 
sectors and the world. However, issues like 
climate change and demographic dynam-
ics are outside their control and have made 
the risks greater and their task more com-
plex. Risk management is now much more 
important – indeed essential – to analysis 
and decision-making for water.

The Iraqi Mesopotamian Marshlands consti-
tute part of the largest wetland ecosystem 
in the Middle East and Western Eurasia. 
They are a crucial part of intercontinental 
flyways for migratory birds, support endan-
gered species and sustain freshwater fisher-
ies and the marine ecosystem of the Persian 
Gulf. In addition to their ecological impor-
tance, these marshlands have been home 
to indigenous communities for millennia. 
The destruction of the marshlands, and the 
displacement of its indigenous Marsh Arab 
population, is one of the major humanitar-
ian and environmental challenges facing 
Iraq. The competing roles of the marshlands 
as a transboundary water resource and a 
source of petroleum reserves have made the 
future of the marshlands region a priority 
on Iraq’s reconstruction agenda while also 
presenting trade-offs for decision-makers.

Assessments in 2003 and 2004 reported 
that 85,000-100,000 Marsh Arabs reside 
within and near the remaining marshlands, 
with fewer than 10% of them leading 
a traditional subsistence existence. An 
estimated 100,000-200,000 Marsh Arabs 
remain internally displaced, and 100,000 
are thought to be living as refugees outside 

Iraq, primarily in Iran. Other communities 
also reside within the marshlands region.

Following the collapse of the regime 
in mid-2003, local residents opened 
floodgates and breached embankments 
to bring water back into the marshlands. 
Satellite images analysed by the United 
Nations Environment Programme (UNEP) 
in 2003 revealed that some formerly dried-
out areas have been re-inundated, helped 
by wetter than usual climate conditions. 
By April 2004 approximately 20% of the 
original marshland area was re-inundated, 
up from 5%-7% in 2003.

UNEP initiated the Iraqi Mesopotamia 
Marshlands project in 2004 through its 
International Environmental Technology 
Centre in Osaka and Shiga, Japan, with 
funds from the governments of Italy and 
Japan and in cooperation with the Centre 
for the Restoration of Iraqi Marshlands of 
the Ministry of Water Resources. Phase 
III commenced in 2007. The project has 
produced multiple benefits:

Environmentally sound technologies •	
on drinking water and sanitation 

provision and wetland restoration are 
being introduced and implemented, 
drawing on Iraqi expertise.

Some 22,000 people in six pilot •	
communities now have access to 
safe drinking water. Water treatment 
facilities (with a capacity of 750 cubic 
metres a day), 23 kilometres of water 
distribution pipes and 127 common 
distribution taps have been installed. 
Some displaced residents are return-
ing to pilot site areas, partly because 
of the drinking water made available 
through the project. As stability 
returns, possibilities for rebuilding life 
in the marshlands grow.

A sanitation system pilot project •	
has been implemented in the 
Al-Chibayish community. Environ-
mentally sound technology, using 
constructed wetlands, aims to serve 
approximately 170 inhabitants, who 
face health hazards from discharges 
of untreated wastewater to a nearby 
canal.

Source: http://marshlands.unep.or.jp.

Box 15.20	 Rehabilitating the Iraqi Mesopotamian Marshlands for integration and stability
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melt, floods, 
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Climate change. The consequences of global 
climate change are manifested primarily 
through water – in glacial melt, floods, 
droughts and sea level rise. Planners can 
no longer rely on past hydrologic condi-
tions to forecast future risks. Climate 
change increases the risk of failure or 
underperformance of structures and 
institutions. Developing countries are the 
most vulnerable to climate change because 
of their heavy dependence on climate-
sensitive sectors, low capacity to adapt and 
poverty. Current climate variability and 
weather extremes already severely affect 
economic performance in many develop-
ing countries (see figure 5.2 in chapter 5).22

One way to cope with the uncertainty of 
climate change is through management 
measures that are flexible and robust 
under conditions of uncertainty. Such 
adaptive management principles, which 
involve a systematic process for improv-
ing management policies and practices 
by learning from previous strategies, are 
particularly relevant for decision-making 
under climate change.23

As this Report emphasizes throughout, the 
water sector must look beyond its tradi-
tional boundaries for solutions. Similarly, 
actors outside the water sector must be 
aware of links to risks in the water sector. 
For example, because natural disasters are 
often related to water, closer collabora-
tion and coordination are needed between 
disaster risk-reduction agencies and those 
engaged in water resources management. 
Water managers and those outside the 
water sector can all contribute to innova-
tive, integrated solutions. One innovation 
reducing risk is the provision of insurance 
linked to rainfall (box 15.23).

Several broader analytical tools offer 
promise in dealing with risk and uncer-
tainty. Environmental impact assess-
ments have long been used to promote 
a do-no-irreversible-harm approach to 
policy and business decisions. Strate-
gic environmental assessments are also 
emerging as powerful tools to identify 
both potential damages and opportuni-
ties, which could help in identifying 
win-win scenarios. Their effective use 

Created in 1972 by an agreement among the 
three riparian states (Mali, Mauritania and Sen-
egal), the Organization for the Development of 
the Senegal River (OMVS) established the river as 
an international waterway and identified rational 
exploitation and management as a goal. In 2002 
member states adopted a charter on using the 
river that sets out principles and modalities for 
distributing water resources among sectors and 
defines project approval criteria, environmental 
rules and participation modalities for broader 
public engagement.

The OMVS is a key institution through which 
countries agree on future projects (such as dams, 

hydropower and agricultural investments) and 
sectoral priorities. It is known as a water-focused 
institution that promotes collaboration on multi-
ple uses of water and integrated water manage-
ment. The OMVS also has an environmental 
observation arm that tracks the state of the 
resource and its associated ecosystems to ensure 
sustainability. Because of the river’s central role in 
many activities in all three countries, cooperation 
has gradually extended to tripartite discussions 
at the central and local levels in other sectors, 
such as agriculture and enterprises, contributing 
to regional stability and integration.

Source: www.omvs.org.

Box 15.21	 Sustainable water institutions promote regional cooperation 
and stability – the case of the Senegal River

In summer 2002 Texas farmers breathed a sigh 
of relief as the scarce water of the Rio Grande 
(called Rio Bravo in Mexico) began to flow again 
on their side of the border.

Under a 1944 treaty Mexico and the United 
States had agreed to share the waters of the Rio 
Grande and Colorado Rivers. Mexico agreed 
to assign 254,880 cubic metres of water from 
international storage, with the actual amount 
of water to be released from the Amistad and 
Falcon reservoirs determined by a complex ac-
counting of reservoir inflows and water use by 
both countries that would ensure that neither 

country would run dry. But because of drought, 
Mexico had fallen in arrears on its water 
contributions.

A key part of the 2002 deal to resolve this dispute 
was infrastructure modernization, with the goal 
of increasing efficiency in water use. For the first 
time the two governments agreed to share costs 
and benefits by jointly investing in measures for 
water conservation, sustainability and efficiency. 
The agreement endorsed a bilateral financial 
package for water conservation initiatives.

Source: Moore, Rast, and Pulich 2002.

Box 15.22	 Allocation of water from the Rio Grande/Rio Bravo River 
between Mexico and the United States
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depends on adequate enforcement and 
institutional capacity.

Knowledge and technology. Better knowl-
edge about the state of resources and the 
impacts of decisions can also reduce un-
certainty. Sound information on the state 
of water resources is needed not only for 
water planning but also for making policy 
choices in other sectors that are likely to 
affect water services or availability. As seen 
in the case of Ethiopia, information on 
water availability can help in making in-
formed economic decisions (see box 15.6).

Building strong water monitoring net-
works is thus an essential part of water 
governance. In Australia the lead organi-
zation responsible for water monitoring 
relies on information from multiple water 
users, including individuals and corpora-
tions (box 15.24). However, monitoring 
networks are often beyond the reach of 
developing countries because they require 
technical means and financing that are 
unavailable (see chapters 13 and 14).

The principle of ‘decentralized’ collabora-
tion, as applied in Australia, can also be 
found at different scales. For example, the 
United Nations Environment Programme 
Global Environment Monitoring System 

on Water (GEMS/Water), financed by the 
Canadian government, relies on data 
provided by countries and provides capac-
ity development for water monitoring. 
Another example is World Water Monitor-
ing Day™, an international education and 
outreach programme coordinated by the 
Water Environment Federation and the 
International Water Association. World 
Water Monitoring Day™ builds public 
awareness and involvement in protect-
ing water resources around the world 
by engaging citizens to conduct basic 
monitoring of their local water bodies. 
It provides an easy-to-use test kit that 
enables everyone from children to adults 
to sample local water bodies for a core set 
of water quality parameters, including 
temperature, acidity, clarity (turbidity) and 
dissolved oxygen. Results are shared with 
participating communities around the 
globe through the World Water Monitor-
ing Day™ Website.24

Sustaining change: changing 
habits through awareness

The important changes required to face 
the challenges of managing the world’s 
water resources will be determined by 
changes in behaviour. The most profound 
changes in consumption patterns at a 

Reducing climate risk for small farmers 
requires tools that can adjust to climate 
variability and underpin other adaptation 
strategies. Insurance schemes linked to the 
amount of rain (index insurance) provide 
security as well as productivity incentives.

Traditional insurance contracts that insure 
against crop failure have several shortcom-
ings. They can create perverse incentives 
to allow crops to fail to collect the insur-
ance. And they can result in a situation 
where less productive farmers buy insur-
ance, while more productive farmers do 
not. This results in more payouts, leading 
to higher premiums, ultimately making 
this type of insurance too expensive for 
farmers in poor countries.

In one new type of insurance, contracts 
are written against a rainfall index. The 
index depends on an established relation-
ship between lack of rainfall and crop 
failure, ideally verified by long historical 
records of rainfall and yield. If rainfall is 
below an agreed trigger point, farmers 
receive payouts. However, farmers still 
have the incentive to make the best pro-
ductive choices, regardless of whether the 
insurance pays out. Index insurance is also 

cheaper to implement because the insur-
ance company does not need to verify 
damage in the field. That also means that 
when rainfall is low enough to cause crops 
to fail, insurers will pay out to farmers 
within days or weeks. Thus farmers do not 
need to sell assets to survive, which can 
make them dependent on aid long after 
the drought has ended.

With rainfall-indexed insurance farmers 
might take greater risks with potentially 
higher returns, such as investing in fertilizers 
or sustainable land management practices. 
To address the impacts of climate variability 
and change, farmers must be able to take 
advantage of good years. By using index 
insurance to protect against massive losses 
during major droughts, farmers are able to 
put resources into being productive in good 
years instead of being limited by the low 
productivity of rare bad years.

There are also some disadvantages. If 
crops fail for reasons other than drought, 
or if rainfall at a farmer’s field differs from 
that measured at the central rain gauge, 
the farmer receives no compensation. 
Index insurance systems are typically 
developed as a part of a larger risk-

layering strategy in which index insurance 
is applied at the most appropriate point, 
and other tools – such as traditional insur-
ance, government social safety nets and 
reinsurance – complete the package.

In Malawi farmers can now purchase 
index insurance to guarantee loans for 
agricultural inputs that would have oth-
erwise been unavailable because of the 
threat of drought. Thousands of ground-
nut farmers in Malawi have purchased 
a packaged product that bundles index 
insurance with a loan giving them access 
to high-yielding groundnut seeds bred to 
be productive in the local climate. Index 
insurance packages and seed varieties 
can be designed to adapt together as 
risks change. In focus groups on climate 
change farmers in Malawi have volun-
teered that the index insurance is their 
primary mechanism to adapt to the 
changing climate. As climate change 
exacerbates risks, farmers can use the 
improved varieties and index insurance to 
take advantage of new opportunities.

Source: Dan Osgood, International Research 
Institute for Climate and Society (IRI); Molly 
Hellmuth, IRI, Columbia University.

Box 15.23	 Rainfall-related index insurance for farmers
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Because of water’s 
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every aspect of 

development, 
funding for water 
need not compete 

with funding for 
other priorities

collective level are those that occur as the 
cumulative result of individual choices, 
when new patterns of behaviour enter the 
collective culture (see chapter 2).

One approach to changing behaviour is 
to use controls. Public institutions such 
as schools and hospitals can be mandated 
and enabled to provide sanitation and safe 
water, construction can be forbidden in 
fragile areas, and penalties can be imposed 
for the release of certain pollutants into air 
and water. Governments can also encour-
age or promote certain types of behaviour 
through subsidies, taxes and other incen-
tives, such as payment for environmental 
services.

Awareness raising and social marketing 
are other tools for promoting behaviour 
change. Examples of social marketing 
campaigns around water issues can be 
found in almost all countries. In the 
Danube riparian countries educational 
institutions and the private sector cre-
ated a Danube Educational Toolkit, called 
the ‘Danube Box’. Problems and needs in 
several riparian countries were discussed 
and collected in national workshops, from 
which a prototype of a transboundary 
educational kit emerged. At least five Dan-
ube countries (Austria, Germany, Hungary, 
Romania and Serbia) are now promoting 
the Danube Box in various projects and ac-
tivities. These efforts are being organized 
in close cooperation with the ministries 

for environment, water and education, 
along with pedagogical institutes and 
school authorities.

Ensuring sustainable financing

Because of water’s contributions to every 
aspect of development – social, economic, 
political and environmental – funding 
for water need not compete with funding 
for other priorities. However, to realize 
maximum benefit, water’s contributions 
should be recognized in every aspect of 
government and business planning. This 
may entail adopting new forms of costing 
or valuation. But it certainly means ensur-
ing that water managers and stakehold-
ers take part in decisions likely to affect 
water. Thus, this section explores ways to 
integrate water resources management in 
development planning. It also considers 
new ways of mobilizing resources for the 
water sector.

Integrating water resources 
management in development 
planning
Traditional funding mechanisms, in-
cluding national budget allocations and 
development assistance, are likely to 
remain the main source of resources for 
water, environment and poverty reduc-
tion (see chapter 4). Evolution in develop-
ment policies around the world points 
to the need for broader, more integrated 
platforms. Poverty reduction strategies 

The Australian Bureau of Meteorology’s role has 
expanded to transform Australia’s water resources 
information. To secure a long-term water supply 
for all Australians, the government announced 
Water for the Future, a $12.9 billion water invest-
ment programme. The programme includes 
$450 million for the Improving Water Informa-
tion Programme, administered by the Bureau of 
Meteorology and backed by the Commonwealth 
Water Act 2007 and key stakeholders.

The bureau will enhance the quality and utility 
of Australia’s water information by producing a 
national water account, supported by a national 
water monitoring and data collection network. 
The programme includes development and 
maintenance of an integrated, national water 
information system accessible to the public.

Responsibilities of the bureau include:

Issuing national water information •	
standards.

Collecting and publishing water information.•	

Conducting regular national water resources •	
assessments.

Publishing an annual national water •	
account.

Providing regular water availability •	
forecasts.

Advising on matters relating to water •	
information.

Enhancing understanding of Australia’s •	
water resources.

A national system for water information storage, 
analysis and reporting requires an unprecedented 
level of collaboration with stakeholders. Under the 
new arrangements individuals, corporations and 
other organizations that possess, control or man-
age water are required by law to transmit informa-
tion to the bureau for compilation and analysis.

Source: www.bom.gov.au/water/regulations/ 
water-2008.shtml.

Box 15.24	 Getting a complete picture of water resources through user 
contributions – a new role for Australia’s Bureau of Meteorology
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provide a consensual basis for decisions 
on allocating national budgets and aid. 
Reliable information on water (including 
trends in availability and quality) could 
also be integrated into national budgets to 
inform economic objectives and invest-
ment packages that benefit water. As Zam-
bia’s experience shows, integrating water 
considerations in national development 
planning instruments can help leverage 
national and international financing and 
prepare the way for broad-based reforms 
(box 15.25).

International assistance for water provision 
will remain necessary, and some govern-
ments have demonstrated a commitment 
to financing water and sanitation. For 
example, the government of the Autono-
mous Community of the Basque Coun-
try (Spain) recently adopted a resolution 
reiterating its commitment to the Millen-
nium Development Goals and proposing 
to dedicate 5% of its water fees to promote 
the sanitation target.25

International organizations, notably the 
UN system, can provide support and ex-
pertise to governments, help civil society 
build capacity and catalyse leadership in 
the private sector.

Cultivating innovations in financing
Innovative mechanisms are being devised 
in many countries for mobilizing and 
channelling resources to the water sector. 

Public-private partnerships, payments for 
ecosystem services and similar schemes 
are being explored for generating financ-
ing for the water sector. Such schemes also 
offer innovative modalities of cooperation 
at all levels (box 15.26).

Managing the multiple ecosystem services 
of water use to optimize benefits and mini-
mize adverse impacts is another promis-
ing approach. Using urban wastewater 
for agricultural production, for example, 
avoids discharging pollutants directly into 
waterways and safeguards water quality 
for domestic users.26 This role of farm-
ers as environmental stewards should be 
recognized and valued through economic 
incentives from other sectors. This is the 
aim of programmes such as green water 
credits in Kenya (see box 14.24 in chapter 
14). Cross-sectoral incentives can also be 
applied at a broader level, as in Ecuador, 
where the water sector is financed through 
a tax on telecommunications (box 15.27).

*      *      *

Government, the private sector and civic 
organizations – having faced and dealt 
with water issues – provide many examples 
of the way forward. The examples in this 
chapter show how government policy, 
business decisions and civic initiatives 
can benefit water services and achieve 
multiple benefits. They show that sustain-
able development is possible when links 

Zambia still has adequate water resources, 
but declining rainfall patterns and in-
creased water use are causing increased 
water stress. Water is used by households 
and for industrial production, as well as for 
hydropower production, which earns Zam-
bia on average some $10 million a year in 
exports. Agriculture is also a key sector for 
development, depending on water for ir-
rigation, livestock watering and other uses.

During the past 10 years Zambia has 
grown rapidly in response to economic 
and administrative reforms. Increasing 
pressure on water resources for economic 
expansion led the government to under-
take broad water sector reforms. As early 
as 1994 the government introduced the 
National Water Policy, following up with 
reforms of water supply and sanitation and 
then water resources management. The 
reforms were planned through the 2001 
Water Resources Action Programme, which 
included an institutional and legal frame-
work and water resources demand, supply 

and infrastructure components. Reforms 
included a new water policy, legislation 
and a new institution to manage and 
develop water resources.

In the Fifth National Development Plan 
2006-10 the government of Zambia 
expressed concern with ensuring that the 
benefits of a healthier economy reach the 
rural and urban poor. Recognizing the 
importance of water for development, the 
government integrated the water sector 
reforms, including the new integrated 
water resources management plan, and 
the National Development Plan. Linking 
these was seen as fundamental to poverty 
reduction and achieving all the Millennium 
Development Goals.

In formulating the Fifth National Devel-
opment Plan, the government used a 
participatory approach, involving 17 sector 
advisory groups including water and a 
government-led high-level forum to im-
prove sector coordination and advise the 

government on water sector reform, per-
formance, and monitoring and evaluation. 
The forum includes representatives from 
key institutions and stakeholders inside 
and outside the water sector. This process 
secured political support for the integrated 
water resources management plan, which 
was selected as the instrument for imple-
menting the water-related programmes of 
the development plan.

The 1994 water policy had dealt mainly with 
reforms within the sector. The new inte-
grated water resources management policy 
is intent on integrating water management 
throughout all sectors in Zambia. As a result 
of this integration of water and national 
development planning, many donors have 
incorporated water-related investment in 
their assistance packages to Zambia.

Source: Mike Muller, visiting professor, Graduate 
School of Public and Development Manage-
ment, Witwatersrand University, based on 
Nyambe and Feilberg n.d.

Box 15.25	 Zambia’s experiences linking integrated water resources management with national 
development plans
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are forged between water managers and 
decision-makers in other sectors. Because 
water issues are central to every aspect of 
development, actors within and outside 
the water sector need to strengthen their 
collaboration to create and promote ap-
propriate mechanisms for collecting and 

sharing information, financing priority 
investments and building responsive insti-
tutions. The political will to address water 
issues worldwide remains crucial, along 
with a willingness to consider innovative 
ways to approach local, regional and inter-
national cooperation.

The highland forests and paramos (treeless 
plateaus) of the Andes mountain chain 
provide a variety of ecosystem services 
for human and natural communities in 
northern South America. In the centre of 
the Colombian Andes the Chingaza and 
Sumapaz National Parks cover more than 
225,000 hectares of these fragile ecosys-
tems, which contain habitats for a variety 
of threatened flora and fauna and provide 
crucial water for downstream human 
populations. The area is the watershed for 
Bogota, which has more than 7 million 
residents. In recent years the water supply 
has declined considerably due to human 
activities such as agriculture and livestock 
raising, which have led to degradation of 
the high Andes ecosystems. The Bogota 
Water and Sewerage Company (EAAB) 
estimates that water demand will rise sub-
stantially by 2020. Immediate measures 
are necessary to protect the watershed in 
order to meet that anticipated demand.

Recently EAAB, together with the Co-
lombian government and the support of 

Conservation International, implemented 
a pilot project for financing and protect-
ing these critical watersheds. The project 
provides multiple benefits. Conceived to 
provide climate change mitigation benefits 
as well as reliable freshwater supplies, it 
provides clean, renewable energy while 
protecting the watershed and supplying 
funding both to EAAB and the Colombian 
national parks.

EAAB’s Santa Ana small-scale hydroelec-
tric power plant generates electricity 
without the greenhouse gas emissions 
associated with traditional fossil fuel 
plants. The dam is recognized as a Clean 
Development Mechanism project by the 
United Nations Framework Convention 
on Climate Change. It generates about 
23,000 certified emission reduction units 
each year with an approximate value of 
$450,000. EAAB has committed to giv-
ing half this revenue to the Colombian 
Park Service, which uses the resources 
to consolidate and expand Chingaza 
National Park. Increased funds for park 

management will slow deforestation and 
ecosystem degradation, by reducing 
another source of greenhouse gases while 
conserving biodiversity and improving 
water supplies.

In the next phase of the project Con-
servation International and partners are 
supporting an initiative to consolidate a 
regional biological corridor to connect 
Chingaza with Sumapaz National Park, 
the eastern Andean mountain slopes 
and the San Rafael water basin. A variety 
of financing mechanisms will generate 
income based on the water and climate 
mitigation services the area provides. 
Through a large-scale reforestation effort 
on degraded lands in the corridor, the 
project will expand its carbon sequestra-
tion and water provision, providing ben-
efits to other communities that depend on 
the water from threatened high Andean 
ecosystems.

Source: www.conservation.org/explore/regions/
south_america/andes/Pages/andes.aspx.

Box 15.26	 Payments for ecosystem services help curb climate change and conserve biodiversity 
while protecting water resources

Guayaquil, Ecuador’s economic capital, 
is home to 2.4 million people, or a third 
of the national urban population. When 
a concessionaire took over management 
of water services in 2001, water coverage 
lagged far behind the national average: 
only 60% of residents had household 
connections in 2000, compared with the 
national urban average of 81% in 1998. 
The gap was smaller for sewerage, with 
coverage of 56% compared with a nation-
al urban average of 61%. The concession 
is the second largest in Latin America by 
population served after Buenos Aires.1

The concession rapidly expanded access 
to piped water through household con-
nections. Starting with 245,000 connec-
tions in 2000, it installed 160,000 new 

connections in the first five years of opera-
tion – a more than 10% annual increase 
and three times the contractual target of 
55,000. Those gains brought water cover-
age in the city up to 82% in 2005 and 
benefited about 800,000 people, most of 
them living in poor neighbourhoods not 
previously served by the network. Over 
the same period progress in extending 
urban water access at the national level 
stagnated. The concessionaire’s perform-
ance in improving sewer access was more 
modest, rising from 56% to 62%.

The good performance on water access 
was made possible by a special tax trans-
fer mechanism that the central govern-
ment introduced in the 1980s to subsidize 
new water connections. Revenues from a 

10% tax on telephone bills is transferred 
to utilities to support expansion of the 
water network in uncovered urban areas. 
New water connections are provided free 
of charge in urban areas not previously 
covered by the water network (areas 
where most of the population is poor). 
Part of the cost of expanding the network 
is also subsidized. Sewer connections 
were ineligible for these tax transfers and 
subsidies, explaining the more modest 
progress.

Note
Santiago de Chile (5.3 million customers) 1.	
is larger but operated under a divestiture 
scheme (private ownership of infrastructure).

Source: Yepes 2007.

Box 15.27	 A water services concession with public funding in Guayaquil, Ecuador
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Key messages

	 Water and water systems must be managed to achieve social and eco-
nomic development objectives and to sustain development. Water re-
sources, properly managed, are critical to the survival and well-being 
of individuals. They can ensure equity and security in water and sani-
tation for families, businesses and communities. And they can ensure 
adequate water for food, energy and the environment as well as protec-
tion from floods and droughts.

	 Decision-making on water requires seeking synergies and selecting ap-
propriate trade-offs. It also requires distinguishing between short-term 
‘fire-fighting’ – responding to the urgent issues of the day – and long-
term strategic development. Developing multipurpose water schemes 
and reusing water wherever feasible can lessen the need for trade-offs by 
enabling the same volumes of scarce water to deliver multiple outcomes.

	 The donor community can incorporate water into the broader frame-
works of development aid and focus assistance on areas where it is 
needed most – in sub-Saharan Africa, in Asian and Latin American 
slums and in states recovering from conflict. Recent G-8 efforts in this 
direction are promising.

	 The chief executives of the UN agencies, following the example of their 
joint discussions of and collective responses to climate change, can 
convene to examine the role of water, water systems and water manage-
ment in development and environmental services, providing direction 
to agencies and advice to member countries.

	 The World Water Assessment Programme and its partners are working 
to help reduce uncertainty, facilitate decision-making and accelerate 
investment by highlighting the links between socioeconomic develop-
ment and investment in water management capacity and infrastructure 
in other sectors.

	 The challenges are great, but unsustainable management and inequi-
table access to water resources cannot continue. We might not have all 
the information we would like to have before acting, but we do know 
enough now to begin to take significant steps. Actions must include in-
creased investment in water infrastructure and capacity development. 
Leaders in the water domain can inform the processes outside their 
domain and manage water resources to achieve agreed socioeconomic 
objectives and environmental integrity. But leaders in government, the 
private sector and civil society will determine the direction that actions 
take. Recognizing this responsibility, they must act now!
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Good water 
resources 

management can 
transform social 
systems for the 

better and sustain 
development

Making water an integral 
part of all planning and 
management decisions

Good water resources management can 
transform social systems for the better and 
sustain development. It can alleviate the 
anxiety and fear arising from concerns 
about too little water – or too much. It can 
respond to humanity’s concerns for natural 
and social changes and to our growing un-
derstanding of uncertainties, thus helping 
avoid political instability in fragile states. 
Action today is more important than ever – 
for the poor as for those better off.

Meeting the many objectives of water re-
sources management with limited human, 
financial and institutional resources will 
require more integrated and collaborative 
procedures and stronger water manage-
ment institutions and capacity. It will 
require better monitoring, data analysis 
and information products to fill the gaps 
in knowledge of how water is used and 
managed today and over time – and of the 
health of ecosystems that supply it. And it 
will require securing sustainable financing 
to meet the costs of service provision using 
existing infrastructure and to invest in 
essential new infrastructure, both physical 
and institutional.

The challenges are daunting. But they are 
surmountable. Managers and professionals 
in the water sector can work with leaders 
and decision-makers in all sectors to meet 
the challenges. They need to act within a 
framework that:

Ensures accountability and transpar-•	
ency in planning and implementa-
tion, particularly through greater 
stakeholder participation, with the ap-
propriate incentives and disincentives.

Integrates gender-sensitive and equita-•	
ble approaches in water issues.

Provides options for decision-makers •	
outside the ‘water box’, informed by 
clear messages substantiated by sound 
analyses from a water community 
that understands its role in the broad 
development agenda.

Develops solutions that strike a con-•	
vincing balance between objectives 
and alternative means of achieving 
them, through consultation, innova-
tion and research.

Provides data and information to •	
reduce uncertainty.

Secures financing for investment in •	
physical and institutional water infra-
structure, using a variety of financing 
instruments.

Develops capacity to improve the ef-•	
fectiveness and scales of progress.

Recognizes that nature also needs •	
water, to ensure the continuing deliv-
ery of life-supporting environmental 
goods and services.

But leaders in the water sector, acting 
alone, risk being overlooked in broader 
decision-making for social and economic 
development. And leaders outside the 
water sector risk making uninformed and 
suboptimal development decisions. The 
most valuable evolution of integrated 
water resources management could be its 
extension into dialogue and partnerships 
with water-using sectors whose policies 
and strategies are governed by many fac-
tors outside the water sector.

Chapter 14 offers practical examples of so-
lutions within the water domain. Options 
that show promise involve:

Institutional and human capacity de-•	
velopment, to prepare institutions for 
current and future water and related 
challenges.

Water law, both formal and custom-•	
ary, including regulations in other 
sectors that affect water resources 
management.

Consultation with stakeholders •	
and accountability in planning, 
implementation and management 
to build trust, as effective manage-
ment involves pluralistic governance, 
transparency and interactions among 
parties with different interests.

Use of financial options and economic •	
instruments to support the reliability 
and quality of the services provided.

Innovation and research to develop •	
appropriate realistic and sustainable 
solutions.

Payment for environmental services •	
as an incentive for improving water 
management efforts and for support-
ing sustainable ecosystems and water 
security.

Creation by water sector decision-mak-•	
ers of a favourable investment climate 
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As government, 
business and 
community 
leaders respond 
to the needs 
and initiatives 
of water users, 
they should be 
guided by sound 
information about 
the economic and 
environmental 
trade-offs in 
providing these 
services

based on sound water management 
and accountability.

Working through practical 
partnerships
For decades hydrologists and water pro-
fessionals have been writing about and 
advocating for the essential role of water 
resources management in addressing social 
and economic development, pointing to 
the need to balance objectives under finan-
cial, human and institutional constraints. 
But decisions on water development and 
management objectives, and the allocation 
of human, financial and environmental re-
sources to meet them, are made by leaders 
in government, the private sector and civil 
society, not by water professionals alone. 
Therefore, water professionals need to in-
form the decisions of these leaders outside 
the water domain on such issues as spatial 
and development planning, demographic 
planning, health, education, agriculture, 
industry, energy, economic development 
and the environment.

As government, business and community 
leaders respond to the needs and initia-
tives of water users, they should be guided 
by sound information about the economic 
and environmental trade-offs in providing 
these services. The international develop-
ment community can provide guidance 
by collecting evidence on successful and 
failed interventions and introducing this 
information into national planning. Deci-
sion-makers can learn from the examples 
in chapters 14 and 15.

This Report takes as a starting point that 
decisions and actions are most effective 
when implemented at the lowest insti-
tutional level qualified to do so. Where 
individuals are capable of meeting a 
challenge, their efforts should be sup-
ported. Where individual efforts are not 
enough, community members, including 
the professional and business community, 
can come together to meet the challenge, 
often working with local governments. 
To facilitate this possibility, a higher level 
of government may need to step in to 
delegate authority and provide the needed 
technical or financial support.

Other actions may be beyond the capac-
ity of individual communities and local 
governments. Controlling and allocating 
surface water and groundwater on a basin 
and aquifer scale and establishing pollu-
tion control standards require the involve-
ment of the water authority or ministry. 
For national well-being, the president 
or prime minister is the ultimate water 

manager, supported by the cabinet as the 
water management team.

International organizations, especially 
the UN agencies, can provide support for 
the member states, capacity assistance for 
civil society and catalytic guidance for the 
private sector in their efforts to incorpo-
rate water in decision-making processes 
within and outside the water domain. The 
leadership of the UN system and inter-
governmental organizations can provide 
counsel, drawing on their experience 
worldwide. As in the joint discussion and 
collective response on climate change, the 
chief executives of the UN agencies could 
meet on the role of water and water man-
agement in socioeconomic development 
processes, environmental sustainability 
and achievement of the Millennium De-
velopment Goals. Donor governments and 
philanthropic organizations can enter this 
discussion, in ways compatible with their 
mission and objectives.

Municipalities, decentralized bodies and 
local administrations are all engaged 
in delivery service and managing water 
resources. These responsibilities have typi-
cally been decentralized by the central 
governments, but often without transfer-
ring the necessary financial and human 
resources. These local bodies face difficult 
choices in managing water systems, water 
resources and water and sanitation systems 
– on whether to regulate through conces-
sions and contracts with private partners 
and on how to engage with non-govern-
mental organizations. They can inform 
their decisions by drawing on a growing 
base of water management experience 
worldwide. All groups with a stake in water 
resources management can work together 
to craft national development plans for 
water and sanitation, guided by poverty 
reduction and environmental strategies 
and international guidelines.

Obtaining and sharing information
Reducing environmental and social 
risks today and preparing for a future of 
increasing climate variability and cli-
mate extremes require information about 
the availability and variability of water 
resources today and tomorrow and about 
trends in demand. Mechanisms for gather-
ing this information are needed even as 
countries proceed with infrastructure 
construction. Information and tools for 
decision-making under uncertainty will 
help to avoid making decisions for the 
short term that have irreversible harmful 
environmental and social effects over the 
long term.
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Because the 
demands on water 

are many and 
diverse, water 
management 

needs to be guided 
by broader social 

and economic 
development 

objectives that 
clarify expected 

outcomes

Hydrology has moved out of catchments 
and basins. While the volume of water in 
circulation on our planet remains con-
stant, climate change models suggest some 
significant movements in water resources 
and changes in local ecosystems in response 
to human use and misuse. Data on water 
resources – where the water is, where and 
how it flows – are essential for understand-
ing these global changes. Yet the necessary 
data are not being collected. As the need for 
information is increasing, attention to col-
lecting environmental data is waning, even 
though technologies for collecting data, 
democratizing data access and gathering are 
becoming more affordable. We must invest 
in these technologies and in often-neglected 
local data-gathering systems to enhance our 
common understanding of water systems, 
water resources and water management.

Equally important is information about 
how much water is being used, by whom 
and for what purposes, the ability and 
willingness of water users to pay, cost 
recovery rates and the investments needed 
to achieve socioeconomic objectives.

Water synergies, balances and 
trade-offs
Because the demands on water are many 
and diverse, water management needs to 
be guided by broader social and economic 
development objectives that clarify ex-
pected outcomes. ‘Integrated’ development 
plans – such as national development 
strategies, poverty reduction strategies, 
rural development strategies and regional, 
district and city development plans – 
should identify the full set of expected 
outcomes for water managers.

Because drivers, demands and what can 
reasonably be achieved given limited 
resources differ, there will necessarily be 
trade-offs. Where water is abundant, trade-

offs may have little detrimental impact on 
concerned parties or the natural environ-
ment. As water becomes increasingly scarce, 
trade-offs will be harsher, requiring sound 
leadership to guide decision-making.

A key area of decision-making concerns 
economic and environmental trade-offs, 
a highly political process. It is important 
to differentiate between short-term ‘fire-
fighting’ – responding to the urgent issues 
of the day – and strategic development. 
Multipurpose schemes and water reuse can 
reduce the need for trade-offs by enabling 
the same volumes of scarce water to deliver 
multiple outcomes.

In negotiating trade-offs, interest groups 
strive to protect the interests of their mem-
bers. Industry generally lobbies for self-reg-
ulation rather than control. Governments 
are concerned with enforcing laws and 
regulations. Local pressures and interna-
tional regulators sometimes encourage 
price controls, which can have negative as 
well as positive impact, including prevent-
ing harmful price manipulations by specu-
lators. Some international groups advocate 
for global public goods and services. Non-
governmental organizations advocate for 
water as a human right, charging govern-
ments with responsibility for service provi-
sion and users and beneficiaries for use 
that ensures long-term social, economic 
and environmental sustainability.

Choices about water uses
Options depend on social, economic and 
environmental conditions, the availabil-
ity of water over space and time, and the 
threat of droughts and floods, all of which 
vary around the world.

Where water is scarce, the challenge is to 
select the development path that attains 
the best social, economic and environ-
mental outcomes. Such decisions shift 
the trade-offs away from water resources 
alone to broader concerns of environmen-
tal, economic and social benefits. Mak-
ing decisions about water in this context 
can sometimes introduce inefficiencies in 
other development activities. For example, 
importing food rather than producing it 
domestically may permit water to be used 
for higher value outputs, but many farm-
ers will then need to find other ways to 
earn a living.

Scales of space and time
Actions are constrained by the time hori-
zon for which they are planned (box 16.1). 
Politicians and water managers can find 
long-term planning difficult, because the 

Planning and response timescales may 
be categorized as follows:

Responses to crises (such as •	
droughts, floods, civil strife) (1-2 
years).

Human resources changes (2-3 years).•	

Political horizons (3-5 years).•	

Small infrastructure horizons (3-5 •	
years).

Outcomes horizons (5-8 years).•	

Behavioural change horizons (10 •	
years).

Large infrastructure horizons (10-20 •	
years).

Development horizons (15- 20 •	
years).

Long-term capacity and intra•	
generational equity horizons (25+ 
years and beyond, depending on 
the level of the plan).

Source: Authors’ compilation.

Box 16.1	 Timescales for long-term planning
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Developed 
countries and 
developing 
countries must 
work together 
to identify 
socioeconomic 
priorities and to 
invest in and use 
water to power the 
engines of growth

plans and objectives often exceed the time 
horizon of their tenure. Overcoming this 
requires frameworks and incentives that 
support long-term planning.

Status of economic development
The stage of economic development and 
the financial and human resources avail-
able affect which water management 
options are feasible. For example, when 
financial resources are limited, choices may 
have to be made on allocating funds to 
sectors with the highest economic rate of 
return or to those that provide basic serv-
ices. Lack of resources may require finances 
from sources outside the budget and using 
resources from outside the country.

High-income countries are experiencing 
water management problems that are very 
different from those of poor countries. 
While high-income countries can afford 
to pay more attention to the environment 
and to long-term water system sustain-
ability, developing countries prioritize 
eliminating poverty and raising the over-
all level of health and well-being, some-
times at the expense of environmental 
sustainability.

The challenge is to build a new dialogue 
between developed countries and develop-
ing countries on water management and 
its role in sustainable development. Devel-
oped countries and developing countries 
must work together to identify socioeco-
nomic priorities and to invest in and use 
water to power the engines of growth. 
They must break cycles of poverty while 
avoiding the harmful environmental and 
health consequences of unbridled devel-
opment experienced in many developed 
countries. Cooperation between developed 
countries and developing countries can 
build mitigation, adaptation, avoidance 
and no-regret measures into decision-mak-
ing, to avoid incurring the costs of neglect-
ed environmental management later.

Working towards better 
development outcomes

A nation’s water resources are used and 
managed most effectively when they are 
linked to broader development objectives. 
What are the objectives, for example, 
for feeding the population, for provid-
ing power for industry, commerce and 
households, for job creation and incomes, 
and for child education and health? What 
are the relations between these objec-
tives, and water and water systems? How 
should water be managed to achieve these 
objectives?

To incorporate these and other water 
considerations, countries need strate-
gic policies and plans. Such plans must 
incorporate continuity despite changes in 
personnel and avoid loss of direction when 
administrations change or key individuals 
leave. Development partners can consult 
these plans to stay informed of govern-
ment intentions and to direct water-related 
investments into actions responsive to the 
country’s needs.

Actions in a world of change, risk 
and uncertainty
Risk and uncertainty are part of deci-
sion-making. What level of protection 
is affordable (complex dams or simple 
refuges)? What are the trade-offs between 
investments that provide direct benefit 
(hospitals, schools) and those that protect 
against possible extreme events (flood 
protection)? How much should be invested 
in research where the stakes are high, but 
the results uncertain? Perception of risk is 
not fixed but is coloured by socioeconomic 
conditions, culture and religion, as well as 
environmental realities.

Risk management encompasses more than 
managing extremes such as floods and 
droughts. It entails the use of a structured 
approach to manage uncertainty regard-
ing these events. Decision-makers must 
take into account multiple uncertainties, 
including those associated with limited or 
low-quality data and information and the 
inherent unpredictability of climate and 
other environmental factors. A promising 
approach for dealing with climate risk is to 
integrate management of current climate 
variability and extremes with adaptation 
to climate change.

The world faces major choices in meeting 
the challenge of climate change and its po-
tential environmental and socioeconomic 
impacts. Public policy, so far dominated 
by mitigation, could benefit from a better 
balance between mitigation and adapta-
tion. Carbon is a measure of the anthropo-
genic causes of climate change – water is a 
measure of its impacts. The international 
community also has to balance investing 
for tomorrow’s likely problems of greater 
climate variability and global warming 
against investing for today’s problems of 
climate variability to prevent losses from 
droughts and floods. While both are vital, 
focusing on today’s problems can also 
create greater resilience for dealing with 
tomorrow’s problems.

Because of uncertainty, decisions on cur-
rent problems should leave the way open 



296� World Water Development Report 3

PART

Chapter 16�T he way forward4
PART

Informed 
decisions – based 

on expected 
results and the 

consequences of 
failing to act – are 

needed now

for future options. No-regrets strategies 
– actions that would significantly reduce 
the adverse impacts of change but would 
not cause harm if projections of impacts 
of change are wrong – are important in 
responding to climate change. In contrast, 
failure to act carries risks because the situ-
ation may deteriorate if no action is taken.

The World Water Assessment Programme 
and its partners are working to reduce 
uncertainty, facilitate decision-making 
and accelerate investment by identifying 
the links between socioeconomic devel-
opment, environmental sustainability, 
water management capacity and invest-
ments in water-related infrastructure and 
other sectors. Work has begun, in concert 
with UN-Water, to identify indicators and 
supporting databases to guide decisions 
on water policies and actions by leaders 
inside and outside the water sector. It will 
expand the information base on options 
tested in many contexts. The World Water 
Assessment Programme is also working on 
scenarios linking external drivers to the 
water sector that could be applied globally, 
regionally and nationally. The next United 
Nations World Water Development Report 
will include the fruits of that work, along 
with additional examples of how challeng-
es are being addressed on the ground.

Targeting official development 
assistance and philanthropic aid
For members of the international commu-
nity there are choices between pursuing 
their traditional regional financial and 
political interests and focusing on areas 
where aid of all types is needed most. The 
greatest gaps in access to such water-relat-
ed services as drinking water supply and 
sanitation are in sub-Saharan Africa, Asian 
and Latin American slums and countries 
recovering from conflict. Inefficient water 
use in agricultural production also is a 
continuing problem in many countries 
around the world, both developed and 
developing.

The 2008 World Economic Forum in 
Davos led to calls for policies to encourage 
a minimum water impact alongside a min-
imum carbon footprint; the 2009 forum 
included appeals to fight water scarcity. 
At the 2009 G-8 meeting in Italy the G-8 
leaders are scheduled to review the 2003 
G-8 Evian Water Action Plan and discuss 
strategies with their African partners for 
enhancing its implementation.

Against a background of political and 
strategic alignments, the international 
community must look for ways to sup-
port the construction of the infrastructure 
required to provide a range of direct and 
indirect services provided by water sys-
tems, including water supply and sanita-
tion, production of food and energy and 
adaptation and mitigation of climate 
variability. National and local governments 
can optimize their investments by identi-
fying actions that will produce the greatest 
socioeconomic and environmental ben-
efits. Supporting countries already on track 
to achieve the Millennium Development 
Goals at the expense of countries lagging 
behind can only entrench global divisions. 
sub-Saharan Africa in particular suffers 
from lack of development of its water re-
sources infrastructure for multiple uses.

Deciding – and acting!

Informed decisions – based on expected 
results and the consequences of failing to 
act – are needed now. Lagging investment 
in water leaves hundreds of millions of 
people exposed to the risks of environ-
mental degradation and water-related dis-
asters and susceptible to political unrest. 
Billions of the world’s people suffer from 
water-related diseases and hunger. Acting 
to reduce such exposure can improve their 
health and well-being and provide access 
to healthcare for millions more. Coun-
try examples indicate that proper water 
management could increase gross domes-
tic product by 5% to 14% – an impact that 
may be unachievable through any other 
intervention.

The challenges are great, but the unsus-
tainable management and inequitable 
access to water resources cannot continue 
– because the risks of inaction are even 
greater. We might not have all the infor-
mation we would like to have before act-
ing, but we know enough to begin to take 
significant actions. Some leaders are al-
ready acting, showing the way. Others are 
ready to act. Leaders inside and outside the 
water domain have critical, complementa-
ry roles. Leaders in the water domain can 
inform the processes outside this domain 
and manage water resources to achieve 
agreed socioeconomic and environmental 
objectives. But leaders in government, the 
private sector and civil society determine 
the direction that actions will take. Recog-
nizing this, they must act now!
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and can lead to conflict. The Mekong River 
basin has been an exception, with concerns 
around water arising only recently. Partly 
because of conflicts unrelated to water the 
river has long-remained undisturbed, but 
dam development to meet the growing 
need for energy in most of the riparian 
countries is putting other downstream uses 
at risk – particularly fisheries (box 9.4).

Despite competing demands and conflict, 
however, there is little historic evidence 
that water itself has led to international 
warfare or that a war over water would 
make strategic, hydrographic or economic 
sense.6 At the international level water ap-
pears to provide reasons for transboundary 
cooperation rather than war, often pre-
venting instead of causing escalation.7 

Many multilateral treaties on freshwater re-
sources have stressed multiple objectives – 
economic development, joint management 
and water quality – rather than just water 
quantity and hydropower (see appendix 
2).8 The way Mexico and the United States 
resolved their dispute over the allocation 
of water from the Rio Grande River, which 
included a cost-sharing arrangement for 
water conservation measures, offers inter-
esting lessons for the peaceful resolution 
of water disputes (see box 15.22 in chapter 

15). A recent shift in emphasis from water 
sharing to benefit sharing promises greater 
transboundary cooperation.

Managing competition 
through supply and demand 
management and reallocation

There are many shortcomings in how water 
is managed today in a context of increased 
scarcity: low efficiency, environmental deg-
radation, and inequity. Despite some im-
provements competition is increasing and 
water use efficiency remains low in most 
sectors. But the answer is not just more 
efficient allocation mechanisms and more 
emphasis on greater yields and productiv-
ity, because these alone may lead to further 
losses in equity and environmental sustain-
ability. Rather, a combination of supply and 
demand management measures is needed.

Three common responses to 
competition
The responses to increased competition for 
water are supply augmentation, conserva-
tion and reallocation (figure 9.2). The most 
conventional response is to develop new 
resources. For the state this typically means 
building new reservoirs or desalination 
plants or interbasin transfer. For users this 
means more wells or farm ponds or gating 
drains to store water. Conserving water 
includes increasing the efficiency of use 
by reducing losses. Changes in allocation, 
to ease competition or to maximize water 
use, are based on economic, social, envi-
ronmental or other criteria. Augmentation 
is a supply management strategy, while 
conservation and reallocation are demand 
management strategies, roughly defined as 
‘doing better with what we have’.9

Supply augmentation is typically con-
strained by the availability of storage sites, 
the social and environmental costs and the 
rising financial cost of water. With needs 
outstripping available stocks in many ba-
sins, transfers between basins have become 
more frequent. Amman, Athens, Bangkok, 
Kathmandu, Los Angeles and Mexico City 
are procuring water further afield. The 
massive transfer of water now under way 
in China (from the Yangtze River to the 
Yellow River) is being emulated in Brazil, 
India, Jordan and Thailand. While this 
trend is likely to continue, its potential will 
gradually be exhausted and its costs will 
spiral upwards. Other small-scale options, 
such as farm ponds in Asia or wells, have 
also been widely developed. Desalination 
is an option in specific locations (islands 
and coastal cities), but its cost is likely to 
remain high (though it is declining) and its 
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Even as we pay more attention to the 
current state, uses and impacts of water 
resources and identify the challenges that 
the global community faces in managing 
them, the flow of information to sup-
port this work is drying up rather than 
growing.

The first edition of The United Nations 
World Water Development Report, published 
in 2003, included an extensive compila-
tion of information, drawn from multiple 
sources, documenting the state of water, 
the resource and its uses. Many agen-
cies and individuals opened their formal 
and informal archives to share informa-
tion from their knowledge bases. These 
enthusiastic contributions established an 
important baseline from which to move 
forward.

In all, more than 160 indicators were re-
ported on, ranging from the global quan-
tum of water available and withdrawals 
for human use to compliance with water 
quality standards for key pollutants and 
governance mechanisms to support water 
management.

The first report also explicitly recognized 
the need for further work, notably in col-
lecting biogeophysical and socioeconomic 
data as well as data on environmental 
protection and investment in water. It 
highlighted the danger of data availability 
driving the selection of indicators, which 
results in a ‘data-rich, but information-
poor’ syndrome, in which plenty of data 
are produced but they are not tailored to 
information needs 

The second edition of The United Nations 
World Water Development Report discussed 
the consequences of poor data availability:  

Data on almost every subject 
related to water issues is usually 
lacking, unreliable, incomplete 
or inconsistent. We have learned 
that merely collecting data is not 
enough. It must be brought to-
gether, analysed and converted into 
information and knowledge, then 
shared widely within and between 
countries and stakeholders to focus 
attention on water problems at all 
scales. It is only when the data has 
been collected and analysed that 
we can properly understand the 
many systems that affect water 
(hydrological, socio-economic, 
financial, institutional and political 
alike), which have to be factored 
into water governance. 

The number of indicators presented in the 
second edition of the report declined to 62 
because there was no systematic process 
for updating the data used for most of the 
indicators presented in the first report. 
Water supply and sanitation has been an 
exception: the World Health Organization 
and United Nations Children’s Fund Joint 
Monitoring Programme has systematically 
addressed the challenge, investing to en-
sure a regular flow of updated information 
on this subsector.

Three years later the production team for 
the third United Nations World Water Devel-
opment Report is in a similar situation to its 
predecessors. During preparations for the 
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report, a survey of data providers suggested 
that new data would be available for only 
some of the indicators used in the second 
report. At press time 30 indicators had 
been updated. Because some indicators 
included in the second report were identi-
fied as not useful by the source agency, 58 
indicators are now listed in table A1.1. The 
profile sheets describing these indicators 
are available on the World Water Assess-
ment Programme Website (www.unesco.
org/water/wwap/). 

While the indicators on the water resources 
situation in the first United Nations World 
Water Development Report provided policy-
makers at the national, regional and global 
levels with a critical overview of the situa-
tion, insight into the trends of key indica-
tors is vital in a rapidly changing world.

In most cases it has not proved possible 
to provide this insight. No new global 
estimates of available water resources or of 
volume abstracted by major sectoral users 
are available. So while this third edition of 
the report again contains much important 
information, it remains impossible to pro-
vide information on the evolution of key 
indicators. (One notable exception is a new 
indicator, Status of progression on Agenda 
21, which has been updated and included 
in this report.)

Several actions are planned to address this 
gap: UN-Water has created the Task Force 
on Indicators, Monitoring and Report-
ing to address the challenge of producing 
key global indicators of the state of water 
resources to meet the needs of policy- and 
decision-makers at all levels. And the 
World Water Assessment Programme has 
established the Expert Group on Indi-
cators, Monitoring and Data/Metadata 
Bases to support this work, specifically by 
promoting a dialogue between indicator 
users and data providers/interpreters about 
the feasibility of providing data for the 
key indicators on a sustainable, ongoing 
basis. The expert group will also propose 
strategies to improve data collection and 
interpretation.  

It is hoped that the next United Nations 
World Water Development Report will be 
able to report some substantive progress 
and answer key questions about whether 
and how changing water resources en-
dowments affect countries and regions, 
whether the efficiency of water use for 
national socioeconomic development is 
improving and whether degradation of the 
water environment has been slowed. At 
the very least, it should be able to report 
on steps taken to improve the flow of data 
and information needed to establish and 
monitor key trends. 

Table A1.1	 List of United Nations World Water Development Report indicators and location 
of detailed data

Topic Indicator

Category in 
cause-effect 
approacha

Type of 
indicatorb

Locationc

In World Water 
Development 
Report 2

In World Water 
Development 
Report 3

Level of 
stress on the 
resource

Index of non-sustainable water use Driving force, 
Pressure, state

Key Section 1 na

Rural and urban population Pressure, state Basic Section 1 Map 2.1
Figure 2.1

Relative Water Stress Index Pressure, state Key Section 2 na

Sources of contemporary nitrogen loading Pressure, state Key Section 3 na

Domestic and industrial water use Pressure, state Basic Section 3 Table 7.1
Figure 7.1

Impact of sediment trapping by large dams 
and reservoirs

Pressure Key Section 4 na

Coefficient of variation for the Climate 
Moisture Index

State Key Section 4 na

Water Reuse Index Pressure, state Key Section 4 Figure 8.6

Governance

Access to information, participation and 
justice

Response Developing Table 2.2
Table 2.3

na

Assessing progress towards achieving the 
integrated water resources management 
target

Response Key Table 2.1 na

(continued)
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Topic Indicator

Category in 
cause-effect 
approacha

Type of 
indicatorb

Locationc

In World Water 
Development 
Report 2

In World Water 
Development 
Report 3

Settlements

Index of performance of water utilities State Developing na na

Urban water and sanitation governance index State Developing na na

Slum profile in human settlements Pressure Developing na na

State of the 
resource

Total actual renewable water resources State Key Table 4.3 *

Precipitation Driving force Basic Table 4.3 Table 10.1
Map 11.1
**

Total actual renewable water resources 
per capita

State Developing Table 4.3 **

Surface water as share of total actual 
renewable water resources

State Developing Table 4.3 na

Overlap as share of total actual renewable 
water resources

State Developing Table 4.3 na

Inflow from other countries as share of 
total actual renewable water resourcesd

State Developing Table 4.3 **

Outflow to other countries as share of 
total actual renewable water resources

State Developing Table 4.3 na

Total use as share of total actual renewable 
water resourcese

State Developing Table 4.3 **

Groundwater development as share of total 
actual renewable water resources

State Key Table 4.3 na

Ecosystems

Fragmentation and flow regulation of rivers State, impact Key Map 5.3
Figure 5.4

Figure 8.2

Dissolved nitrogen (nitrates + nitrogen 
dioxide)

State Key Map 5.2 *

Trends in freshwater habitat protection State, response Key Fig. 5.7 na

Freshwater species population trends index State Key Fig. 5.2 Figure 8.1

Health

Disability-adjusted life year Impact Key Table 6.3 Table 6.3

Prevalence of stunting among children under 
age 5

Impact Developing na Map 6.2

Mortality rate of children under age 5 Impact Developing Table 6.2 *

Access to safe drinking water Impact Key Map 6.1 Figure 7.3

Access to basic sanitation Impact Key Map 6.2 Figure 7.4

Food, 
agriculture 
and rural 
livelihoods

Percentage of undernourished people State Key Map 7.2
Figure 7.10
Figure 7.11

*

Percentage of poor people living in rural 
areas

State Key na *

Agriculture GDP as share of total GDP State Key na *

Irrigated land as a percentage of cultivated 
land

Pressure, state Key Map 7.1 Map 7.5

Agriculture water withdrawals as share of 
total water withdrawals

Pressure Key na Table 7.1

Extent of land salinized by irrigation State Key na na

Groundwater use as share of total irrigation Pressure, state Key na Figure 7.1

(continued)

Table A1.1	 List of United Nations World Water Development Report indicators and location 
of detailed data (continued)
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Topic Indicator

Category in 
cause-effect 
approacha

Type of 
indicatorb

Locationc

In World Water 
Development 
Report 2

In World Water 
Development 
Report 3

Industry 
and energy

Trends in industrial water use Pressure Key Figure 8.1 na

Water use by major sector State Key Figure 8.3 Table 7.1
Figure 7.1

Organic pollution emissions (biochemical 
oxygen demand) by industrial sector

Impact Key Figure 8.4 *

Industrial water productivity Response Key Table 8.4 Figure 7.8

Trends in ISO 14001 certification Response Key Table 8.2 Figure 8.7

Electricity generation by energy source State Key Figure 9.1 Figure 7.11

Total primary energy supply by source State Key Figure 9.2 *

Carbon intensity of electricity generation Impact Key Table 9.4 na

Volume of desalinated water produced Response Key Table 9.1 Box 9.5

Access to electricity and water for domestic 
use

Pressure Key Table 9.5 *

Capability for hydropower generation State Key Table 9.6 Map 7.6
*

Risk 
assessment

Disaster Risk Index State Key Box 10.4 na

Risk and policy assessment indicator Response Key Figure 10.7 na

Climate Vulnerability Index State Key Map 10.3 na

Valuing and 
charging for 
the resource

Water sector share in total public spending Response Developing na na

Ratio of actual to desired level of public 
investment in drinking water supply

Response Developing na na

Ratio of actual to desired level of public 
investment in basic sanitationf

Response Developing na na

Rate of cost recoveryg Driving force, 
response

Developing na na

Water charges as percentage of household 
incomeh

Driving force, 
response

Developing Figure 12.5 na

Knowledge 
base and 
capacity

Knowledge Index State Developing Map 13.2 *

na designates that the indicator is not used in the report, although for many of these indicators updated information is provided online (see table note).

Note: An Indicator profile sheet with a detailed definition and explanation of how the indicator is computed (as well as data tables for some indicators) 
is available for most indicators at www.unesco.org/water/wwap/wwdr/wwdr3/indicators. Exceptions are subindicators for ‘Total actual renewable water 
resources’.

*See table accompanying the online Indicator profile sheet.
**See table accompanying the online Indicator profile sheet for Total actual renewable resources.

a. The categories are based on the DPSIR (driving forces, pressures, state, impact, response) framework. For details, see www.unesco.org/water/wwap/wwdr/
wwdr1/pdf/chap3.pdf and www.unesco.org/water/wwap/wwdr/wwdr2/pdf/wwdr2_ch_1.pdf (pp. 33-38).
b. Basic indicators provide fundamental information and are well established and widely used; data are generally widely available for all countries. Key 
indicators are well defined and validated, have global coverage and are linked directly to policy goals. Developing indicators are in a formative stage and may 
evolve into key indicators following refinement of methodological issues or data development and testing.
c. Because of updates to data and sources, data may not match across reports.
d. Now called ‘Dependency ratio’.
e. Now called ‘Millennium Development Goal water indicator’.
f. Proposed for United Nations World Water Development Report 3.
g. Now called ‘Rate of operation and maintenance cost recovery for water supply and sanitation’.
h. Now called ‘Water and sanitation charges as percentage of various household income groups’.

Source: Compiled by Engin Koncagül and Akif Altundaş.

Table A1.1	 List of United Nations World Water Development Report indicators and location 
of detailed data (continued)
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Table A2.1	 Water-related goals and objectives of major conferences and forums, 1972-present

International forum Agreed goals and objectives

UN Conference on the 
Human Environment, 
Stockholm, Sweden, 1972

The main issues of the conference were preservation and enhancement of the human environment.•	

The declaration of the conference acknowledged that ‘a point has been reached in history when •	
we must shape our actions throughout the world with a more prudent care for their environmental 
consequences.’

UN Conference on 
Water, Mar del Plata, 
Argentina, 1977

The main objective of this first global-scale conference on water was to promote greater awareness •	
nationally and internationally of global problems related to water and to assess water resources and 
water use efficiency through an integrated approach to water resources management.

Led to declaring the 1980s International Drinking Water Supply and Sanitation Decade, with the •	
objective of providing drinking water and sanitation for all people by 1990.

International 
Drinking Water 
Supply and Sanitation 
Decade, 1981-90

‘The goal of the Decade was that, by the end of 1990, all people should possess an adequate water 
supply and satisfactory means of excreta and sullage disposal. This was indeed an ambitious target as 
it has been estimated that it would have involved the provision of water and sanitation services to over 
650,000 people per day for the entire ten year period. Although major efforts were made by government 
and international organisations to meet this target, it was not achieved.’ (C. Choguill, R. Francys and A. 
Cotton, 1993, Planning for Water and Sanitation)

Global Consultation 
on Safe Water and 
Sanitation for the 1990s, 
New Delhi, India, 1990

The main issues were safe drinking water and environmental sanitation.•	

The New Delhi Statement declared: ‘Safe water and proper means of waste disposal . . . must be •	
at the center of integrated water resources management.’ (Environment and health, New Delhi 
Statement)

World Summit for 
Children, New York, 
United States, 1990

The main issues were health and food supply.•	

The World Declaration on the Survival, Protection and Development of Children stated: ‘We will •	
promote the provision of clean water in all communities for all their children, as well as universal 
access to sanitation.’

International Decade 
for Natural Disaster 
Reduction, 1990-2000

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

International 
Conference on Water 
and Environment, 
Dublin, Ireland, 1992

The most important achievement was the development of the Dublin Principles:

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

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

Women play a central part in providing, managing and safeguarding water.•	
Water has an economic value in all its competing uses and should be recognized as an economic good.

(continued)
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International forum Agreed goals and objectives

UN Conference on 
Environment and 
Development , Rio de 
Janeiro, Brazil, 1992

Agenda 21, chapter 18, ‘Protection of the quality and supply of freshwater resources: application of 
integrated approaches to the development, management and use of water resources’, dealt with the basis 
for action, objectives and activities concerning:

Integrated water resources development and management.•	

Water resources assessment.•	

Protection of water resources, water quality and aquatic ecosystems.•	

Drinking water supply and sanitation.•	

Water and sustainable urban development.•	

Water for sustainable food production and rural development.•	

Impacts of climate change on water resources.•	

Ministerial Conference on 
Drinking Water Supply 
and Environmental 
Sanitation, Noordwijk, 
The Netherlands, 1994

The main issues were drinking water supply and sanitation.•	

The Programme of Action identified ‘assign[ing] high priority to programmes designed to provide •	
basic sanitation and excreta disposal systems to urban and rural areas.’

UN International 
Conference on Population 
and Development, 
Cairo, Egypt, 1994

The Programme of Action highlighted ‘ensur[ing] that population, environmental and poverty •	
eradication factors are integrated in sustainable development policies, plans and programmes.’ 
(Chapter III – Interrelationships between population, sustained economic growth and sustainable 
development)

World Summit for 
Social Development, 
Copenhagen, 
Denmark, 1995

The main issues were poverty reduction, water supply and sanitation.•	

The outcome was the Copenhagen Declaration on Social Development.•	

UN Fourth World 
Conference on Women, 
Beijing, People’s Republic 
of China, 1995

The main issues were gender, water supply and sanitation.•	

The outcome was the Beijing Declaration and Platform for Action.•	

Second UN Conference 
on Human Settlements 
(Habitat II), Istanbul, 
Turkey, 1996

The main issues were sustainable human settlements development in an urbanizing world.•	

The outcome was the Habitat Agenda.•	

World Food Summit, 
Rome, Italy, 1996

The main issues were food, health, water and sanitation.•	

The outcome was the Rome Declaration on World Food Security.•	

1st World Water Forum, 
Marrakech, Morocco, 1997

The main issues were water and sanitation, management of shared waters, preserving ecosystems, 
gender equity and efficient use of water ‘to recognize the basic human needs to have access to clean 
water and sanitation, to establish an effective mechanism for management of shared waters, to support 
and preserve ecosystems, to encourage the efficient use of water.’ (Marrakech Declaration)

International Conference 
on Water and Sustainable 
Development, Paris, 
France, 1998

The outcome was the Paris Declaration on Water and Sustainable Development, whose objective was ‘to 
improve co-ordination between UN Agencies and Programmes and other international organizations, 
to ensure periodic consideration within the UN system. [To] emphasize the need for continuous political 
commitment and broad-based public support to ensure the achievement of sustainable development, 
management and protection, and equitable use of freshwater resources, and the importance of civil 
society to support this commitment.’ (Paris Declaration)

Millennium Declaration, 
New York, United 
States, 2000

The Millennium Development Goals include the following water-related targets:

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

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

(continued)
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International forum Agreed goals and objectives

2nd World Water 
Forum, The Hague, The 
Netherlands, 2000

The Ministerial Declaration identified the following main challenges:

Meeting basic needs – access to safe and sufficient water and sanitation.•	

Securing the food supply, particularly of the poor and vulnerable.•	

Protecting ecosystems – ensure the integrity of ecosystems through sustainable water resources •	
management.ASharing water resources, by peaceful cooperation between water users at all levels.

Managing risks from floods, droughts, pollution and other water hazards.•	

Valuing water – managing water to reflect its economic, social, environmental and cultural values.•	

Governing water wisely, including involving the public and the interests of all stakeholders.•	

International Conference 
on Freshwater, Bonn, 
Germany, 2001

The main issues were governance, finance mobilization, capacity building and knowledge sharing.•	

Identified water as key to sustainable development.•	

The outcome was the Ministerial Declaration Recommendations for Action: ‘Combating poverty is •	
the main challenge for achieving equitable and sustainable development, and water plays a vital 
role in relation to human health, livelihood, economic growth as well as sustaining ecosystems. . . . 
The conference recommends priority actions under the following three headings: governance, 
mobilising financial resources, capacity building and sharing knowledge.’ (Ministerial Declaration 
Recommendations for Action)

World Summit on 
Sustainable Development, 
Johannesburg, South 
Africa, 2002

The summit dealt with the following freshwater-related issues:

Decentralization of governance.•	

Community empowerment.•	

Service provision: rural and urban challenges.•	

Information management.•	

Integrated water resources management.•	

Education and awareness.•	

Financial and economic mechanisms.•	

Regional challenges were particularly recognized and identified.•	

3rd World Water Forum, 
Kyoto, Japan, 2003

The outcomes included:

A water and climate dialogue, including agreed action points.•	

A water and poverty dialogue, including agreed action points.•	

A final report on financing water infrastructure.•	

Outcomes from the Dialogue on Food, Water and Environment.•	

A detailed document on Water Actions.•	

G-8 Evian Summit, 
Evian, France, 2003

One outcome was a G-8 Action Plan on Water:

Promoting good governance.•	

Using all financial resources.•	

Building infrastructure by empowering local authorities and communities.•	

Strengthening monitoring, assessment and research.•	

Reinforcing engagement of international organizations.•	

Water for Life 
Decade, 2005-15

Launched by the United Nations System, the aim is to promote efforts to fulfil international commitments 
made on water and water-related issues by 2015, with special emphasis on the involvement and 
participation of women.

The World Conference on 
Disaster Reduction, Kobe 
(Hyogo), Japan, 2005

Adopted the ‘Hyogo Framework for Action 2005-2015: Building the Resilience of Nations and 
Communities to Disasters’, recognizing the importance of water-related disaster risk reduction.

(continued)
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International forum Agreed goals and objectives

4th World Water Forum, 
Mexico City, Mexico, 2006

The ministers at the forum reaffirmed commitments made at the UN Conference on Environment 
and Development, World Summit on Sustainable Development, and the Commission on Sustainable 
Development during 2005, emphasizing:

Expediting implementation in water, sanitation and human settlements.•	

Enhancing the sustainability of ecosystems.•	

Applying innovative practices such as rainwater management and development of hydropower •	
projects in some regions.

Involving relevant stakeholders, particularly women and youth, in planning and management.•	

They also expressed support for relevant UN water-related activities, including the coordinating role •	
of UN-Water.

5th World Water Forum, 
Istanbul, Turkey, 2009

The theme is Bridging Divides for Water.

Source: www.un.org/esa/sustdev and www.worldwatercouncil.org.

Table A2.1	 Water-related goals and objectives of major conferences and forums, 1972-present (continued)
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Abbreviations

ANA	 National Water Agency (of Brazil)

AQUAREC	 Integrated Concepts for Reuse of Upgraded Wastewater

AQUASTAT	 FAO database on water and agriculture

BAPE	 Bureau d’audiences publiques sur l’environnment (Office for Public Hear-
ings on the Environment, Québec, Canada)

BOD	 Biochemical oxygen demand

CALM	 Circumpolar Active Layer Monitoring observational network

CNA	 National Water Commission of Mexico (Comisión Nacional del Agua)

DOC	 Dissolved organic carbon

EAAB	 Water and Sewerage of Bogotá (Empresa de Acueducto y Alcantarillado de 
Bogotá)

EIONET	 European Environment Information and Observation Network

FAO	 Food and Agriculture Organization of the United Nations

FRIEND	 Flow Regime from International Experimental Data

GAP	 Southeastern Anatolia Project (Güneydoğu Anadolu Projesi)

GCM	 General circulation model

GDP	 Gross domestic product

GEO	 Global Environment Outlook

GLAAS	 Global Annual Assessment of Sanitation and Drinking-Water

GNI	 Gross national income

GOCE	 Gravity Field and Steady-State Ocean Circulation Explorer

GRACE	 Gravity Recovery and Climate Experiment satellites

GRAPHIC	 Groundwater Resources Assessment under the Pressures of Humanity and 
Climate Change programme

GW-MATE	 World Bank Groundwater Management Advisory Team

IFAD	 International Fund for Agricultural Development

IPCC	 Intergovernmental Panel on Climate Change

MDG	 Millennium Development Goal

NAFTA	 North American Free Trade Agreement

NEWS	 Global Nutrient Export from Watersheds models



Water in a changing world� 307

PART

Abbreviations, data notes and units of measure

NGO	 Non-governmental organization

NWSC	 National Water and Sewerage Corporation of Uganda

OAS	 Organization of American States

OECD	 Organisation for Economic Co-operation and Development

OMVS 	 Organization for Development of the Senegal River (Organisation pour la 
mise en valeur du fleuve Sénégal)

PDSI	 Palmer Drought Severity Index

PLUARG	 International Reference Group on Great Lakes Pollution from Land Use 
Activities

POC	 Particulate organic carbon

R&D	 Research and development

RADWQ	 Rapid Assessment of Drinking Water Quality survey method

SAGUAPAC	 Cooperative for Urban Water and Sanitation Services in Santa Cruz

TVA	 Tennessee Valley Authority

UN	 United Nations

UNEP	 United Nations Environment Programme

UNESCO	 United Nations Educational, Scientific and Cultural Organization

UNFCCC	 United Nations Framework Convention on Climate Change

UN-HABITAT	 United Nations Human Settlements Programme

UNICEF	 United Nations Children’s Fund

UNSGAB	 UN Secretary-General’s Advisory Board

WBCSD	 World Business Council for Sustainable Development

WHO	 World Health Organization

Data notes and units of measure

$	 All dollars are current US dollars unless otherwise indicated

Billion	 Billion is 1,000 million

Water	 Refers to freshwater unless otherwise indicated

Btu	 British thermal unit (1,054.35 joules)

exajoule	 Unit of energy equal to 1018 joules

Gt	 Gigatonne

kcal	 Kilocalorie

kg	 Kilogram

km2	 Square kilometre

km3	 Cubic kilometre

m2	 Square metre

m3	 Cubic metre

mm	 Millimetre

terawatt	 Unit of energy equal to 1 trillion watts (1012)
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156, 157, 212
Mekong River basin 153
melt‑water 193
Mesopotamian marshlands, Iraq 129, 283
meta‑information systems 235
methane 200
Mexico 243, 284
microbial pollution 138
microfinance 65
micro‑hydro plants 72
micro‑irrigation 156‑157
micro‑organisms 44
microwave technology 234
Middle East 154, 155
middle‑income countries 33
migration 30, 31‑32, 70, 282
Millennium Development Goals (MDGs)

achieving 3
corruption 55, 56
domestic water 96
drinking water 102
health 88
investment 11‑12, 13
partnerships 6
poverty reduction 10, 11
sanitation 59, 244

mining activities 139, 140
mismanagement 254‑255

see also corruption
mitigation

climate change 19, 68, 69, 111‑112
disasters 282
hazards 220‑221, 222
policy 295
pollution 127, 139‑145
technological innovation 72‑73

modelling
groundwater recharge 190
hydrologic data 203, 226‑227, 235
monitoring networks 261
soil moisture 185, 186
water quality 176

Mondi South Africa 274, 275
monitoring

groundwater 135
information 43, 261‑262
nanotechnology 45
networks 21, 226‑236, 285
performance 256
pollution 136, 146
supply and sanitation 103‑104
water quality 127, 174

mortality 13, 87, 88, 89, 90, 215
mountains 170, 212
multipurpose water schemes 291
multidecadal variability 182‑183, 187
multilateral aid 17, 64
multilateral treaties 154
multinational agreements 228
multiplatform information 228, 234, 235
multiple objectives 280, 281
multiple‑use approaches 86‑87, 115, 278, 294
multisectoral approaches 7
multistakeholder processes 12, 53

N
nanotechnology 45
national level

capacity assessment 256
climate change 251
conflicts 151
development plans 293
environmental sustainability 145‑146

finance 57, 65
fisheries 121
hydrologic information 230, 233
industrial water productivity 116
integrated approaches 242, 286‑287
law 50
observation networks 231, 235
policy 51‑52, 111
poverty reduction 10
security 280
sharing data 226
wastewater treatment 142
water footprints 102
water saving strategies 274
water use 98, 99

nation‑building 81
navigation 120‑121
Near East 112
negative population growth 30
Nepal 72, 278, 282
The Netherlands 245
net primary productivity 199‑200
networks 21, 203‑204, 226‑236, 257‑258, 261, 

285
New York City, US 128, 263
NGOs see non‑governmental organizations
nitrates 139, 144
nitrogen 175, 176
non‑conventional sources 154, 155
non‑governmental organizations (NGOs) 

54‑55, 158
non‑integrated approaches 243
non‑point source pollution 136, 137, 139, 

144‑145, 178
non‑water sectoral interventions 269‑270
no‑regrets 296
North America 194, 195, 251, 252
Northern Hemisphere 192, 193, 194, 195, 213
nuclear energy 43
nutrients 138‑139, 144, 173, 175‑176, 219, 220

O
observation networks 21, 226‑236

see also monitoring
ocean links 173‑174
off‑farm employment 272‑273
official development assistance 64, 65, 262, 296
off‑stream uses 96, 97‑98, 99
oil prices 15‑16, 65, 119‑120
online information systems 235, 257
on‑stream uses 96, 98
operational data 228‑234
operation and maintenance 57‑58, 235
organic materials 138
Orissa, India 152
oxygenation 220

P
Pakistan 90, 141, 142
Palmer Drought Severity Index (PDSI) 183‑184, 

186, 216
Pamir glaciers 196‑197
pan evaporation 184, 185, 202
participation 

consultation 275‑276, 277
decision‑making 6, 270, 292
demand management 274
institutional 246
policy 49
water management 53‑54, 251‑255, 256

particulate materials 173‑174, 200‑201
partnerships 4, 6, 12, 248‑249, 257, 293
pastoralists 31‑32
payments for goods and services 65‑66, 

262‑263, 288, 292
PDSI see Palmer Drought Severity Index
peace and security 19
perceptions 36, 38, 106
performance monitoring 256
permafrost 190‑191, 192‑194, 200, 201, 204
Peru 93
pesticides 144
philanthropic assistance 64, 296
phosphorous 175, 220
planning

accountability 251‑255
incremental changes 241
integrated 242‑245, 286‑287, 292‑293, 294
land use 214
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river basin 53
strategic financial 61

point source pollution 136, 137, 139
policy

bioenergy 34
climate change 72‑73, 251
data‑sharing 231
decision‑making 296
external 269
governance reform 242‑251
groundwater 136
health 272‑273
incremental changes 241
land redistribution 283
law 249‑250
macroeconomic 271‑272
mitigation and adaptation 295
technology adsorption 47
water use 49‑56

‘polluter pays’ principle 62, 128, 140, 145
pollution

charges 62
corruption 56
laws 53
micro‑organisms 44
mitigation 127, 139‑145, 146
prints 36
water quality 136‑139
water supply constraints 177‑178
see also quality, water; wastewater

population
biogeochemical cycles 175
education 38
food production 108, 109
global runoff 170
pressures 14, 29, 30‑31
renewable water 167
snowmelt 194‑195
soil erosion 218
water use 98, 101

Potters for Peace, Cambodia 259
poverty

access to water 3, 10‑11, 83‑87
charging for water 61‑62
corruption 55
disaster costs 8
food prices 110
globalization 33
health 87, 296
investment 277‑278
priorities 295
rural electrification 279
social drivers 37
sub‑Saharan Africa 11
see also income

power generation technologies 118
precipitation

climate change 112, 213
extreme events 216
freshwater 166‑167
glaciers 196, 197
groundwater 190
landslides 219
net primary productivity 199, 200
satellite data 234
sediment 220
temperature 213‑214
trends 181‑184, 201, 202, 204

precision agriculture 133, 135‑136
prices

allocation of water 157
demand management 157
electricity 279
energy 15‑16, 117‑118
food 16, 21, 33, 44‑45, 47, 106, 108, 109, 110
fuel 15‑16, 33‑35, 65, 119‑120
poverty 37

pricing strategies 9, 61‑62, 262, 274
see also charging strategies

private sector 60, 62‑63, 105, 133‑134, 248, 249, 
274‑275

productivity 116, 199‑200, 219
professional knowledge 256‑258

public level 10, 63, 105, 249, 251‑255, 
258‑259, 288

public‑private partnerships 6, 248, 249
pumps 127, 131, 133, 217, 279

Q
quality, water

basin closure 151

biogeochemical cycles 173, 174, 177
climate change 219
demographic drivers 29
drinking water 103
industry 116
marginal 155
monitoring 127, 230, 261
observation networks 227
public participation 252
rights 53
risks 136‑139

Québec, Canada 276, 277

R
radiation 184‑185
rainfall 70, 284, 285

see also precipitation
rainfed agriculture 106, 107, 108, 112
reallocation 154, 155, 157, 242, 243‑244

see also allocation of water
recession, economic 141
recession, glaciers 196‑197, 198
recurrent costs 57
recycling 211
reference crop evaporation 185
refugees 31, 283
regional level

cooperation 284
economic development 280, 281
evaporation 185
fisheries 122
hazards 211‑213
hydrologic data 232, 235
networks 257
policy and laws 50‑51
public awareness 258‑259
radiation 184‑185
river effects 130
sanitation 103
service costs 59
sharing data 226
snow cover 195
streamflow 216
trade 35
water crises 13
water use 99
water withdrawals 98

regulations
demand management 156, 157
environmental technology 42
groundwater 135
policy and law 52‑53, 56
pollution mitigation 146
river flow 130, 171
technology adsorption 46, 47
trade‑offs 294

rehabilitation 20, 59, 283
religious belief 38‑39
remote sensing 18, 185, 186, 230, 235

see also satellite data
renewable energy 42‑43, 119, 279, 280

see also hydropower
renewable water 167‑172, 223
Republic of Korea 64
reputation 274, 275
research 42, 47, 241, 257, 259‑260
reservoirs

ecosystem degradation 129, 130
evaporation 116‑117, 175
sediment 72, 218, 220
trends 190, 204
see also dams; storage

resettlement 282, 283
residence times 138, 171‑172, 173
resilience 129‑130, 282, 295
respiration 199, 200
response options 21, 241‑268
reuse of wastewater 142‑143
revenues 60‑64
RhineNet project 254
Rhine River, Europe 121
rice production 115
rights 52‑53, 248, 250, 285
Rio Grande/Bravo 243, 284
risk

climate change 19
dealing with 269
decision‑making 292, 295‑296
integrated approaches 277
malnutrition 14
nanotechnology 45

pollution 145
sharing instruments 65
wastewater 143
water quality 136‑139
win‑win scenarios 283‑285

river basins
closure and interconnectedness 150‑151
competition 155
interregional cooperation 283
organizations 6
river management 247
transboundary 146
upstream‑downstream impacts 152
water quality 176

rivers
discharge 151, 175, 197, 201, 202, 219
environmental flows 145‑146
flows 130, 170‑171, 214‑217
parliaments 251‑254
sediment 218‑222
wastewater 141
see also streamflow

rules 50‑51
runoff

climate change 82, 113‑114, 213
glaciers 197, 213
global 170, 232, 233
hydrologic cycle 167
pollution 139
trends 186‑188, 202, 203, 204

rural areas
development 282
electrification 127, 133, 279
environmental services payments 263
groundwater 134‑135, 217
infrastructure 58
investments 82
population 31
sanitation 103
urban water needs contrast 84‑86
see also agriculture

Russian Federation 186, 188, 193, 194, 195
Rwanda 282, 283

S
safe drinking water see drinking water
salinization 130, 131, 220, 230
sanitation

access to 84, 85, 88, 96, 102‑103, 104
domestic 102‑106
economic impacts 8‑9
education 38, 272
finance 49
infrastructure costs 59‑60
integrated approaches 244
law 51
MDGs 11‑12
participation 246
poverty 11, 37
subsidies 64

São Francisco basin, Brazil 247
satellite data 43, 185, 186, 195, 204, 226, 228, 

233‑234
see also remote sensing

scaling‑up 12, 106
scarcity, water 17, 18, 33, 112, 128, 154, 294
scenarios 74‑75, 101, 212‑213, 244, 269‑273, 

296
schools 88, 104, 272
science and education centres 258
science and technology 42‑45

see also research
sea level rise 70
second‑generation bioenergy technology 44
sectoral level 15, 98, 151‑152, 276‑280
security

climate change 19‑20
energy 18, 34
food 16‑17, 33, 110, 123
water 11, 153
win‑win scenarios 280‑282

sediment 130, 175, 190, 201, 218‑222
seismic activities 219
self‑regulation 135
self‑sufficiency 34
self‑supply groundwater 97, 100
semi‑arid tropics 113
Senegal River 284
sensitivity 189, 190, 203
service provision/delivery

corruption 55

Index
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costs 3, 292
decentralization 246
efficiency 249
finance 61, 63
national 51‑52, 81
partnerships 6
small‑scale 89, 105‑106

sewage treatment 140‑143
see also wastewater

shared resources 51, 146, 220, 283
sharing data and information 226, 228, 229, 

231‑232, 235, 236, 256‑258, 293‑294
Siberia 190‑191, 193
siltation 130
single‑use systems 87
skin disease 143
sludge 142
slums 30, 84, 103‑104, 105, 282
small islands 113
small‑scale water provision 63, 65, 249, 262
small towns 103
snow 113, 194‑196, 201, 204, 213, 216
social level

climate change 71‑72
decision‑making 4
development 291
drivers 36‑39
groundwater sustainability 134‑135
marketing 286
policy 272‑273
responsibility 274
sanitation 105‑106
water management 150

soft infrastructure 57, 82‑83
soil 185‑186, 200, 204, 218
solar energy 279
solar radiation 184
South Africa 222, 275
South Asia 106, 133
South‑East Asia 8
space hydrologic observations 233‑234
Spain 222
spatial level 118, 167‑172, 174, 175, 176, 

294‑295
sphere of decision‑making 4, 5
spring melt 194, 195
stakeholders 9, 246, 251‑255
standards of living 39, 71
stationarity 181
statistical downscaling 203
The Stern Review 2006 71
storage

Africa 11
economic development 81, 82
groundwater 171‑172, 173, 223, 230
need for increases 153
terrestrial carbon cycles 197, 199
trends 190‑192
see also groundwater; reservoirs

storms 70, 214
streamflow 186‑188, 201, 202, 204, 213, 220, 

229, 232
see also river flows

stunting in children 90
subsectoral management 4
subsidence 217
subsidies 62, 64, 66, 117, 133, 158, 279
supply 64, 68, 102‑106, 154‑158, 167, 246
support 293
surface fluxes 181
sustainable development 3‑23, 36, 68, 288
sustainable level

change 286
cost recovery 65
environmental 12‑14, 37, 127, 134‑135, 

145‑146
finance 57, 66, 284‑288, 291, 292
groundwater 131‑136
institutions 284
sanitation 244
technological innovation 47
tourism 279‑280
water management 36

Sustainable Water Management Improves 
Tomorrow’s Cities Health (SWITCH) 257

Sweden 187
SWITCH see Sustainable Water Management 

Improves Tomorrow’s Cities Health
Switzerland 187
synergies 6, 269, 291, 294

T
Tajikistan 223
Tanzania 70
tariffs 60, 61‑62, 65
technological innovation 41‑48, 72‑73, 105, 

115, 156, 259‑260, 285
temperature

extreme events 216
glaciers 196‑197
growing seasons 222
hydrological cycle 201, 202
permafrost 193
precipitation 213‑214
productivity 199‑200, 219
sediment 220
snow cover 195

temporal level 167‑172, 294‑295
Tennessee Valley Authority 280, 281
terrestrial systems 197‑201, 228, 229‑230
thaw lakes 200
thermal stratification 138, 220
thermocline 220
Tien Shan, Akshiirak glacier massif 197, 198
tourism 116, 117, 279‑280
toxic chemicals 273
trade 32, 35‑36, 62, 145, 158
trade‑offs 6, 49, 66, 269, 277, 291, 294
traditional aspects 52, 256, 262

see also customary aspects
transboundary 18, 146, 153‑154, 221‑222, 230, 

231‑232, 243, 286
transition economies 140
transparency 49, 56, 150, 270, 292
transpiration 106
transport 111, 120‑121, 201
treaties 50, 154
tundra 212
Tunisia 156, 244, 274
Turkey 187, 280, 281

U
Uganda 91, 271
Ukraine 186
UN see United Nations
uncertainty

climate change 68, 69, 71, 73, 74, 112‑114
data and information 292
dealing with 269
decision‑making 295‑296
economic 17
future water use 101
hydrological cycle 202‑203, 227
precipitation 181, 182
reducing 291
renewable water supply 170, 171
variability 211
water quality 174
water use 97
win‑win scenarios 283‑285

under‑five mortality 88
UN Secretary‑General’s Advisory Board on 

Water and Sanitation (UNSGAB) 64
UNFCCC see United Nations Framework 

Convention on Climate Change
United Kingdom 187
United Nations Framework Convention on 

Climate Change (UNFCCC) 18, 19
United Nations (UN) 20, 269, 291, 293
United States of America (US) 243

allocation institutions 284
dams 172
ecosystem restoration costs 9
infrastructure 8, 57
power generation technologies 118
regional development 280, 281
snow cover 195‑196
soil conservation 218
streamflow 187
water charging 263

upstream‑downstream relationships 151, 152, 
262‑263

upstream irrigation 157
urban areas

agriculture conflicts 152
groundwater 133‑134, 134‑135
infrastructure 57‑58
knowledge networks 257‑258
migration 282
pollution 140‑143

population 29‑30, 31
rural contrast 84‑86
sanitation 103
stormwater 214
wastewater 287
water loss 156

urbanization 29, 31, 101, 136, 138
user finance 57, 60, 61‑62, 286
use of water 16, 21, 41, 82‑83, 96‑149, 212, 

232‑233, 294

V
value 92, 145, 157, 228, 231
values 38‑39
variability

adaptation 222
climate change 68, 73, 74
glaciers 196
precipitation 181, 182‑183
rainfall 70
soil moisture 186
spatial and temporal 167‑172
uncertainty 211

vegetation 212, 218, 220
Viet Nam, poverty reduction and growth 10
virtual water 14, 15, 32, 33, 35‑36, 101, 102, 168
vulnerability

aquifers 223
climate change 19‑20, 73, 113‑114
economic development 70
ecosystem services 92
groundwater pollution 134
poverty 37
urban and coastal areas 30

W
wastewater

agriculture 287
energy 117
environmental impacts 142‑143
information 233
infrastructure costs 58, 59
micro‑organisms 44
nanotechnology 45
perceptions 106
pollution 138
technological innovation 41
see also pollution; sewage treatment

water box dilemma 3, 4‑6
water footprints 15, 33, 35‑36, 96, 101‑102, 117
water as human right 54, 248
water‑logging 130‑131
water stress 92, 142
water user associations 6, 246, 248, 253‑254
WBCSD see World Business Council for 

Sustainable Development
wealth 84
wetlands 91, 151, 191‑192, 204, 212
wildfire 200
willingness to pay 9, 57, 61
wind speed 185, 220
win‑win scenarios 269‑285
withdrawals

agriculture 106
groundwater 132
increases 96
industrial water 116
Mediterranean 157
water use 97, 98, 99, 100

women 38
World Business Council for Sustainable 

Development (WBCSD) 75
World Economic Forum 2008 296
World Panel on Financing Water Infrastructure 

9, 64, 262
World Water Assessment Programme 291, 296
World Water Monitoring Day™ 285
World Water Vision 2000 53‑54, 75

Y
yields 107‑108, 112‑113, 222

Z
Zambia 259, 287
zooplankton 219





UN-Water is a mechanism with 25 
member agencies to strengthen coordination 

and coherence among all United Nations bodies 
that deal with freshwater issues: from water 

supply, sanitation and health to climate, food, energy, 
environment, disasters and sustainable water resources 

management for socioeconomic development. Established 
in 2003 by the High-Level Committee on Programmes of 
the United Nations, it evolved from many years of close 

collaboration among UN agencies. UN-Water is not 
another agency; through task forces and programmes 

led and hosted by various members, it adds value to 
existing activities and fosters cooperation and 

information sharing among UN agencies 
and stakeholder representatives.
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The news media are full of talk of crises – in climate change, energy and food and 
troubled financial markets. These crises are linked to each other and to water resources 
management. Unresolved, they may lead to increasing political insecurity and conflict.

Water is required to meet our fundamental needs and rising living standards and 
to sustain our planet’s fragile ecosystems. Pressures on the resource come from a 
growing and mobile population, social and cultural change, economic development 
and technological change. Adding complexity and risk is climate change, with 
impacts on the resource as well as on the sources of pressure on water. 

The challenges, though substantial, are not insurmountable. The Report shows how some 
countries have responded. Progress in providing drinking water is heartening, with the 
Millennium Development Goal target on track in most regions. But other areas remain 
unaddressed, and after decades of inaction, the problems in water systems are enormous 
and will worsen if left unattended. 

Leaders in the water sector can inform decisions outside their domain and manage 
water resources to achieve agreed socioeconomic objectives and environmental 
integrity. Leaders in government, the private sector and civil society determine these 
objectives and allocate human and financial resources to meet them. Recognizing 
this responsibility, they must act now!
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