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by Ban Ki-moon
Secretary-General of the United Nations

Water flows through the three pillars of sustainable development — economic, social and environmental. Water resources, and
the essential services they provide, are among the keys to achieving poverty reduction, inclusive growth, public health, food
security, lives of dignity for all and long-lasting harmony with Earth’s essential ecosystems.

Water issues have risen in prominence in recent years, reflecting growing understanding of water’s centrality as well as the
world’s success in achieving the Millennium Development Goal target of halving the proportion of people without sustainable
access to safe drinking water. Between 1990 and 2010, 2.3 billion people gained access to improved drinking water sources,
such as piped supplies and protected wells.

The publication of the World Water Development Report 2015, “Water for a Sustainable World”, comes as Member States
strive to build on the gains made under the MDG framework, articulate an inspiring post-2015 development agenda and
reach an ambitious agreement on climate change. The report illustrates the complex linkages between water and critical areas
such as human health, food and energy security, urbanization, industrial growth and climate change. It also describes the
status of the world’s water resources, including an overview of the impacts of unsustainable growth on freshwater resources,
and suggests possible responses to these challenges.

The World Water Development Report 2015, coordinated by UNESCO's World Water Assessment Programme, brings together
31 UN-Water Members and 37 Partners, and offers data and information aimed at policy- and decision-makers, inside and
outside the water sector. The decisions that determine how water resources are used (or abused) are not made by water
managers alone. Progress towards sustainable development thus requires engaging a broad range of actors. | appeal to
Government leaders as well as civil society and the private sector to join forces to protect and share our most precious
resource, and to build a more sustainable future for all.

Ao Pz

Ban Ki-moon
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by Irina Bokova
Director-General of UNESCO

This report comes at a critical moment, when freshwater resources face rising pressure to provide for the social, economic and
environmental needs of a growing world population. 2015 is also a year of high expectations and hopes, as the deadline for
the Millennium Development Goals, and when States will define a new global sustainable development agenda to follow.

Water is inextricably linked to the development of all societies and cultures. At the same time, this development also places
considerable pressure on water resources — agriculture, energy and industry all have impacts on the use and governance of
water. More than two decades after the first summit on sustainable development, many countries still face the challenges
of eliminating poverty and promoting economic growth, ensuring health and sanitation, preventing land degradation and
pollution, and advancing rural and urban development. Around 748 million people today still do not have access to an
improved source of drinking water, and water demand for manufacturing is expected to increase by 400 per cent between
2000 and 2050 globally.

The 2015 World Water Development Report sets both an aspirational and a realistic vision for the future of water towards
2050. Water is essential for promoting inclusive sustainable development, as it supports human communities, maintains the
functions of ecosystems and ensures economic development. Translating this vision into reality requires efforts by all, through
concrete and interrelated actions that go from establishing the legal and institutional framework to ensure sustainable water
management and increasing investments and financial support for water development to enhancing and improving access to
water supply, sanitation and hygiene services.

To these ends, UNESCO is deeply committed to ensuring equitable and inclusive quality education and lifelong learning for
women and men across the world. In many contexts, this calls for freeing women and children from the burden of fetching
water for hours every day to provide them with opportunities for their empowerment and fulfilment. This is essential for
advancing respect for human rights and for eliminating poverty. This is why the 2015 Report has mainstreamed the needs of
the most vulnerable, as well as those of minorities, women and children, throughout its approach and analysis.

I am confident that the 2015 World Water Development Report will contribute significantly to the discussion of the 69th
United Nations General Assembly and to shaping an ambitious new global sustainable development agenda, with water at its
heart. In this respect, | wish to thank all members and partners of UN-Water, under the coordination of United Nations World
Water Assessment Programme, for their contribution to this report and commitment to the goals we share. | see this as a
powerful example of the United Nations delivering as one on key issues for all member States. The Secretariat of the United
Nations World Water Assessment Programme has played a particularly important role in coordinating this important work.

In this respect, | wish to express my gratitude also to the Government of Italy and the Umbria Region for hosting the United
Nations World Water Assessment Programme and supporting its work.

The sustainable use and management of water is vital for welfare of all humanity today, and it is essential for building the
future we want for all. This is why this Report is so important.

/M\M ngg

Irina Bokova

WWDR 2015



vi

by Michel Jarraud
Chair of UN-Water and Secretary-General of WMO

2015 is when the Millennium Development Goals will come to term and the new sustainable development agenda will come
to light. This year we have an unprecedented opportunity to be bold, brave and vigorous when creating the future we want.

Water is truly at the core of sustainable development. It is inextricably linked to climate change, agriculture, food security,
health, equality, gender and education, and there is already international agreement that water and sanitation are essential to
the achievement of many sustainable development goals.

In my capacity as Chair of UN-Water, | am proud of this year’s World Water Development Report. With a broad and ambitious
scope, the Report provides a thorough understanding of water and sanitation challenges and how to transform them into
opportunities.

The production of this Report was only made possible by the hundreds of hours of inter-agency collaboration that went into
it. Therefore, | would like to sincerely thank all of my UN-Water colleagues for their contributions. | would also like to express
my profound appreciation to the United Nations Educational, Scientific and Cultural Organization (UNESCO) for its World
Water Assessment Programme, which coordinates the production and publication of the Report on behalf of UN-Water.

This 2015 Report is a must-read to understand the role of water and sanitation in the Post-2015 Development Agenda and it
is my hope that this Report can inspire strategies, policies and actions for years to come.

Michel Jarraud
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by Michela Miletto, WWAP Coordinator a.i.
and Richard Connor, Lead Author

In its 1987 report, Our Common Future, the United Nations’ World Commission on Environment and Development (the
Brundtland Commission) defined ‘sustainable development’ as "development that meets the needs of the present without
compromising the ability of future generations to meet their own needs." Since then, several other definitions have

been proposed and debated, and countless papers, articles and books have been published, each seeking to broaden our
understanding of the concept and the types of actions it implies.

With the 1992 UN Conference on Environment and Development (the Rio Summit) through to the 2000 United Nations
Millennium Declaration and its eight Millennium Development Goals (MDGs), sustainable development has become integrated
into the UN System as the organizing principle for sustaining the finite resources necessary to provide for the needs of future
generations of life on the planet. 2015 marks yet another critical milestone in this evolution. As the MDG cycle draws to a
close, a new cycle of Sustainable Development Goals (SDGs) is poised to guide national governments and the international
community in our common quest to achieve a sustainable world.

As the second in a new series of annually released theme-oriented reports, the 2015 edition of the United Nations World
Water Development Report (WWDR) clearly shows how water is critical to sustainable development. Indeed, water is the
essential primary natural resource upon which nearly all social and economic activities and ecosystem functions depend.
Sustainable development requires that we properly manage our freshwater resources and equitably share its benefits.

The linkages between water and sustainable development are numerous, complex and often subtle. In addition to describing
the relationship between water and its social, economic and environmental dimensions, this WWDR also examines water’s
role in addressing several of the most pressing developmental challenges of our time, from food and energy security to
urbanization and climate change. The Report is further enriched by regional perspectives, and provides decision-makers and
practitioners with specific examples of measures, actions and approaches to addressing these interconnected challenges
through water.

Like its predecessors, the WWDR 2015 is primarily targeted at national-level decision-makers and water resources managers.
However, it is hoped the Report will also be well received by academics and the broader developmental community as well by
those who care about the common future of our planet.

This latest edition of the WWDR is the result of a concerted effort between WWAP, the ten Lead Agencies (FAO, UNDESA,
UNDP, UNEP, UNESCO, UN-Habitat, UNICEF, UNIDO, WHO and WMO) responsible for the thematic part of the Report and
the five Regional UN Economic Commissions who provided geographically-focused perspectives on water and sustainable
development.

The Report has also benefitted to a great extent from the inputs and contributions of several UN-Water Members and
partners, as well as from dozens of scientists, professionals and NGOs who provided a wide range of excellent material. The
members of WWAP's Technical Advisory Committee were particularly active and generous in providing their guidance and
knowledge to the production team. In line with the previous publications of WWAP, this Report is gender-mainstreamed
thanks to the support of UN Women, the WWAP Advisory Group on Gender and the UNESCO Division for Gender Equality.

WWDR 2015
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The report begins by describing a world in the not-so-distant future in which water resources and water-related services are
managed in such a way that the benefits derived from water are maximized and shared equitably throughout the world. This
vision is not merely a fictional utopian outlook; it is a future that we believe is entirely achievable — a future in which water
is recognized and managed as the fundamental resource that supports all aspects of sustainable development. This vision
represents a new and innovative approach to the WWDR which we hope will prompt readers to reflect on how our world
could be, provided we make appropriate changes to the ways we do things.

Although the concept of sustainable development may be straightforward, different stakeholders tend to see the challenges
and potential solutions from their particular — and often varying — perspectives. We have endeavoured to present a fact-based,
balanced and neutral account of the current state of knowledge, covering the most recent developments pertaining to water
and sustainable development. As we move towards a new paradigm of sustainable development, whether via a new set of
development goals, the decoupling of water and economic growth, or the ‘greening’ of economies, it is our sincere hope that
this factual Report is received as a useful, informative and credible tool that will support and strengthen proactive discussions
pertaining to our common future, and ultimately help to identify and adopt appropriate responses.

On behalf of WWAP's Secretariat, we extend our deepest appreciation to the UN-Water Lead Agencies and Regional
Commissions, to the members and partners of UN-Water, and to the authors, writers, editors and other contributors for
collectively producing this unique and authoritative report. A special recognition goes to the UNDP, who provided outstanding
support from the very beginning of the Report’s development through to the final editing process.

A particular thanks goes to Ms Irina Bokova, Director-General of UNESCO, for her crucial support for WWAP and the
production of the WWDR.

We are profoundly grateful to the Italian Government for funding the Programme, and to the Umbria Region for hosting
the WWAP Secretariat in Villa La Colombella in Perugia. Their contribution has been instrumental to the production of the
WWDR.

Finally, we extend our most sincere gratitude to all our colleagues at the WWAP Secretariat, whose names are listed in the
acknowledgements. This report could not have been completed without their dedication and professionalism.

/}m%@v AL TRU. L
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The United Nations World Water Assessment Programme (WWAP) Secretariat would like to extend its sincere thanks to all the
organizations, institutions and individuals who made the preparation of this Report possible.

WWAP recognizes the valuable contribution, useful revisions and timely endorsements of UN-Water members and partners.
Special thanks go to UNDP for their assistance in developing the structure and main messages of the Report, and for hosting
the WWDR 2015 Developmental Workshop in cooperation with Stockholm International Water Institute.

WWDR 2015 benefitted from the significant reviews, comments and guidance of WWAP’s Technical Advisory Committee.

We wish to express our earnest thanks to Ms Irina Bokova, the Director-General of UNESCO, whose support was instrumental
in preparing the Report.

We would like to acknowledge the support of Ms Blanca Jiménez-Cisneros, Director of the Division of Water Sciences and
Secretary of the International Hydrological Programme (IHP), and colleagues at IHP.

WWAP is grateful for the generous financial contribution of the Italian Government, under the ratified Memorandum of
Understanding for WWAP, and for the facilities provided by the Umbria Region.
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Water is at the core of sustainable development. Water
resources, and the range of services they provide, underpin
poverty reduction, economic growth and environmental
sustainability. From food and energy security to human and
environmental health, water contributes to improvements
in social well-being and inclusive growth, affecting the
livelihoods of billions.

Vision 2050: Water in a sustainable world
In a sustainable world that is achievable in the near
future, water and related resources are managed in
support of human well-being and ecosystem integrity
in a robust economy. Sufficient and safe water is
made available to meet every person’s basic needs,
with healthy lifestyles and behaviours easily upheld
through reliable and affordable water supply and
sanitation services, in turn supported by equitably
extended and efficiently managed infrastructure.
Water resources management, infrastructure and
service delivery are sustainably financed. Water is duly
valued in all its forms, with wastewater treated as a
resource that avails energy, nutrients and freshwater
for reuse. Human settlements develop in harmony
with the natural water cycle and the ecosystems
that support it, with measures in place that reduce
vulnerability and improve resilience to water-related
disasters. Integrated approaches to water resources
development, management and use — and to
human rights — are the norm. Water is governed in a
participatory way that draws on the full potential of
women and men as professionals and citizens, guided
by a number of able and knowledgeable organizations,
within a just and transparent institutional framework.

The consequences of unsustainable growth
Unsustainable development pathways and governance
failures have affected the quality and availability of water
resources, compromising their capacity to generate social
and economic benefits. Demand for freshwater is growing.
Unless the balance between demand and finite supplies is
restored, the world will face an increasingly severe global
water deficit.

Global water demand is largely influenced by population
growth, urbanization, food and energy security policies,
and macro-economic processes such as trade globalization,

changing diets and increasing consumption. By 2050, global

water demand is projected to increase by 55%, mainly due

to growing demands from manufacturing, thermal electricity

generation and domestic use.
Competing demands impose difficult allocation decisions
and limit the expansion of sectors critical to sustainable

EXECUTIVE SUMMARY

development, in particular food production and energy.
The competition for water — between water ‘uses’ and
water ‘users’ — increases the risk of localized conflicts and
continued inequities in access to services, with significant
impacts on local economies and human well-being.

Over-abstraction is often the result of out-dated models

of natural resource use and governance, where the use

of resources for economic growth is under-regulated and
undertaken without appropriate controls. Groundwater
supplies are diminishing, with an estimated 20% of the
world’s aquifers currently over-exploited. Disruption of
ecosystems through unabated urbanization, inappropriate
agricultural practices, deforestation and pollution are among
the factors undermining the environment’s capacity to
provide ecosystem services, including clean water.

Persistent poverty, inequitable access to water supply and
sanitation services, inadequate financing, and deficient
information about the state of water resources, their use
and management impose further constraints on water
resources management and its ability to help achieve
sustainable development objectives.

Water and the three dimensions of
sustainable development

Progress in each of the three dimensions of sustainable
development — social, economic and environmental - is
bound by the limits imposed by finite and often vulnerable
water resources and the way these resources are managed
to provide services and benefits.

Poverty and social equity

While access to household water supplies is critical
for a family’s health and social dignity, access to water
for productive uses such as agriculture and family-run

Fisher and her husband pulling in the net (Timor Leste)
Photo: UN Women/Betsy Davis



businesses is vital to realize livelihood opportunities,
generate income and contribute to economic productivity.
Investing in improved water management and services can
help reduce poverty and sustain economic growth. Poverty-
oriented water interventions can make a difference for
billions of poor people who receive very direct benefits
from improved water and sanitation services through better
health, reduced health costs, increased productivity and
time-savings.

Economic growth itself is not a guarantee for wider social
progress. In most countries, there is a wide — and often
widening — gap between rich and poor, and between those
who can and cannot exploit new opportunities. Access to
safe drinking water and sanitation is a human right, yet

its limited realization throughout the world often has
disproportionate impacts on the poor and on women and
children in particular.

Economic development

Water is an essential resource in the production of most
types of goods and services including food, energy and
manufacturing. Water supply (quantity and quality) at

the place where the user needs it must be reliable and
predictable to support financially sustainable investments in
economic activities. Wise investment in both hard and soft
infrastructure that is adequately financed, operated and
maintained facilitates the structural changes necessary to
foster advances in many productive areas of the economy.
This often means more income opportunities to enhance
expenditure in health and education, reinforcing a self-
sustained dynamic of economic development.

Many benefits may be gained by promoting and facilitating
use of the best available technologies and management
systems in water provision, productivity and efficiency, and
by improving water allocation mechanisms. These types

of interventions and investments reconcile the continuous
increase in water use with the need to preserve the critical
environmental assets on which the provision of water and
the economy depends.

Environmental protection and ecosystem services
Most economic models do not value the essential services
provided by freshwater ecosystems, often leading to
unsustainable use of water resources and ecosystem
degradation. Pollution from untreated residential and
industrial wastewater and agricultural run-off also weakens
the capacity of ecosystem to provide water-related services.

Ecosystems across the world, particularly wetlands, are
in decline. Ecosystem services remain under-valued,

WWDR 2015

under-recognized and under-utilized within most current
economic and resource management approaches. A more
holistic focus on ecosystems for water and development
that maintains a beneficial mix between built and natural
infrastructure can ensure that benefits are maximized.

Economic arguments can make the preservation of
ecosystems relevant to decision-makers and planners.
Ecosystem valuation demonstrates that benefits far exceed
costs of water-related investments in ecosystem conservation.
Valuation is also important in assessing trade-offs in ecosystem
conservation, and can be used to better inform development
plans. Adoption of ‘ecosystem-based management'’ is key to
ensuring water long-term sustainability.

Water'’s role in addressing critical
developmental challenges

Interlinkages between water and sustainable development
reach far beyond its social, economic and environmental
dimensions. Human health, food and energy security,
urbanization and industrial growth, as well as climate
change are critical challenge areas where policies and
actions at the core of sustainable development can be
strengthened (or weakened) through water.

Lack of water supply, sanitation and hygiene (WASH)
takes a huge toll on health and well-being and comes at

a large financial cost, including a sizable loss of economic
activity. In order to achieve universal access, there is a need for
accelerated progress in disadvantaged groups and to ensure
non-discrimination in WASH service provision. Investments in
water and sanitation services result in substantial economic
gains; in developing regions the return on investment has
been estimated at US$5 to US$28 per dollar. An estimated
US$53 billion a year over a five-year period would be needed
to achieve universal coverage — a small sum given this
represented less than 0.1% of the 2010 global GDP.

The increase in the number of people without access to
water and sanitation in urban areas is directly related to the
rapid growth of slum populations in the developing world
and the inability (or unwillingness) of local and national
governments to provide adequate water and sanitation
facilities in these communities. The world's slum population,
which is expected to reach nearly 900 million by 2020, is
also more vulnerable to the impacts of extreme weather
events. It is however possible to improve performance of
urban water supply systems while continuing to expand the
system and addressing the needs of the poor.

By 2050, agriculture will need to produce 60% more food
globally, and 100% more in developing countries. As the
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Haitian students breathe new life into depleted pine forest
Photo: UN Photo/Logan Abassi

current growth rates of global agricultural water demand
are unsustainable, the sector will need to increase its
water use efficiency by reducing water losses and, most
importantly, increase crop productivity with respect to
water. Agricultural water pollution, which may worsen
with increased intensive agriculture, can be reduced
through a combination of instruments, including more
stringent regulation, enforcement and well-targeted
subsidies.

Energy production is generally water-intensive. Meeting
ever-growing demands for energy will generate increasing
stress on freshwater resources with repercussions on other
users, such as agriculture and industry. Since these sectors
also require energy, there is room to create synergies as they
develop together. Maximizing the water efficiency of power
plant cooling systems and increasing the capacity of wind,
solar PV and geothermal energy will be a key determinant in
achieving a sustainable water future.

Global water demand for the manufacturing industry is
expected to increase by 400% from 2000 to 2050, leading
all other sectors, with the bulk of this increase occurring in
emerging economies and developing countries. Many large
corporations have made considerable progress in evaluating
and reducing their water use and that of their supply chains.
Small and medium-sized enterprises are faced with similar
water challenges on a smaller scale, but have fewer means
and less ability to meet them.

The negative impacts of climate change on freshwater

systems will most likely outweigh its benefits. Current
projections show that crucial changes in the temporal and

EXECUTIVE SUMMARY

spatial distributing of water resources and the frequency
and intensity of water-related disasters rise significantly with
increasing greenhouse gas emissions. Exploitation of new
data sources, better models and more powerful data analysis
methods, as well as the design of adaptive management
strategies can help respond effectively to changing and
uncertain conditions.

Regional perspectives
The challenges at the interface of water and sustainable
development vary from one region to another.

Increasing resource use efficiency, reducing waste and
pollution, influencing consumption patterns and choosing
appropriate technologies are the main challenges facing
Europe and North America. Reconciling different water
uses at the basin level and improving policy coherence
nationally and across borders will be priorities for many
years to come.

Sustainability in the Asia and the Pacific region is intimately
linked with progress in access to safe water and sanitation;
meeting water demands across multiple uses and mitigating
the concurrent pollution loads; improving groundwater
management; and increasing resilience to water-related
disasters.

Water scarcity stands at the forefront when considering
water-related challenges that impede progress towards
sustainable development in the Arab region, where
unsustainable consumption and over-abstraction of surface
and groundwater resources contribute to water shortages
and threaten long-term sustainable development. Options
being adopted to enhance water supplies include water
harvesting, wastewater reuse and solar energy desalination.

A major priority for the Latin America and the Caribbean
region is to build the formal institutional capacity to manage
water resources and bring sustainable integration of water
resources management and use into socio-economic
development and poverty reduction. Another priority is to
ensure the full realization of the human right to water and
sanitation in the context of the post-2015 development
agenda.

The fundamental aim for Africa is to achieve durable and
vibrant participation in the global economy while developing
its natural and human resources without repeating the
negatives experienced on the development paths of some
other regions. Currently only 5% of the Africa’s potential
water resources are developed and average per capita storage
is 200 m3 (compared to 6,000 m? in North America). Only 5%



of Africa’s cultivated land is irrigated and less than 10% of
hydropower potential is utilized for electricity generation.

Responses and means of implementation
The post-2015 development agenda

The Millennium Development Goals (MDGs) were successful
in rallying public, private and political support for global
poverty reduction. With regard to water, the MDGs

helped to foster greater efforts towards improving access
to drinking water supply and sanitation. However, the
experience of the MDGs shows that a thematically broader,
more detailed and context-specific framework for water,
beyond the issues of water supply and sanitation, is called
for in the post-2015 development agenda.

In 2014, UN-Water recommended a dedicated Sustainable
Development Goal for water comprised of five target areas:
(i) WASH; (ii) water resources; (iii) water governance;

(iv) water quality and wastewater management; and (v)
water-related disasters. Such a focused water goal would
create social, economic, financial and other benefits that
greatly outweigh its costs. Benefits would extend to the
development of health, education, agriculture and food

production, energy, industry and other social and economic
activities.

Achieving ‘The Future We Want’

The outcome document of the 2012 UN Conference

on Sustainable Development (Rio+20), The Future We
Want, recognized that ‘water is at the core of sustainable
development’, but at the same time development and
economic growth creates pressure on the resource and
challenges water security for humans and nature. There
also remain major uncertainties about the amount of water
required to meet the demand for food, energy and other
human uses, and to sustain ecosystems. These uncertainties
are exacerbated by the impact of climate change.

Water management is the responsibility of many different
decision-makers in public and private sectors. The issue is
how such shared responsibility can be turned into something
constructive and elevated to a rallying point around which
different stakeholders can gather and participate collectively
to make informed decisions.

WWDR 2015
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A Somali woman drawing water from one of the many man-made
ponds dug through a UNDP-supported initiative to bring water

to drought affected communities.

Photo: UNDP Somalia, Jalam, Garowe, Somalia

Governance

Progress in water-related governance calls for engaging a
broad range of societal actors, through inclusive governance
structures that recognize the dispersion of decision-

making across various levels and entities. It is, for example,
imperative to acknowledge women'’s contributions to local
water management and role in decision-making related to
water.

While many countries face stalled water reform, others
have made great strides in implementing various aspects of
integrated water resources management (IWRM), including
decentralized management and the creation of river basin
organizations. As IWRM implementation has too often
been geared towards economic efficiency, there is a need to
put more emphasis on issues of equity and environmental
sustainability and adopt measures to strengthen social,
administrative and political accountability.

Minimizing risks and maximizing benefits

Investing in all aspects of water resources management,
services provision and infrastructure (development,
operation and maintenance) can generate significant social
and economic benefits. Spending on drinking water supply
and sanitation is highly cost-effective on health grounds
alone. Investments in disaster preparedness, improved
water quality and wastewater management are also highly
cost-effective. Distribution of costs and benefits among
stakeholders is crucial for financial feasibility.

Water-related disasters, the most economically and socially
destructive of all natural hazards, are likely to increase with
climate change. Planning, preparedness and coordinated
responses — including floodplain management, early
warning systems and increased public awareness of risk

EXECUTIVE SUMMARY

— greatly improve the resilience of communities. Blending
structural and non-structural flood management approaches
is particularly cost-effective.

Risks and various water-related security issues can also

be reduced by technical and social approaches. There are

a growing number of examples of reclaimed wastewater
being used in agriculture, for irrigating municipal parks and
fields, in industrial cooling systems, and in some cases safely
mixed in with drinking water.

Existing assessments of water resources are often
inadequate for addressing modern water demands.
Assessments are necessary to make informed investment
and management decisions, facilitate cross-sector decision-
making, and address compromises and trade-offs between
stakeholder groups.

Equity

Social equity is one of the dimensions of sustainable
development that has been insufficiently addressed in
development and water policies. Sustainable development
and human rights perspectives both call for reductions in
inequities and tackling disparities in access to WASH services.

This calls for a reorientation of investment priorities and
operational procedures to provide services and allocate
water more equitably in society. A pro-poor pricing policy
keeps costs as low as possible, while ensuring that water is
paid for at a level that supports maintenance and potential
expansion of the system.

Water pricing also provides signals for how to allocate scarce
water resources to the highest-value uses — in financial
terms or other types of benefits. Equitable pricing and water
permits need to adequately assure that abstraction as well
as releases of used water support efficient operations and
environmental sustainability in ways that are adapted to the
abilities and needs of industry and larger-scale irrigation as
well as small-scale and subsistence farming activities.

The principle of equity, perhaps more than any technical
recommendation, carries with it the promise of a more
water-secure world for all.



The future of water — A vision for 2050

WWAP | Richard Connor, Joana Talafré, Karine Peloffy, Erum Hasan and Marie-Claire Dumont

Over the past several decades, ever-growing demands for
—and misuse of — water resources have increased the risks
of pollution and severe water stress in many parts of the
world. The frequency and intensity of local water crises have
been increasing, with serious implications for public health,
environmental sustainability, food and energy security, and
economic development.

Although the central and irreplaceable roles that water
occupies in all dimensions of sustainable development have
become progressively recognized, the management of
water resources and the provision of water-related services
remains far too low on the scales of public perception and
of governmental priorities. As a result, water often becomes
a limiting factor, rather than an enabler, to social welfare,
economic development and healthy ecosystems.

Prologue

The fact is there is enough water available to meet the
world’s growing needs, but not without dramatically
changing the way water is used, managed and shared. The
global water crisis is one of governance, much more than of
resource availability, and this is where the bulk of the action
is required in order to achieve a water secure world.

WWDR 2015
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A vision for 2050

By 2050, humanity has achieved a water secure world,’
where every person has access to adequate quantities

of water of an acceptable quality and from sustainable
sources, to meet their basic needs and sustain their well-
being and development. The human population is protected
from waterborne pollution and diseases and water-related
disasters. Accessing water is no longer a gendered burden,
and equitable access to water resources and services for
both women and men has fostered greater social inclusion.
Ecosystems are protected in a climate of peace and stability.
Local and national economies are more robust, as the

risks and uncertainties related to the availability of water
resources have been taken into account in the long-term
planning for poverty reduction and economic development.
Norms and attitudes have changed as a result of educational
interventions, institutional changes, improved scientific and
technical knowledge, sharing of lessons learned and best
practices, and proactive policy and legislative developments.

Access to water, sanitation and hygiene (WASH) has been
made universal through the massive deployment of urban
water infrastructure as well as through decentralized small-
scale water purification technology in remote areas, leading
to widely improved health conditions and allowing a life

of human dignity for all persons. Technological innovation
allows for reduced water consumption, such as through
waterless sanitation infrastructure that provides energy and
products from human excreta and eliminates pollution to
precious freshwater resources.

There is a balance between extracted water and water
returned to aquatic ecosystems and aquifers, ensuring their
long-term sustainability. Wastewater from all major human
uses is collected and treated to the most appropriate level
for reuse or release back to the environment, and maximized
reuse is a major contributor to the achievement of universal
access to water.

Water demand per capita and per unit of productivity is
significantly lower than it was in 2015 in the agricultural,
industrial and energy sectors, allowing for the resource to
be shared more equitably. Reduced competition among the
major water users has also helped increase their long-term
economic performance. Water productivity (e.g. ‘crop

1 Based on the definition of ‘water security’by the UN-Water Task Force on
Water Security: "Water security is defined as the capacity of a population to
safeguard sustainable access to adequate quantities of acceptable quality
water for sustaining livelihoods, human well-being, and socio-economic
development, for ensuring protection against water-borne pollution and
water-related disasters, and for preserving ecosystems in a climate of
peace and political stability”

PROLOGUE

per drop’) in both rainfed and irrigated agriculture
has increased dramatically, and water use efficiency in
agriculture is widespread.

Agriculture as a whole is less vulnerable to rainfall

variability due to the widespread adoption of advanced
agro-technology, highly efficient irrigation techniques,
reliable wastewater reuse and state-of-the-art water

and soil conservation techniques. Water demand for
everyday domestic uses is met through the use of efficient
technologies and effective, equitable tariffs are in place.
Power generation has increasingly adopted water efficient
techniques (e.g. dry cooling), the proportion of less water
intensive renewable energy (e.g. wind, solar PV and
geothermal) has increased dramatically, and the development
of sustainable hydropower installations in sub-Saharan

Africa and South-East Asia has helped provide electricity to
hundreds of millions of people who were previously unserved.
Implementation and enforcement of water use regulation,

in combination with development and adoption of water-
efficient manufacturing processes, has limited the water
demand for industry, prompting economic development.

Ecosystem-based management and other environmental
interventions that build resilience have been widely adopted,;
these interventions also support protection of water sources,
catchments and riverbanks and promote conservation and
efficient use of water in agriculture and other economic
activities.

Sustainable production and consumption patterns related

to water are achieved based on consistent and transparent
water accounting systems that quantify water flows in the
economy and the environment, providing clear and relevant
information about related impacts. In this context, effective
decoupling of economic growth from water resource use
and negative environmental impacts has been accomplished.

Water is a key consideration for all sectors that use it as

a resource through production chains, resulting in better
supply and demand management. Efficiency measures
such as rainwater harvesting and wastewater reuse

are mainstreamed. Global markets and trade flows are
monitored through a global water sensitivity certification
scheme that ensures water-intensive products are exported
from areas with comparatively little or no water stress.

The economic value of water has been recognized and all
forms of economic enterprise take consideration of the
water implications of their actions. Explicit, transparent and
equitable regulation mechanisms are in place to address
water allocation, distribution, access and management,
without risk of corruption.



The world’s major transboundary basins and aquifers are
managed in a collaborative manner among the multiple
states involved, leading to improvements in quality and
ecological conditions as well as improved relations, capacity
and benefit-sharing among neighbouring countries. Flexible
multi-stakeholder water governance frameworks are
commonplace, as are examples of cooperation, knowledge
and technology transfers, and on-going participatory
dialogue at all levels: local, national, regional and global.

At the national level, governments rely on an integrated
water resources management (IWRM) approach. IWRM

is based on a sound and systematic knowledge of the
resource, both surface and groundwater, and of its current
state. It supports effective and adaptive decision-making
across a broad policy spectrum, including agriculture and
food security, energy, industry, financing, environmental
protection, public health and public security.

Financing for a wide range of water-related infrastructure
and services, including operation and maintenance, has
become a central element of government expenditure. A
flexible approach has been adopted to achieve financial
sustainability with on-going exploration of alternative
financing options. Financing from non-governmental sources
(including self-financing) and equitable tariffs support the
public sector in achieving complete coverage of water
management costs. This in turn has created an environment
that encourages private sector involvement because of the
lower risks to investment. Improved guidelines, legislation,
licensing agreements and contracts also support sustainable
financing for water-related infrastructure and services. Life-
cycle planning approaches have improved understanding

of the short-term, mid-term and long-term costs associated
with development, maintenance and replacement of water
systems. Mid-course corrections are also possible due to a
flexible approach to financing for water. In using such an
approach, investment plans are transparent and accessible,
thus promoting accountability and participation from
stakeholders. The principle that sustainable financing is
necessary for ensuring universal access to water services
underpins this integrated approach.

Technology, better management approaches and effective
early warning systems enable rapid adaptive responses to
variations in water availability and extreme water-related
events. Despite massive reductions in greenhouse gas
emissions GHG emissions worldwide, impacts from such
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extreme events are still increasing as a result of decades of
human-induced climate change. Surface and groundwater,
conjunctively managed, are at the centre of climate adaptation
strategies, and improved and expanded water storage
capacities create buffers for periods of water shortages.

The importance and value of ecosystems, and the services
they deliver through water, are widely recognized.
Appropriate steps to protect key aquatic systems have

been taken through basin-wide cooperation to ensure that
water abstraction remains compatible with hydrological

and environmental sustainability, pollution is eliminated,

and ecosystems are restored to provide climate-resilient
sources of freshwater. Human and natural infrastructures
are mutually reinforcing, and their coordinated management
increases benefits while reducing costs. Cities are redesigned
to give public access to natural watershed community

parks that, in addition to providing direct benefits in terms
of overall living standards, foster broad-based citizen
stewardship over water.

Equity, non-discrimination, participation and accountability
have become key principles in water governance. National
laws support the mainstreaming of the human rights-based
approach to water, which helps correct potential imbalances
and avoid social exclusion. Over the period 2015-2030, the
greenhouse gas emissions SDGs and targets, including an
SDG specifically dedicated to water, helped muster political
will, trigger public support and mobilize investments
between. Although these alone were not enough to

secure sustainable water for all, they led to new efforts

and international conventions that take full account of the
opportunities and limitations imposed by water on various
other development goals, leading to cross-cutting synergies
among sectors and actors. Policymakers, politicians,
regulators, the judiciary, educators, allocators of resources,
academics and members of civil society organizations are
able to work together within their own areas of expertise

to advance shared norms, protocols and understanding of
water as a resource and how best to consume and protect it.

Water’s role in underpinning all aspects of sustainable
development has become widely recognized. It is now
universally accepted that water is an essential primary
natural resource upon which nearly all social and economic
activities and ecosystem functions depend.

Getting there was not easy.
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Unsustainable growth

WWAP | Richard Connor, Joana Talafré, Erum Hasan and Evisa Abolina

Unsustainable development pathways and governance
failures have generated immense pressures on water
resources, affecting its quality and availability, and in turn
compromising its ability to generate social and economic
benefits. The planet’s capacity to sustain the growing
demands for freshwater is being challenged, and there can
be no sustainable development unless the balance between
demand and supply is restored.

Global gross domestic product (GDP) rose at an average
of 3.5% per year from 1960 to 2012 (World Economics,
2014), and much of this economic growth has come at a
significant social and environmental cost. During this same
period, population growth, urbanization, migration and
industrialization, along with increases in production and
consumption, have generated ever-increasing demands
for freshwater resources. These same processes have

also contributed to the polluting of water resources,

further reducing their immediate accessibility and thus
compromising the capacity of ecosystems and the natural
water cycle to satisfy the world’s growing demand for water
(MEA, 2005a).

1.1 Increasing global water demand

Global water demand is largely influenced by population
growth, urbanization, food and energy security policies, and
macro-economic processes such as trade globalization and
changing consumption patterns.

Over the past century, the development of water resources
has been largely driven by the demands of expanding
populations for food, fibre and energy. Strong income
growth and rising living standards of a growing middle
class have led to sharp increases in water use, which can be
unsustainable, especially where supplies are vulnerable or
scarce and where its use, distribution, price, consumption

CHAPTER 1
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and management are poorly managed or regulated.
Changing consumption patterns, such as increasing meat
consumption, building larger homes, and using more motor
vehicles, appliances and other energy-consuming devices,
typically involves increased water consumption for both
production and use.

Demand for water is expected to increase in all sectors of
production (WWAP, 2012). By 2030, the world is projected
to face a 40% global water deficit under the business-as-
usual (BAU) scenario (2030 WRG, 2009).

Population growth is another factor, but the relationship

is not linear: over the last decades, the rate of demand

for water has doubled the rate of population growth
(Shiklomanov, 1999; USCB, 2012). The world's population is
growing by about 80 million people per year (USCB, 2012).
It is predicted to reach 9.1 billion by 2050, with 2.4 billion
people living in Sub-Saharan Africa, the region with the
most heterogeneously distributed water resources (UNDESA,
2013a).

Increasing urbanization (see Chapter 6) is causing specific
and often highly localized pressures on freshwater resource
availability, especially in drought-prone areas. More than
50% of people on the planet now live in cities, with 30%
of all city dwellers residing in slums. Urban populations

are projected to increase to a total of 6.3 billion by 2050
(WWAP, 2012). Developing countries account for 93% of
urbanization globally, 40% of which is the expansion of
slums. By 2030, the urban population in Africa and Asia will
double (UN-Habitat, 2010).

Excessive water withdrawals for agriculture and energy (see
Chapters 7 and 8) can further exacerbate water scarcity.
Freshwater withdrawals for energy production, which
currently account for 15% of the world's total (WWAP, 2014),
are expected to increase by 20% through 2035 (IEA, 2012).
The agricultural sector is already the largest user of water
resources, accounting for roughly 70% of all freshwater
withdrawals globally, and over 90% in most of the world's
least-developed countries (WWAP, 2014). Practices like
efficient irrigation technigues can have a dramatic impact on
reducing water demand, especially in rural areas.

Many of the pressures that impact water sustainability occur
at local and national levels, and are influenced by rules and
processes established at those levels. Increasingly, however,
the rules and processes that govern global economics —
investment of capital, trade, financial markets, as well as
international aid and development assistance — influence
local and national economies, which in turn dictate local
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water demand and the sustainability of water resources at
the basin level (UNDESA, 2012).

1.2 Potential impacts of increasing demand
Competing demands will lead to increasingly difficult
allocation decisions and limit the expansion of sectors critical
to sustainable development, in particular food production
and energy. Inter-sectoral competition and the delicate
trade-offs between energy and agricultural production can
already be seen in the debate about biofuels. Production

of biofuel from food crops, such as corn, wheat and palm

Population growth, urbanization,
migration and industrialization,
along with increases in production
and consumption, have generated
ever-increasing demands for
freshwater resources

oil, has induced additional competition for land and water
even within the agricultural sector, especially in regions
already under water stress (HLPE, 2013), and has also been
associated with increased food prices. Growing food crops
for biofuel has spurred debate over ethical considerations
regarding future food security as well as existing efforts to
combat malnutrition (Pimentel et al., 2008).

Increasing industrial production (see Chapter 9) will also
lead to increased water use, with potential impacts on
water quality. In certain areas where water use for industrial
production is not well-regulated or enforced, pollution could
increase dramatically, closely linking increasing economic
activity with the degradation of environmental services.

Competition for water between water ‘uses’ and water
‘users’ increases the risk of localized conflicts and continued
inequities in access to services. In this competition, the

need to maintain water and ecosystem integrity in order

to sustain life and economic development is often ignored
(see Chapter 4). Frequently, the environment, as well as
marginalized and vulnerable people, are the biggest losers in
the competition for water.

Inter-state and regional conflicts may also emerge due

to water scarcity and poor management structures. It is
noteworthy that 158 of the world’s 263 transboundary
water basins lack any type of cooperative management
framework. Of the 105 water basins with water institutions,

UNSUSTAINABLE GROWTH 11



12

approximately two-thirds include three or more riparian
states (adjacent to rivers and streams); yet, less than 20%
of the accompanying agreements are multilateral (UNEP,
2002). This indicates that the mechanisms, political will and/
or resources to manage shared water resources bilaterally
or multilaterally and share potential benefits efficiently and
effectively are missing.

Competition over water highlights the difficult policy
choices that are posed by the water-food-energy-nexus

and the trade-offs involved in managing each sector, either
separately or together. These three pillars of any functioning
society are closely interlinked, and choices made in one
area will inevitably impact the choices and hence resources
available in the others (WWAP, 2014).

Over-abstraction is often the result of out-dated models

of natural resource use and governance, where the use

of resources for economic growth is under-regulated and
undertaken without appropriate controls. Unsustainable
withdrawals of surface and groundwater can severely

affect water availability for ecosystems and the services

they provide, with significant impacts on local economies
and human well-being. Inadequate assessment of water
resources, especially groundwater (Section 1.4), and in some
cases a disregard of information when it is available, have

Total renewable water resources per capita (2013)

contributed to water resources management failures in
many parts of the world.

If institutional mechanisms within governments and other
governance structures continue to follow narrow objectives
along sector-specific mandates, fundamental disconnects
will continue to occur. This situation has already led to
negative impacts for the most vulnerable and marginalized
people; accelerated ecosystem degradation; depleted natural
resources; and slowed progress towards development goals,
poverty reduction and conflict mitigation (Bonn2011 Nexus
Conference, 2012).

1.3 Water resources: Status and availability
The distribution and availability of freshwater resources,
through precipitation and runoff, can be erratic, with
different areas of the globe receiving different quantities
of water over any given year. There can be considerable
variability between arid and humid climates and over wet
and dry seasons. However, compounded yearly averages
show significant variations in per capita water availability
between countries (Figure 1.1).

Climate change will exacerbate the risks associated with
variations in the distribution and availability of water
resources (see Chapter 10). Increasing variability in

»
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countries except Andorra and Serbia, external data), and using UN-Water category thresholds.
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precipitation patterns, which many countries have already
begun to experience, are leading to direct and indirect
effects on the whole of the hydrological cycle, with changes
in runoff and aquifer recharge, and in water quality (Alavian
et al., 2009). In addition, higher water temperatures due
both to warmer climates and increasing discharges of waste
heat, are expected to exacerbate many forms of pollution.
These include sediments, nutrients, dissolved organic carbon,
pathogens, pesticides and salt, as well as thermal pollution,
with possible negative impacts on ecosystems, human
health, and water system reliability and operating costs
(Bates et al., 2008).

Groundwater plays a substantial role in water supply, in
ecosystem functioning and human well-being. Worldwide,
2.5 billion people depend solely on groundwater resources
to satisfy their basic daily water needs, and hundreds of
millions of farmers rely on groundwater to sustain their
livelihoods and contribute to the food security of so many
others (UNESCO, 2012). Groundwater reportedly provides
drinking water to at least 50% of the global population
and accounts for 43% of all water used for irrigation
(Groundwater Governance, n.d.). Groundwater also sustains
the baseflows of rivers and important aquatic ecosystems.
Uncertainty over the availability of groundwater resources
and their replenishment rates pose a serious challenge to
their management and in particular to their ability to serve
as a buffer to offset periods of surface water scarcity (van
der Gun, 2012).

Groundwater supplies are diminishing, with an estimated
20% of the world’s aquifers being over-exploited (Gleeson
et al., 2012), leading to serious consequences such as
land subsidence and saltwater intrusion in coastal areas
(USGS, 2013). Groundwater levels are declining in several
of the world's intensely used agricultural areas and around
numerous mega-cities (Groundwater Governance, n.d.).
In the Arabian Peninsula, freshwater withdrawal, as a
percentage of internal renewable water resources, was
estimated at 505% in 2011 (FAO AQUASTAT), with
significant volumes of groundwater reserves being
transboundary in nature (UNESCWA/BGR, 2013).

Water availability is also affected by pollution. Most
problems related to water quality are caused by intensive
agriculture, industrial production, mining and untreated
urban runoff and wastewater. Expansion of industrial
agriculture has led to increases in fertilizer applications.
These and other industrial water pollutants create
environmental and health risks. Excessive loads of nitrogen
and phosphate, the most common chemical contaminants in
the world’s freshwater resources (WWAP, 2009), contribute
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to the eutrophication of freshwater and coastal marine
ecosystems, creating ‘dead zones' and erosion of natural
habitats (UN-Water, 2013).

The human interference with phosphorus and nitrogen
cycles is well beyond safe thresholds. Eutrophication of
surface water and coastal zones is expected to increase
almost everywhere until 2030 (UNDESA, 2012). Thereafter, it
may stabilize in developed countries, but is likely to continue
to worsen in developing countries. Globally, the number of
lakes with harmful algal blooms will increase by at least 20%
until 2050. Phosphorus discharges will increase more rapidly
than those of nitrogen and silicon, exacerbated by the rapid
growth in the number of dams (UNDESA, 2012).

The disruption of ecosystems through unabated urbanization,
inappropriate agricultural practices, deforestation and
pollution is undermining the environment's capacity to
provide basic water-related services (e.g. purification,
storage). Degraded ecosystems can no longer regulate

and restore themselves; they lose their resilience, further
accelerating the decline in water quality and availability (see
Chapter 4).

Global environmental degradation, including climate
change, has reached a critical level with major ecosystems
approaching thresholds that could trigger their massive
collapse (UNDESA, 2012). This is a result of past failures

to design decision-making mechanisms that would
appropriately govern the global and national commons

and the earth’s shared natural resources. Despite efforts

to create cooperation around environmental treaties and
agreements, decisions directly affecting environmental issues
are often taken outside of environmental policy circles. Any
predominance of economic logic without the integration of
social and environmental considerations, as it currently exists
in many development approaches, means that long-term
environmental objectives may be set aside in favour of short-
term economic goals.

1.4 Constraints on water resources
management

The previous sections of this chapter have provided a
summary view of the processes that drive increasing
demands for water, their potential consequences and what
these could mean for water resources. However, there are
additional constraints that pose significant challenges to
improving water resources management. These transcend
any type of pressure-state-response analysis, yet they are
tangible and merit a critical level of consideration when
addressing water-related issues in the context of sustainable
development.
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1.4.1 Persistent poverty

Persistent poverty is usually the result of a vicious cycle

in which limited income converges with limited access to
resources. Safe water and sanitation are precursors to health
care, education and jobs (see Chapter 2). For the last 15
years, eradication of extreme poverty and hunger has been
the number one priority under the MDGs. Nevertheless,

as of 2012, 1.2 billon people still lived in extreme poverty
(Lockhart and Vincent, 2013), the majority located in slums,
often lacking adequate drinking water and sanitation
services (UN-Habitat, 2011). The global limit of ecological
sustainability of water available for abstraction is reported
to have been reached (Barker et al., 2000). Regionally, this
limit has already been exceeded for about one-third of the
human population and it will rise to about half by 2030
(WWAP, 2012). Apart from access to sanitation and clean
drinking water, the world’s 850 million rural poor also lack
access to water for agricultural production, which is usually
their primary source of income (Soussan and Arriens, 2004).
Without access to improved agricultural water management,
poverty in these regions will persist (Namara et al., 2010).

Women and youth are disproportionately impacted both by
water scarcity and the lack of safe drinking water, increasing
the vulnerability associated with persistent poverty. Water
policies are often based on generalized perspectives that
lack gender perspectives and local knowledge (WWAP,
2012). By failing to integrate gender considerations in

water resources management and also in sectors such as
agriculture, urban water supply, energy and industry, gender
inequities will persist, preventing the adoption of innovative
solutions that may be put forth by women (WWAP, 2012).

In most countries (...) funding
for water infrastructure is neither
adequate, nor sustainable

14

1.4.2 Discrimination and inequalities in access to
drinking water and sanitation services

Socio-economic inequalities, and the lack of policies to
effectively address them, were among the main obstacles
to the achievement of MDGs in general and improved
access to sanitation and safe drinking water in particular
(Donat Castell et al., 2010). Many people around the globe
including women, children, the elderly, indigenous peoples
and people with disabilities have lower levels of access to
safe drinking water, hygiene or sanitation facilities than
other groups (see Chapter 5). While access to safe drinking
water and sanitation is recognized as a basic human right,
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discrimination based on ethnicity, religion, economic class,
social status, gender, age or physical abilities often restricts
people from accessing land and water resources and related
services. Such exclusion has long-term social and economic
effects, as the disadvantaged are more likely to remain poor,
lacking opportunities for education, employment and social
engagement.

Population dynamics also affect access. High urbanization
rates in many countries have not been matched by
governments’ ability to provide adequate drinking water and
sanitation infrastructure and improved service delivery (UN-
Habitat, 2011). Human migration from rural to urban areas
is posing a continuous challenge to the provision of basic
drinking water and sanitation services, especially in poor
peri-urban and slum areas, as well as to public health, in
particular to prevent outbreaks of cholera and other water-
related diseases (WHO and UNICEF, 2014a).

In the rural context, which require different systems to
those generally found in urban settings, providing adequate
drinking water and sanitation is also challenging. The lack
of infrastructure and services means that many people do
not have access to adequate sanitation and must rely on
unsafe water supplies. The lack of access to safe drinking
water coupled with other shortages of basic services, scarce
resources and limited income-generating possibilities, can
further entrench vulnerability.

1.4.3 Insufficient and unsustainable financing for
water resources management and services

Water services remain rather low on the scale of policy
priorities, despite well-documented contributions to human
and economic development. When compared with other
development sectors, particularly education and health,
sanitation and drinking water services receive a relatively
low priority for both official development assistance

(ODA) and national expenditure (UNDESA, 2013a). This
under-prioritization of water directly contravenes a State’s
obligation to expend maximum available resources to
promote the progressive realization of the human right to
water and sanitation for all persons, without discrimination.
Financing for water resources management is also usually a
low priority, in spite of it being a cornerstone of economic
growth (see Chapter 3) (SIWI, 2005).

In most countries, funding for water infrastructure comes
from government allocations, although many developing
countries still depend on external assistance to fund water
resources management and utilities. This is neither adequate,
nor sustainable. Most countries report that information
required for adequate financial planning in the water



The terms ‘safe’ and ‘improved’ in the MDG context

When it was first devised, the objective of the water target in the Millennium Development Goals was to ensure access to ‘safe’
drinking water. The precise wording is as follows:

Goal 7: Ensure environmental sustainability
Target 7.C: Halve, by 2015, the proportion of the population without sustainable access to safe drinking water and basic sanitation.

There were no practical means, however, to measure the ‘safety’ of the water sources people use. The WHO AND UNICEF Joint
Monitoring Programme (JMP) for Water Supply and Sanitation started using the proxy indicator of an ‘improved’ water source
for monitoring Target 7.C:

Indicator: Proportion of population using an improved drinking water source

All'improved’water sources are not necessarily ‘safe’ An improved water source is one where human use is kept separate
from use by animals and faecal contamination. In many cases the water from such sources is not of good enough quality to
be safe for human consumption (Bain et al, 2014).

Various estimations of the number of people who use ‘improved’sources that are not ‘safe’now exist and these indicate that
billions of people do not have access to water that is truly safe. See, for example, the UN Report of the High-Level Panel of
Eminent Persons on the Post-2015 Development Agenda (UN, 2013a). The number of people without ‘safe’ water could be

as large as those who do not have access to basic sanitation (about 2.5 billion), for which progress is unsatisfactory by nearly
all accounts. In its latest report, the WHO/UNICEF JMP recognizes and explains the inadequacy of the improved water proxy
indicator and outlines plans for strengthening monitoring and encouraging safe management of water sources and sanitation
services. lts commissioned studies have found that, at any given time, 1.8 billion people are using a source of drinking water
that is faecally (TBC)-contaminated (Bain et al., 2014).

The unintended consequence of using the proxy indicator improved water source’for the ‘safe’ drinking water target is that
the indicator has redefined the target by default; therefore, the original ambition of MDG 7.C has been downgraded. The
claim that the original target has been reached is misleading, because what has really been met is a new and unintended MDG
target for improved’ water. This redefinition of the original target can send decision-makers in the wrong direction, leading

them to believe that target 7.C has been met and a problem solved, when in reality much still remains to be done.

Contributed by AquaFed (www.aquafed.org/).

services sector, such as information on users and their
potential contributions, is insufficient. Costs of infrastructure
operation and maintenance are often neglected or not well
factored into water mobilization projects. As a result, many
water systems are inadequately maintained, leading to
damages, losses, unreliability, and decreasing quality and
quantity of service to users. Financing is reported to be
particularly inadequate for sanitation, with drinking water
absorbing the majority of funding available particularly

in developing countries (WHO, 2012a). Financing for
wastewater treatment is chronically neglected.

Despite persistent management obstacles relating to
financing in the water sector, over 50% of countries low
in the Human Development Index (HDI) have reported
that financing for water resources development and
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management from government budgets and official
development assistance have been increasing over the last
20 years (UN-Water, 2012).

1.4.4 Data and information

Monitoring water availability, use and the related impacts,
represents a massive and persistent challenge. Reliable
and objective information about the state of water
resources, their use and management is often poor, lacking
or otherwise unavailable. Worldwide, water observation
networks provide incomplete and incompatible data

on surface and groundwater quality and quantity, and

no comprehensive information exists on wastewater
generation and treatment (WWAP, 2009). Various studies
and assessments provide a snapshot of the state and use
of water resources at a given time and place, but generally
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do not provide a broader, more complete picture of how
different dimensions of water are changing over time in
different parts of the world.

In the context of sustainable development, where water
is often a key driver — and a potential limiting factor — for
economic growth, human well-being and environmental
health, this lack of information and knowledge creates
barriers to cohesive policy formulation and sound decision-
making on developmental objectives. For example, there
are often too few reliable metrics on which to track the
outcomes of water productivity improvement measures
(WWAP, 2014).

From an economic perspective, there is a need to couple
data and information on water resources and their use with
indicators of growth in various economic sectors in order
to assess its role and contribution in terms of economic
development, and to garner a better understanding of its
consequences on the resource and different users. Similarly,
quantifying water’s role in maintaining healthy ecosystems
is often limited to the determination of ‘environmental
flows’ (i.e. the quantity and timing of water flows required
to sustain freshwater ecosystems). Although an important
and useful tool for managing freshwater ecosystems,
environmental flows are often based on the requirements
of certain indicator species and may not take full account of
the interconnections between ecological systems and their
impacts on economic and social development.

In terms of human well-being, much of the focus has been
on monitoring access to safe water supply and sanitation
services, which has in large part been driven by MDG target
7.C. Here too, data and information challenges persist,
including the difficulty in translating the term ‘safe’ into a
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measurable metric (see Box 1.1). Water quality testing is

still not available in most countries, making it difficult to
determine if improved sources actually deliver ‘safe’ water
to the user or whether the risks of contracting water-related
diseases remain. Furthermore, most countries do not report
on other aspects of access to ‘safe’ water such as the
quantity available, possible security threats including as risks
on the journey to fetch water, frequency and duration of
access or supply, and water’s potentially prohibitive cost (Dar
and Khan, 2011).

Although real progress has been made, full compliance
with the human right to access safe drinking water clearly
requires something that is significantly better than many
of the improved sources that people have to use. This
situation also highlights the need to select target indicators
based on good (and readily available) data, and to craft
and implement good monitoring mechanisms. The MDG
indicators focused on aggregate outcomes, which masked
the fact that access improvements often did not reach the
most vulnerable groups such as the elderly poor, people
with disabilities, women and children. Indicators that
disaggregate data by gender, age and social group pose
both a challenge and an opportunity for the SDGs in the
post-2015 development agenda (UN-Water, 2013).

While data availability and quality remain a concern, a
limited number of core indicators pertaining to various
aspects of water resources, services, uses and management
in the context of sustainable development are available.
Several of these indicators are used in this Report. They

are compiled and presented in Case studies and Indicators
report (WWAP, 2015).
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The Prologue presents an ideal future where water resources are developed and used sustainably for
the benefit of all. Although this vision for water is fully attainable by 2050, a number of obstacles
related to unsustainable growth, as well as other challenges described in Chapter 1, will first need to
be overcome.

A water-secure world is more than a goal unto itself. It is a critical and necessary step towards a
sustainable future. Progress in each of the three dimensions of sustainable development - social,
economic and environmental — is bound by the limits imposed by finite and often vulnerable water
resources and the way these resources are managed to provide services and benefits. It is therefore
imperative that the role of water is taken into account, when seeking to address all major sustainable
development objectives.

Part 1 of this Report, presented in three chapters, explores the complex linkages between water and
the three dimensions of sustainable development. Chapter 2 examines water and the social dimension
of sustainable development with a focus on poverty. Chapter 3 presents a series of sound arguments
that show how water is a central pillar of sustainable economic growth. Chapter 4 describes the
fundamental and irreplaceable role of ecosystems and the services they provide in the context of
water and sustainable development.
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2.1 The water and poverty relationship

A daily struggle for water is one of the terrible burdens of
poverty, especially for women and girls who spend endless
hours fetching water over long distances. Sources of water
are often unclean or unaffordable, or groups are simply cut
off from using a particular water source. Many poor urban
dwellers have to pay very high water prices to informal
water vendors or do without water. Not having sufficient
and safe water means constant weakness and pain through
recurrent diarrhoea and other debilitating or fatal water-
related diseases. It leads to loss of time, educational and
employment opportunities. Low incomes and limited access
to water also means choosing between paying for water,
food, school fees or medicines. Around the world, 748
million people lack access to an improved drinking water
source, while billions more lack drinking water that is really
safe. In 2012, 2.5 billion people did not have access to an
improved sanitation facility (WHO and UNICEF, 2014a).

Access to water for household uses is critical for a family's
health and social dignity. Access to water for productive uses
such as agriculture and family-run businesses is vital to realize
livelihood opportunities, generate income and contribute

to economic productivity. Almost one-fifth of the world's
population — about 1.2 billion people - live in areas where
water is physically scarce (UN-Water/FAO, 2007). One quarter
of the global population also live in developing countries
that face water shortages due to weak governance and
human capacities, and a lack of infrastructure to transport
water from rivers and aquifers (Comprehensive Assessment
of Water Management in Agriculture, 2007). In practice, this
means fewer opportunities to make use of water resources
to grow food and for other productive purposes.

Access to water is linked to poverty. Reducing poverty
through water management is a useful pro-poor framework
for action, allowing for the introduction of inter-related issues
of governance, water quality, access, livelihood opportunities,
capacity-building and empowerment, water-related disaster
prevention and management, and ecosystem management.

Access to water is also about access to land. In most cases,
access to and ownership of land implies access to the water
that passes through, lies beneath the surface or comes from
the sky. The land-water interdependency is often overlooked
and handled under separate governance structures.

Water supply investments: The importance of governance and financing for reducing poverty

Weak governance, in combination with low incomes and costs of services, make it much harder for poor people to acquire
sustainable access to water. Even in situations where investments are made, sustainability remains a serious challenge. As
much as 30% to 50% of water supply projects fail after two to five years. Though figures differ between countries, about 30%
or more of water supply points are non-functioning, with another 10% to 20% being only partially functional. “Figures collated
by the Rural Water Supply Network indicate an average rate of 36% non-functionality for hand pumps across 21 countries in
sub-Saharan Africa!This level of failure represents a total investment of between US$1.2 billion and US$1.5 billion in the last
20 years. A European Union evaluation report of 23 water supply and sanitation projects in sub-Saharan Africa found that
equipment was generally installed as planned, but fewer than half of the projects'results meet the needs of beneficiaries. A
majority of the projects were potentially sustainable in the sense of using standard technologies and local materials. However,
their results and benefits will not continue to flow in the medium and long term unless non-tariff revenue is ensured; or
because of institutional ineffectiveness to regulate, monitor, collect service fees, manage procurement processes, and collect
and disseminate information, or deficiencies in the capacities of operators to run the equipment installed.

Sources: ECA (2012); IRC (2009) and RWSN (2010).

Note: The evidence on unsustainable water, sanitation and hygiene (WASH) investments is mounting; see, for example, Ministry of Foreign Affairs of
the Netherlands (2012).
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The relation between water and poverty is a two-way street.

Poverty itself can have negative effects on the management
of water resources and services. The desperation and
limitations arising from poverty can be a driver of pollution
and unsustainable use of water resources. Poverty can also
render existing investments in water less efficient, since
households and communities often find it difficult to
finance, operate and maintain infrastructure such as rural
water pumps. This poses a serious threat to long-term
development and poverty reduction (Box 2.1).

2.2 The equity challenge

Great strides have been made in many countries — such as
Brazil, China and India - to reduce poverty. The Human
Development Report (HDR) 2013 suggests that by 2020
the combined economic output of these countries alone

will surpass the aggregate production of Canada, France,
Germany, ltaly, the United Kingdom and the United States
(UNDP, 2013). Much of this expansion is being driven by
new trade and technology partnerships within the South.
However, economic growth itself is not a guarantee for
wider social progress. Poverty still remains at unacceptable
levels even in these three countries, as elsewhere. In many
developing countries, there is a wide — and often widening
— gap between rich and poor, and between those who can
and cannot exploit new opportunities arising from economic
growth. This means that access to good schools, health care,
electricity, safe water and other critical services still remains
elusive for many people who live in economies on the rise.
Other challenges, such as economic shocks, food shortages
and climate change, threaten to undercut economic and
social progress made in recent years.

Safeguarding the interests of poor people: Global trends with local effects

CHAPTER 2

According to the Water Governance Facility (WGF, 2012), “Most vulnerable in a world of greater water insecurity are poor
people living in informal urban settlements and those in rural areas whose livelihoods are dependent upon rainfed agriculture
or the availability of grasslands and water for grazing animals. Protecting the rights of such people and avoiding elite capture
of the resource and the benefits derived from it require tools that foster a more equitable allocation of scarce water resources!’

Two global trends are converging: climate change, and growing economic development in least developed countries (LDCs)
and emerging economies. This convergence is certain to intensify the water insecurity of poor and marginalized people in

low income countries and add to the urgency for new approaches to the allocation of water resources for development. The
OECD Environmental Outlook to 2050 (OECD, 2012a) estimates that by 2050 water demands from manufacturing industries and
thermal power generation will increase dramatically, especially in developing countries and the BRICS (the five major emerging
national economies of Brazil, Russia, India, China and South Africa). In the manufacturing industry alone, the share of total
water demand by 2050 is expected to increase from 7% to 22%. The water demand increase in BRICS will be sevenfold, while in
developing countries it will come close to increasing by 400%. In OECD countries, an increase is expected of some 65%. While
such increased demand for water can indicate positive economic growth ahead it also implies the huge challenge of how to
allocate scarce water between and within different sectors such as industry, energy, agriculture and domestic use. There is also
the huge challenge of how different groups, such as poor people, will be affected.

“To allocate water in ways that are efficient, equitable and sustainable in a world of increasing demand and more variable
water supplies, the following issues could be considered:

Market mechanisms (trading systems and full-cost pricing through valuation) excel in the efficiency arena, but can fall short
when the goal is to realize the right to water and sanitation or when externalities that impact environmental sustainability
are not taken into account.

From an efficiency perspective, when markets do not fully capture the total value of water, other mechanisms have to be
engaged to allocate water to the highest value uses and users. Yet what constitutes ‘efficiency’and ‘highest value uses and
users'is often subjective. People living at the margins seldom qualify as high value users, yet good development practice
demands that their needs be given priority.

Conflict resolution mechanisms and rubrics for managing trade-offs are often needed to facilitate water sharing among
competing users such as upstream and downstream stakeholders. Ensuring that powerful interests do not dominate or
entirely capture the process requires robust safeguards to ensure that poor people can participate meaningfully, hold
officials to account and access information.” (WGF, 2012)

WATER AND THE THREE DIMENSIONS OF SUSTAINABLE DEVELOPMENT



The Global Risks 2014 report finds that income disparity
is the risk most likely to cause an impact on the global
scale in the next decade (WEF, 2014a). More than 80%
of the world’s population live in countries where income
differentials are widening (UNDP, 2007). The HDR 2013
identified four key areas to keep the momentum of
economic growth: (a) enhancing equity, including the gender
dimension; (b) enabling greater voice and participation of
citizens, including youth; (c) confronting environmental
pressures; and (d) managing demographic change (UNDP,
2013).

Development is about improving people’s well-being,
giving them a say in the decisions that affect their lives,
and expanding their freedoms, choices and opportunities.
From this perspective, the way in which water resources
are allocated in countries around the world is deeply
problematic. Water resource allocation for a range of
productive purposes, from agriculture to industry to
ecosystem services, is typically inequitable. Generally
speaking, comparatively powerless groups tend to be shut
out of access to water, as well as the processes whereby
allocation decisions are made. Although integrated water
resources management (IWRM) approaches are guided by
a balanced concern for economic efficiency, environmental
sustainability and social equity, in practice, the social equity
goal is often given less priority when water allocation
decisions are made (WGF, 2012).

Non-inclusive growth coupled with inappropriate allocation
of water resources and services and increasing demand for
water by industry, agriculture and households run the risk
of making societies more unstable and prone to tensions
and conflicts. While demand is expected to continue

to grow as a result of economic growth and changing
consumer preferences, much can be done in the ways water
is allocated and used. There is a need for more effective
allocation mechanisms that also take into account the
interests of poor people, and that can mediate grievances
between different users (Box 2.2).

2.3 Key dimensions of poverty reduction
Water and economic development are closely associated,
and poverty-oriented water interventions can have

direct, immediate and long-term social, economic and
environmental results, making a difference to billions of
people. Investing in improved water management and
services is a prerequisite to reducing poverty and achieving
sustainable economic growth. Poor people receive very
direct benefits from improved water and sanitation services
through better health, reduced health costs, increased
productivity and time-savings. Improved management of
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water resources management can provide fewer risks and
increased productivity gains across and within sectors —
such as land, energy, food, and mining — and upkeep of
ecosystem services.

Water management contributes to four key dimensions of
poverty reduction (UNDP/SEI, 2006):

Enhanced livelihoods security relates to incentives
provided to poor people to develop abilities and make use
of their assets to earn an acceptable living. Access to water
is key to realizing livelihood opportunities and continuity of
water flows determine the status and integrity of ecosystem
services on which poor people are directly dependent, such
as fishing or grazing of cattle. Reliable water supplies are

Comparatively powerless
groups tend to be shut out of
not just access to water but also
the processes whereby allocation
decisions are made

critical for a range of food production activities including
irrigation, rearing of livestock, aquaculture, horticulture
and other types of production in rural and certain urban
areas. It is therefore critical that water interventions support
diversified domestic livelihood opportunities such as
vegetable production, pottery or laundering.

Reduced health risks relates to mitigating the social and
environmental factors that put poor and vulnerable groups
— especially women and children — at high risk from diseases

“One usual working day in Europe”
Photo: Svetlana Punte/European Commission DG EMPL
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and poor nutrition leading to premature death. Water-
borne diseases, such as diarrhoea and water-related vector-
borne diseases like malaria are among the leading causes
of death, especially affecting children and other vulnerable
groups. Increased access to safe water, basic sanitation and
better hygiene is one of the most effective ways to improve
health and reduce poverty. From an economic perspective
it is a highly attractive investment since the rate of return is
in excess of those found in many so-called productive uses.
Another effective strategy to alleviate poverty is to enhance
the design of water infrastructure and water management
in, for example reservoirs and irrigation structures, to reduce
vector-borne disease transmission.

Reduced vulnerability implies reducing the risks and
impacts of hazards related to volatile politics and economics
as well as unsustainable environmental trends and shocks
from water-related natural disasters. For example, floods
and droughts undercut development and can lock people
in to poverty and desperation. Long-term trends of
degrading ecosystems, increased rainfall variability, water
pollution and land degradation place additional strains on
poor people and long-term development. Investment in
improved water storage to ‘even out’ water access in and
between rainy seasons and support preparedness for flood
management is also an imperative part of any poverty
reduction strategy.

Economic growth for poverty reduction is also critical.
However, what matters is the quality of growth and how
new wealth in a society is distributed. Water management
and services provision are catalysts for such growth,
which must create new livelihood opportunities for poor
people. Water provides livelihood and entrepreneurial
opportunities in various productive areas at many levels to
develop supplying technologies, services and constructions.
The untapped potential of local entrepreneurs needs to

be realized since it can generate high returns for local
economies in terms of jobs and multiplier effects (see
Chapter 3). Major water infrastructure developments can
generate significant national as well as regional economic
benefits, and lessen vulnerabilities related to food and
energy security. Such investments need to be done with
proper impact assessments and in collaboration with
other countries whenever relevant. These investments are
not a panacea, however, and need to be accompanied by
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smaller-scale investments in relation to irrigation, power
generation, crop diversification, institutional development,
better access to markets by farmers and rural artisans, and
capacity development. A diversified investment strategy is
required to make good progress in reducing poverty.

2.4 Targeting gender equality

Improved gender equality is a key to boosting water
management and access. The past two decades have

seen a significant increase in gender awareness and the

role women play to promote improved access to and
management of water. However, in spite of a big push to
mainstream gender in national development plans and
policies, results on the ground remain rather limited. Women
have considerable knowledge about the location and quality
of local water resources and how to store water, but this
knowledge is seldom tapped, and inclusion of women in
decision-making on water development and management at
all levels is still lagging. A study in South Asia, for example,
attributed the workforce gender disparity to women'’s
broader challenges of participating in the labour market (e.g.
lack of access to childcare or work-schedule flexibility) and
to their educational opportunities, which do not necessarily
favour engineering education currently demanded by many
parts of the water sector (UN-Women, 2012).

The current limited water access by the poor can result not
only from economic pressures, but also from socio-political
and environmental pressures, such as armed conflicts and
droughts. Thus, women and children may have to walk even
longer distances to access water, which can result in an
increased exposure to violence in politically volatile areas.

Access to safe drinking water and sanitation is a human
right, yet its limited realization throughout the world often
has disproportionate impacts on women. The fact that many
women and children are carrying water as a daily chore

has a number of social and economic implications. A 2012
estimate suggests that cutting just 15 minutes off the
walking time to a water source could reduce under-five child
mortality by 11% and the prevalence of nutrition-depleting
diarrhoea by 41%. In Ghana, a 15-minute reduction in
water collection time increased girls’ school attendance
from 8% to 12%. A Bangladesh school sanitation project
that provided separate facilities for boys and girls boosted
girls’ school attendance by an annual average of 11% (UN-
Women, 2012; Nauges and Strand, 2011).
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3.1 Expanding economic opportunities
through water infrastructure

Developed and developing economies require water
resources and water infrastructure to support activities
and services needed for all three dimensions of sustainable
development. Economic development and water are
intimately connected in many ways. Water is an essential
resource for economic production and an ‘enabler’ of
trade for most types of goods and services. Water is as an
essential input for the production of food and electricity,
as well as for many manufactured products. Investments
in water infrastructure are therefore fundamental to
unlocking the full potential of economic growth (Box 3.1).

Water supply (quantity and quality) at the place where the
user needs it must be reliable and predictable to support
financially sustainable investments in economic activities.
This requires both hard and soft infrastructure that is
financed, operated and reliably maintained. In addition,
infrastructure to reduce risk of water scarcity and to manage
water-related disasters such as floods and droughts can
make a country’s development efforts more sustainable by
reducing the vulnerability and/or increasing the resilience of
economies to extreme events (Box 3.2).

3.2 Facilitating structural change

Over the long term, water development benefits spill
over into the entire economy. Wise investment in water
infrastructure and sound water management are both
essential to facilitate the structural changes that are

Water development benefits
spill over into the entire
economy over the long term

necessary in many developing and intermediate economies.
In rural areas, irrigation can be a pre-condition for
modernized agriculture, paving the way for industry by
facilitating the accumulation of capital that allows surplus
investments (Box 3.3).

When favoured by enabling social and political conditions,
better living conditions can translate into new and
heightened income opportunities. These in turn generate
the savings required to foster capital accumulation with
further improvements in infrastructure health and education

Opportunities for water investments to facilitate economic growth

The expansion of irrigated agriculture in the 1950s and 1960s in Asia saw a doubling of cereal production and a 30% increase
in calories available per person. Investment in water supply and irrigation can produce high economic rates of return, as
measured by benefit-cost ratios, and compare well with those in other sectors of infrastructure. Groundwater development
has brought major socio-economic benefits to rural communities and in many countries has helped to alleviate agrarian
poverty through increasing food security. According to the GWP (2012),“In South Asia, the groundwater boom has also
largely been pro-poor, with marginal farmers of holdings smaller than two hectares increasing their groundwater-irrigated
area by three times more proportionally than farmers with more than ten hectares of land!

Smallholder farmers in sub-Saharan Africa and South Asia are increasingly using small-scale irrigation to cultivate their land
and examples show it is leading to improved yields and reduced risks from climate variability (Giordano et al,, 2012).

Irrigated systems will increasingly require greater storage capacity to respond to variability in rainfall and more frequent
and intense droughts. Quick and Winpenny (2014) have found that, “In Madhya Pradesh, incomes of farmers who
constructed on-farm ponds to irrigate pulses and wheat have risen by over 70%; as a result, they have also been able to
improve and expand their livestock herds. In Tanzania, half of the dry-season cash incomes of smallholders come from

growing irrigated vegetables.
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that widen the potential opportunities for production and economic benefits of investing in basic water services have a

reinforce the gains of progress. direct correlation with poverty alleviation (see Chapters 2 and 5).
Basic provision of water and sanitation services is required to Using Albert Hirschman’s (1958) terms, one can say that the
unlock the potential of economic growth, particularly to break backward linkages of increased water supplies at affordable
the vicious cycle of low productivity linked to poor health and prices serve to foster further economic advances in many

lack of educational opportunities that maintains poverty and productive areas of the economy. In turn, higher production,
economic stagnation. Gains in terms of time-saving, improved means more income opportunities that enhance expenditure
health and more effective learning demonstrate that improve in health and education and many other goods and services
access to water and sanitation is one of the more labour-saving reinforcing a self-sustained dynamic of economic development.
solutions. It has the twin effect of (a) freeing resources for

the production of food and other goods and services; and (b) 3.3 Investment challenges

expanding the productive potential of the economy by indirectly Success of water investments can be measured by the
enhancing human capital. Not surprisingly, the demonstrated sustainable economic progress and development to which it

Investing in water infrastructure: When damages avoided become main benefits

In Kenya, the 1997-98 floods cost the country at least US$870 million (11% of GDP) and the 1999-2000 drought cost at least
US$1.4 billion a year (16% of GDP). On average, the country experiences a flood that costs about 5.5% of GDP every seven
years and a drought that costs it about 8% of GDP every five years. This translates to a direct long-term fiscal liability of about
2.49% GDP per annum. This means that Kenya's GDP annually should grow at a rate of at least 5% to 6% in order to start
reducing poverty. In 1996, a good year in Kenya, real GDP growth was 4.1% (SIWI, 2005).

In Pakistan, three years of repeated floods in 2010, 2011 and 2012 inflicted serious damage on the national economy, halving its
potential economic growth. The economy grew on average at a rate of 2.9% per year during this period. That is less than half the rate
of 6.5% that Pakistan could potentially have achieved if it had not faced economic and human losses associated with flooding.

Pakistan lost a total of 3,072 lives and US$16 billion to the 2010-2012 floods. An initial estimate made by the National Disaster
Management Authority of the floods'impact shows agriculture sector losses at US$2 billion due to damages to 1.05 million
acres of standing crops.

Consecutive years of flooding have also pushed up the country’s inflation and unemployment rate because the flooding
has disrupted supply chains, damaged major crops like sugarcane, rice and cotton, and hampered industrial production
(Government of Pakistan, 2012).

Investing in water: A wise policy option that’s good for business

Analysis of Africa’s irrigation needs demonstrates an attractive internal rate of return, ranging from 12% in central Africa for
large-scale irrigation to 33% for small-scale irrigation in the Sahel. The average economic rates of return for both water supply
and irrigation projects compare well with those in infrastructure investments in other sectors, according to Foster and Bricefio-
Garmendia (2010), who present this table showing economic rates of return for infrastructure projects in sub-Saharan
Africa (percentages):

Railway L. Road Road Road Power Water
e e Irrigation el . . .
rehabilitation rehabilitation upgrades maintenance  generation supply
5.1 222 24.2 17 138.8 189 233

Source: Table extracted from Foster and Briceno-Garmendia (2010, Table 2.5, p. 71), © World Bank. https.//openknowledge.worldbank.org/
handle/10986/2692 License: CC BY 3.0 IGO.
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Dhay, the first recipient of an urban micro credit scheme (PPAF) for women in Pakistan
Photo: Caroline Suzman/World Bank

contributes overall, but water challenges are context-specific.
Some countries may give priority to investments in infrastructure
for hydropower and irrigation for economic growth. However,
poor attention to water availability and protection of critical
water sources may mean that these investments perform

Still many opportunities to do more with less

below expectations. In other cases, technologies and financial
resources to invest in water infrastructure might be available
while the institutional capability is lacking, leading to poor or
non-existent service provision. In other instances, the social
benefits of water infrastructure might be self-evident, but the

Agriculture, which accounts for 70% of global freshwater withdrawals, offers some of the best opportunities to take advantage
of enhanced water efficiency to improve productivity and reduce poverty.

"On-farm water balance analysis indicates that, in savannah farming systems in sub-Saharan Africa, less than 30% of rainfall
is used as productive transpiration by crops. Thus, crop failures commonly blamed on‘drought’might be prevented in many
cases through better farm-level water management (Rockstrom et al,, 2010)".

In sub-Saharan Africa, agricultural productivity can improve with little impact on water resources (FAO, 2012a) through

a combination of sound agricultural practices and links to inputs, credit and markets combined with weather insurance
schemes. These measures are ways of producing more with less. They offer outstanding opportunities to reconcile economic
growth with the recovery and adequate protection of water resources (Quick and Winpenny, 2014).

More radical improvements in ‘crop per drop’can be realized by the adoption of aerobic rice production in place of paddy field
rice and the use of System of Rice Intensification cultivation and other agro-ecological methods not only for rice but also for

other crops (Africare, Oxfam America and WWEF-ICRISAT, 2010).
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potential beneficiaries of these services might not have the
ability to pay for their provision, or policymakers may not be
willing to charge for them.

Water management can be highly capital intensive. Capital

intensity results in economies of scale and low running costs.

Many countries face very practical problems with the lack of
availability of capital and the cost of capital. That availability
is in turn dependent upon the ability to recover that capital.

Trade-offs in water and production

Scarcity of capital, in some contexts, forces reliance on low
capital cost. On the other hand, high running cost solutions
might make water unaffordable for the poor.

3.4 Economic opportunities from
improved water efficiency

Water challenges and water development priorities
change over time. The outstanding benefits of water as
a means to pave the way out of poverty suggest placing

To avoid solving one problem by worsening another, it is essential to understand how different areas of the economy are

linked through water.

In spite of outstanding advances in water provision in the last decades, over 80% of wastewater worldwide (@and 90% or more in
developing countries) is not collected or treated, and urban settlements are the main source of pollution (WWAP, 2012). Effluent from
industry is causing pollution to downstream surface-waters and aquifers and major health threats to people (Bahri, 2009). Small-scale
industries, such as agro-processors, textile dyeing and tanneries, can release toxic pollutants into local waters (WWAP, 2012).

Land use change from urban and rural development can exacerbate soil erosion, reduce soil water-holding capacity,

and decrease the recharge of groundwater and existing surface-water storage capacity. It does so through siltation and
sedimentation of rivers and reservoirs that subsequently results in water scarcity over time. Land use change may involve the
loss of wetlands, yet the importance of wetlands in regulating flood and drought risk is well understood (WWAP, 2012).
There is also a link between deforestation and increasing flood risk, which has been observed at the micro level and over
particular catchments. Deforestation results in degradation and desertification of watersheds and catchment areas, and
reduces the amount of usable safe water available downstream (FAO, 2007).

Water development might come along with other costs, too. It may increase the exposure of economic assets to drought
events and may lower reserves in rivers and aquifers to compensate for rainfall deficits. This exposure has been recognized in
recent reports in the United States, where drought in 2012 had an impact on 80% of farms and ranches, resulting in crop losses
in excess of US$20 billion and a wide range of ripple effects. According to the National Drought Forum (2012),“Corn crops
were greatly reduced due to a lack of rainfall, affecting food and livestock feed supplies and prices, as well as corn ethanol
production. Power plants had to scale back operations or even shut down because the water temperatures of many rivers,
lakes and estuaries had increased to the point where they could not be used for cooling. Household, municipal and farm wells
in the Midwest had to be extended deeper into aquifers to make up for the lack of rainfall, draining groundwater supplies and
demanding more electricity to run the pumps.” The full costs are estimated to be as high as US$50 billion.

Investing in protecting water resources

Measures of improved water resource management have shown considerable economic gains. A US$15 to US$30 billion
investment in improved water resources management in developing countries can have direct annual income returns in the
range of US$60 billion. Every US$1 invested in watershed protection can save anywhere from US$7.5 to nearly US$200 in costs

for new water treatment and filtration facility (SIWI, 2005).

A global economic assessment of 63 million hectares of wetlands estimated their value at US$3.4 billion per year (Brander and

Schuyt, 2010).

In eastern Uganda, more than one-third of the District of Pallisa is occupied by wetlands. The annual value of their goods and
services has been estimated to be US$34 million for the local economy, which is equivalent to US$500 per hectare (Emerton

and Bos, 2004).
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an emphasis on infrastructure to unlock the economic
growth potential of water in the early stages of a country’s
economic development. Once the marginal benefits of
further development decrease, emphasis must gradually
shift towards building human and institutional capabilities
to enhance water efficiency and sustainability and secure
economic and social development gains. Many benefits
may be gained through promotion and application of best
available technologies, management systems in water
provision, use and allocation (Box 3.4).

Fortunately, wider adoption of best practices offers substantial
efficiency gains, particularly in industry where greater
efficiency in water use often results in increased profitability.
This emphasizes the need to increase learning as well as
improve the rate of adoption and diffusion of appropriate
technologies. Capacity for rapid learning and innovation is
now a key requirement for water management organizations.

3.5 Intersectoral trade-offs

Water is an essential input to production activities, and
availability must be taken into account by decision-
makers in sectors such as energy and industry; if not, their
investments (by both private and public sector) will be

put at risk. Projects in hydropower, irrigation, energy or
urban development that are carried out simultaneously
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and in isolation from each other can lead to water scarcity,
unsustainable use of resources, and conflicts between users
and local communities. For example, energy options such as
biofuels and hydraulic fracturing, and agricultural options
such as crop choice or irrigation, impact directly on water
scarcity and/or water pollution. This is one reason that an
integrated approach to managing water resources has been
adopted by the United Nations and governments in many
countries. That approach will need to be extended (Box 3.5).

3.6 Protecting water resources

Water investments are crucial in emergent economies to
ensure abundant and affordable water supplies to the
economic system. There is a need, however, to increasingly
shift the focus of such investments towards changing the
way in which water, and the environment more generally,
are valued, managed and used. Water investments can

help to reconcile the continuous increase in water use with
the need to preserve the critical environmental assets on
which the provision of water and the economy depend. Any
possibility of sustaining the gains of economic progress relies
on investing in the protection of water-related ecosystems
(see Chapter 4) for maintaining the essential and varied
environmental services they provide, and upon which the
economy depends (Box 3.6).
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Ecosystems

UNEP | Thomas Chiramba, Eric Hoa, Annie Von Burg (UNEP), Rob Sinclair, Salim Kombo (Nottawasaga Institute)

Contributions from: Peter Koefoed Bjgrnsen, Maija Bertule (UNEP DHI), Isabelle Fauconnier (IUCN) and Glenn Benoy (International Joint Commission)

4.1 Context

Aquatic ecosystems are at the centre of all life and all

forms of development. However, while economic and
population growth are set to increase strain on existing
water resources, most economic models are yet to value

the essential services provided by freshwater ecosystems,

a mistake that often leads to unsustainable use of water
resources and degradation of aquatic ecosystems. There is a
need to shift towards environmentally sustainable economic
policies where ecosystem-based management (EBM) takes
into consideration the interconnection of ecological systems
to address human impacts and meet the needs for healthy
productive ecosystems. EBM needs to be part of the solution
to ensure a ‘green economy'? and sustainable development.

2 UNEP has developed a working definition of a green economy as one that
results in improved human well-being and social equity, while significantly
reducing environmental risks and ecological scarcities. In its simplest
expression, a green economy can be thought of as one which is low
carbon, resource efficient and socially inclusive.

Healthy ecosystems are required for continuous supply of water
and other services vital for human well-being and development.
According to the Millennium Ecosystem Assessment (MEA,
2005b), ecosystem services comprise four main categories:

e provisioning (e.g. clean water);

e regulating (e.g. flow regulation and flood control);
e cultural (e.g. recreation); and

e supporting (e.g. habitat for aquatic species).

Different ecosystems provide different services. Wetlands, for
instance, attenuate floods, store water and provide other
direct economic benefits such as fisheries and tourism. As
Box 4.1 illustrates, a healthy ecosystem provides key services
to maintain environmental, economic and social well-being.
Another example is forested highlands, which have a key
role in recharging aquifers and ensuring clean water flows
for agriculture, hydropower and other uses. They are also
critical for conserving biological diversity, water and soil, and
providing major habitats for wildlife. (see also Box 6.2).

Reconnecting lakes in the Central Yangtze River Basin

In the last 50 years, Hubei Province’s wetland ecosystem, with its 1,066 lakes, has played a major role in summer flood

attenuation along the Yangtze River basin, home to 400 million people. However, 757 of the lakes were converted to polders
and disconnected from each other, which resulted in massive flood damage from 1991 to 1998 causing hundreds of deaths,
costing billions of dollars, and resulting in pollution from aquaculture fertilizer.

In 2002, a WWEF sustainable lake programme demonstrated a good example of the role of natural infrastructure by re-
establishing the natural flood protection provided by the river basin. Sluice gates were seasonally opened around three lakes
(Hong, Tian-e-Zhou and Zhangdu) and illegal, uneconomic aquaculture facilities and other infrastructure were removed,

reducing pollution.

This resulted in an increase in fish and wildlife and return of species. Before the programme, Lake Hong supported only 100
herons and egrets; since its restoration, 45,000 wintering water birds and 20,000 breeding birds are now found. To strengthen the
effectiveness of wetland conservation efforts, a Nature Reserve Network was established linking 17 reserves. In 2006, the Hubei
provincial government adopted a wetlands conservation master plan and allocated resources to protect 4,500 km? by 2010.

The local population benefited from cleaner water supplies and a 17% increase in fish catches within six months of
reconnection of Lake Zhangdu. The development of certified eco-fish farming adopted by 412 households increased income

of fisheries dependent households by 20% to 30%.

Sources: WWEF (2008); Pittock and Xu (2011); ICPDR (1999) and Scholz et al. (2012).
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Tourism and ecosystems conservation, Napo Wildlife Center, Yasuni National Park (Ecuador)
Photo: Peter Prokosch, http://grida.no/photolib/detail/napo-wildlife-center-yasuni-national-park-ecuador_d911

4.1.1 Ecosystem-based management

Ecosystem-based management is described by the United
Nations Convention on Biological Diversity (CBD) as a
“strategy for the integrated management of land, water and
living resources that promotes conservation and sustainable
use in an equitable way"” (CBD, 2014). The interconnected
network of ecosystems can be seen in the quantity of water
required to maintain water-related ecosystem services, and
the ecosystems that serve to maintain this quantity, such as
wetlands and forests (WWAP, 2012). Such ecosystem inter-
relationship is often referred to as ‘natural infrastructure’
(NI). It is nature’s equivalent to human-built infrastructure,
providing for the maintenance of healthy ecosystems, and
many of the same services.

Natural infrastructure uses the natural environment and
natural processes to create healthier environments and
may present economic benefits, since the destruction of NI
requires investment in built infrastructure to perform some
of the same services. EBM demonstrates that opportunities
can be missed when the interlinkages between ecosystems
and their collective provision of services are not taken into
account.

Ecosystem services remain under-valued, under-recognized

and under-utilized within economic and resource
management approaches. The MDG framework did not
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fully recognize water's interlinkages with other areas, and
an emphasis on ‘sustainability’ was not included (UN-Water,
2014).

A more holistic focus on ecosystems for water and
development can ensure that benefits are maintained. As
noted in the UN-Water (2014) report on a global goal for
water, the difficulty of balancing water supply between
multiple users and uses will become worse, unless attention
is paid to the sustainable use and development of water
resources and the ecosystems that provide them. The

EBM approach addresses these shortfalls. Incorporating
ecosystem-based thinking into water management will play
important roles in addressing the proposed target areas

for the post-2015 Sustainable Development Goals, which
include WASH, water quality, water efficiency, integrated
water resources management and water-related ecosystems.

4.2 Challenges

Ecosystems across the world, particularly wetlands, are in
decline in terms of the services they provide. Increasing
population and economic growth are accelerating strain on
the natural world. Direct drivers of ecosystem degradation
include infrastructure development, land conversion, water
withdrawal, eutrophication and pollution, overharvesting
and overexploitation, and the introduction of invasive alien
species (MEA, 2005b).
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4.2.1 Environmental challenges

The WWF Living Planet Index 2012 shows a 30% decline

in biodiversity health since 1970 (WWF, 2012). Poor

water management approaches can be a driver of this
decline, for example, through poorly designed or operated
dams disrupting water flows or degradation of soil water
retention. Pollution from untreated residential and industrial

Ecosystems across the world,
particularly wetlands, are in
decline in terms of the services

they provide
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wastewater and agricultural run-off also weakens ecosystem
capacity to provide services such as water.

Climate change also has a significant impact on ecosystems.
The effect on wetlands and their multiple ecosystem services
is expected to be severe. Rising sea levels will threaten
biodiversity, while increased frequency and strength of
storms and tidal surges will increase damage and variation
of sediment transfer in river flows (Boelee, 2011).

While these environmental challenges steadily degrade the
health of ecosystems and thus the quality of their services,
short-term economic and social decisions further threaten
sustainability. Over-exploiting forests for timber or firewood,
for example, compromises ecosystem health, including its
capacity to regulate the level of the water table.

4.2.2 Social challenges

Degraded ecosystems strain the most vulnerable populations,
particularly the poorest, leading to food and water insecurity.
As populations increase and ecosystem services decline, the
risk of resource conflicts rises especially where tensions
already exist along ethnic or socio-economic lines. According
to UN peacekeepers, since 1990, at least 18 violent conflicts
have been fuelled by the exploitation of natural resources,
whether "high-value’ resources like timber, diamonds, gold,
minerals and oil, or scarce ones like fertile land and water
(UNEP, 2009). Ecosystem degradation and climate change
have significant potential to increase these tensions.

4.2.3 Economic challenges

While economic development may lead to ecosystem decline,
ecosystem services underpin economic development, so

the real challenge is in building awareness of the economic
value of healthy ecosystems.

CHAPTER 4

In some cases, human-built infrastructure can cause
biodiversity loss and degradation of ecosystem services, yet
it often directly depends on ecosystem services to maintain
performance. Dams, for example, are constructed to
ensure water availability, flood protection, hydropower and
other services. However, dams can prevent nutrients and
sediments from reaching oceans and alter the water cycle
by increasing water ‘residence time’, altering the flow of
matter and energy in rivers which changes the conditions
of these ecosystems entirely (Vorosmarty et al., 2010). This
can have a direct and negative impact on other sectors
such as downstream fisheries and agriculture. At the

same time, dams only work effectively when supported by
healthy ecosystems. Unhealthy ecosystems cause dams to
become clogged by siltation, damaged by flood waters or
degraded with pollution. Dams also need proper watershed
management. The challenge, therefore, is to manage water
resources to maintain a beneficial mix between built and
natural infrastructure and provision of their respective
services.

Current food production practices are likewise responsible
for nitrogen, phosphorous and pesticide loading and
fisheries depletion (Vorosmarty et al., 2010). It is estimated
that between US$4.3 and US$20.2 trillion per year worth of
ecosystem services were lost between 1997 and 2011 due
to land use change (Costanza et al., 2014).

Water is a key resource for industrial and manufacturing
processes (e.g. heating, cooling, cleaning, rinsing, etc.),

but generated wastewater can cause environmental

damage when discharged untreated. The industrial and
manufacturing sector has a corporate social responsibility to
take action to ensure acceptable quality of discharged water
and cover the costs related to any corrective clean-up action.
At the same time, manufacturing processes can also benefit
from cleaner water influent by saving costs on treating
potential impurities (Corcoran et al., 2010).

4.2.4 Management challenges

Current water management practices are often fragmented,
leading to lost synergies, poor trade-offs and sub-optimal
solutions. This phenomenon pervades across sectors such as
health, leaving missed opportunities for broader strategies
(Boelee, 2011). It fails to capitalize on synergies in basin-
wide and cross-sectoral approaches to water management
to protect ecosystem services, such as the flow of water
needed to maintain biodiversity.

Poor water management (especially wastewater

management) leads to the degradation of ecosystems
through pollution and contamination, resulting in social
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and economic costs: it is more expensive to rehabilitate

an ecosystem than to preserve it. In short, there is a basic
failure to recognize the economic and social value of healthy
ecosystems.

The water management sphere is beset by a lack of
ecosystem knowledge among decision-makers, and

lack of resources and technical know-how to empower
communities to take the lead in EBM. Lack of resources,
skills and capacity affects related approaches such as
watershed management or other conservation programmes.
Management practices have emphasized water quantity
requirements for human and environmental needs at the
expense of water quality. Moreover, they prioritize human
uses over environmental needs and fail to recognize the
symbiotic relationship between the two.

4.3 Responses

Responses that mitigate, reverse and, most of all, prevent
ecosystem degradation are required to address threats to
ecosystems. The nature of these responses has implications
for the quality and quantity of water supply, especially
since restored ecosystems do not always perform the same
range of ecosystem services as the original sites (Boelee,
2011). The adoption of EBM is essential to ensure water
sustainability.

4.3.1 Ecosystems valuation

Using economic arguments for preserving ecosystems
can make them relevant to decision-makers and planners.
An economic perspective is also important in assessing

trade-offs in the conservation of ecosystems and can be
used to better inform development plans (Farber et al.,
2002).

Ecosystem valuation can be broadly described as what
users would be willing to pay directly for the services, or
what it would cost to replace the same services with built
infrastructure (Boelee, 2011). Such valuations can be
incorporated into national income accounts, or used to
clarify comparative options in land use planning, payment

Ecosystem valuation has
demonstrated that benefits far exceed
costs of water-related investments in
ecosystem conservation

for ecosystem services (PES) and common asset trusts
(Costanza et al., 2014). Valuations help in building the case
for a green economy in the post-2015 development agenda.

Ecosystem valuation has demonstrated that benefits far
exceed costs of water-related investments in ecosystem
conservation. According to the study ‘Changes in the Global
Value of Ecosystem Services’, the 2011 economic value

of ecosystems has been globally estimated at US$124.8
trillion. Global GDP was estimated at US$75.2 trillion in the
same year (Costanza et al., 2014). Box 4.2 illustrates the
application of this approach at the micro-level.

Wastewater treatment in the Fynbos Ecosystem, South Africa

The Fynbos Ecosystem of Western Cape, South Africa, contains numerous wetlands whose function and value until recently
were unknown. Many of these wetlands have been degraded or lost due to farming practices and other land use changes.
Both wetlands and land use play a role in determining water quality emanating from sub-catchments in the biome.
Water-quality amelioration by wetlands benefits both ecology and humans downstream. For example, preventing
contamination protects downstream fisheries from pollutants and reduces the impact on human health, such as from
extensive growth of algae or aquatic macrophytes due to nutrient loading.

The economic benefits of the water treatment capacity of wetlands in the Fynbos Biome were estimated “on the basis of the
cost of performing the same service, i.e. removal of nitrogen, with man-made water treatment plants. The study calculated the
value of the wetlands'service as US$12,385 per hectare per year, high enough to compete with alternative land uses!

Highlighting the economic value of critical wetlands builds a case for investing in natural infrastructure. While policy changes
have not directly been impacted by this study, an increased number of these studies globally show growing demand for

improved understanding of the value of nature.

Source: Turpie (2010).
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Transboundary collaboration for healthy ecosystems and community engagement

The International Joint Commission (IJC) was established by the Boundary Waters Treaty of 1909 between the USA and Canada
and serves to resolve and prevent transboundary water disputes between the two countries.

The Commission adopted the Lake Erie Ecosystem Priority (LEEP) for 2012-2015. In August 2013 it released a collaborative
report between scientists of both countries entitled ‘Lake Erie Ecosystem Priority: Scientific Findings and Policy
Recommendations to Reduce Nutrient Loadings and Harmful Algal Blooms' The study focused on lake-wide changes resulting
from phosphorus enrichment, climate change and invasive species.

The report contained policy proposals to reduce phosphorus inputs to the lake, for implementation by federal, state and
provincial governments, including setting phosphorus load targets 40% below average loads of the past five years.

The report was then opened up to the public for comment through the internet and open house events held in Michigan,
Ohio and Ontario and a scientific panel discussion at the Great Lakes Week held in Milwaukee, Wisconsin. Public engagement

helped in shaping the outcomes of the report.

Source: [JC (2013).

4.3.2 Natural infrastructure solutions

In order to effectively address the myriad environmental
challenges, water managers need to recognize and
incorporate NI into their planning and implementation
activities (Dini, 2013). For example, the creation of ‘green
corridors’ along rivers, floodplains and streams can link
ecosystems, thus absorbing nutrients and reducing water
pollution.

Conservation programmes are often reactive and fail to fully
consider the interconnected nature of ecosystem processes
for sustainability. The NI perspective places emphasis on
connectivity (EPA, 2014), creating a sustainability framework
for environmental decisions. NI solutions should be seen

as cost-effective, long-term infrastructure solutions that
utilize water-related ecosystem services to augment, replace
and/or strengthen performance of built infrastructure to
provide a wide array of benefits that support livelihoods.

It has higher capacity to adapt to climate change impacts.
Hence investments yield benefits across a number of policy
areas, as illustrated in Table 4.1. For example, in the table,
the rows which refer to “Water purification and biological
control”, “Reconnecting rivers to floodplains” and “Wetland
restoration/conservation” are shown as NI alternatives

for “"Water treatment plant”, as illustrated in the Yangtze
example in Box 4.1.

4.3.3 Policy responses

The major decisions in EBM over the next decades must
address trade-offs between “agricultural production and
water quality, land use and biodiversity, water use and
aquatic biodiversity” (MEA, 2005¢).
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The emphasis on access to water and sanitation in the MDGs
has focused policy priorities on urgent human needs, but
addressing broader sustainability issues that underpin access
to water resources must move to the forefront. The post-
2015 development agenda focuses on higher attention to
ecosystems, water quality and disaster management and
needs to be supported by further evidence of the necessity
of an integrated ecosystem-based management of water
resources.

Coordination and collaboration between natural resource
managers and sectors such as health, agriculture and
industry are needed to foster synergy and integrate
responses to environmental, economic and social challenges
and eliminate compartmentalization. Collaboration is vital
for policy formulation and compliance and for stakeholder
engagement in planning and monitoring, as in the example
in Box 4.3. Policies should provide incentives and reduce
operational bottlenecks for the implementation of EBM
tools, such as PES, in combination with Reducing Emissions
from Deforestation and Forest Degradation (REDD), and
landscape planning, among others.

Coordination among international environmental bodies
can reduce compartmentalization and create a conducive
framework for enforcement. The Ramsar Convention,

for instance, is already working with the World Heritage
Convention, Convention on the Conservation of Migratory
Species of Wild Animals and the CBD in developing ‘wise
use’ concepts for an integrated approach to wetland
conservation (Boelee, 2011).

WATER AND THE THREE DIMENSIONS OF SUSTAINABLE DEVELOPMENT



Policies should seek to increase participation of all capitalize on the increasing global concern for international

stakeholders (local, regional and national) including environmental issues.

rural women in developing countries, who already act

as grassroots ecosystem managers. Involving them Sustainable wastewater treatment is also key to maintaining
more substantively in decision-making would benefit all, sustainable ecosystem services, particularly water provision
integrate indigenous knowledge in the process and help and purification. Protected areas can be utilized to preserve

Overview of natural infrastructure solutions for water resources management

Location i
Water management issue Natural infrastructure Corresponding
(Primary service to be provide) solution built infrastructure
solution
(at the primary

service level)

Floodplain
Urban
Coastal

Re/afforestation and forest conservation

ho]
@
c
2
]
=t
©
=

Reconnecting rivers to floodplains -
i ) Dams and
Water supply regulation Wetland restoration/conservation -- groundwater
(including drought mitigation) Constructing wetlands -- pumping
) Water distribution
Water harvesting* --
systems
Green spaces (bio-retention & infiltration) -
Permeable pavements* -
Water quality Water purification  Re/afforestation and forest conservation -
regulation and biological -
9 9 Riparian buffers -
control
Reconnecting rivers to floodplains - Water

; ; treatment
Wetland restoration/conservation --- plant
Constructing wetland ---

Green spaces (bio-retention & infiltration) -

Erosion control Re/afforestation and forest conservation -

o Reinforcement
Riparian buffers -
of slopes
Reconnecting rivers to floodplains

Moderation Riverine flood Re/afforestation and forest conservation
z\f/ee:zeme gonizel Riparian buffers -
(floods) Reconnecting rivers to floodplains - Dams and
Wetland restoration/conservation levees
Constructing wetland
Establishing flood bypasses
Coastal flood Protecting/restoring mangroves, coastal
(storm) control marshes and dunes Seaiwalls

Protecting/restoring reefs (coral/oyster)

* Built elements that interact with natural features to enhance water-related ecosystem services.

Source: Extracted from UNEP/UNEP-DHI/IUCN/TNC (2014, Table 1, p. 6).
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specific ecosystems that provide services vital to the

health of much larger landscapes that may shelter specific
endangered species. This requires collaboration with local
populations and balancing trade-offs between conservation
and economic activities.

The drivers of ecosystem and biodiversity degradation must
be addressed through policies with actionable goals:

e Elimination of perverse subsidies that deplete ecosystem
services and the reallocation of funds towards their
preservation;

¢ Promotion of water efficiency technologies and increased
water productivity in agriculture;

CHAPTER 4

¢ Reduction of nutrient loading through wiser fertilizer use;

¢ Improved mitigation of destructive environmental impacts
in extractive industries;

e Correction of market failures that cause environmental
degradation; and

* Greater involvement and capacity building of stakeholders
and greater accountability and transparency in decision-
making regarding ecosystem conservation (Boelee, 2011).

Ecosystem-based management must be adaptive and
incremental, beginning with a specific objective focused on
a few issues; later, these issues can be increased in number
and scope.

WATER AND THE THREE DIMENSIONS OF SUSTAINABLE DEVELOPMENT
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The interlinkages between water and sustainable development reach far beyond its social, economic
and environmental dimensions. Water plays a vital role in various aspects and challenges related to
sustainable development, including human health, food and energy security, urbanization, industrial
growth and climate change. Part 2 of this Report defines critical ‘challenge areas’ where policies and
actions at the core of sustainable development can be strengthened or weakened through water.

Chapter 5 reflects on the role of water, sanitation and hygiene (WASH) in achieving sustainable
development and outlines key challenges to achieving sustained universal coverage. Chapter 6 covers
the challenges associated with rapid urbanization, describing how cities provide opportunities for
more sustainable use of water. Chapter 7 focuses on what is required to achieve a world free from
hunger and malnutrition in a sustainable manner. Chapter 8 addresses the challenges of meeting
rising energy demands without compromising the sustainability of freshwater resources. Chapter

9 examines water’s role in the pursuit of sustainable industrial development. Finally, Chapter 10
describes how sustainable freshwater resources management is affected by climate variability and
change.

ADDRESSING CRITICAL DEVELOPMENTAL CHALLENGES



Water, sanitation and hygiene

UNICEF and WHO | Robert Bain, Richard Johnston,* Cecilia Scharp, Rifat Hossain,* Bruce Gordon* and Sanjay Wijesekera

This chapter reflects on the role of water, sanitation and
hygiene (WASH) in achieving sustainable development, and
outlines key challenges that need to be addressed in order
to achieve and sustain universal coverage.

WASH is fundamentally important to lives and livelihoods,
and underpins poverty alleviation and sustainable
development (Figure 5.1). At a basic level, everyone needs
access to safe water in adequate quantities for drinking,
cooking and personal hygiene, and sanitation facilities that
do not compromise health or dignity. Lack of WASH takes
a huge toll on health and well-being and comes at a large
financial cost, including a sizeable loss of economic activity
in many countries, not just least developed countries. While
the impacts are most pronounced in lower income countries,
challenges remain in wealthier nations where concerns
regarding water safety and environmental sustainability
persist alongside inequalities. Many of the broader

implications of inadequate WASH - for education, cognitive
development and nutrition — are not fully documented, and
inadequate WASH is one of many deprivations suffered by
the world’s poorest and most marginalized populations.

Access to water and sanitation is recognized as a human
right and has long been a central aim of international
development policies and targets (UNCESCR, 2003; UNGA,
2010). The MDGs sought to “halve the proportion of the
population without access to safe drinking water and basic
sanitation” between 1990 and 2015 (UNGA, 2001). The

The author is a staff member of the World Health Organization. The author
alone is responsible for the views expressed in this publication and they
do not necessarily represent the views, decisions or policies of the World
Health Organization. Nothing contained herein shall be construed as a
waiver of any of the privileges and immunities enjoyed by WHO under
national or international law, and/or as submitting WHO to any national
court jurisdiction.

Schematic of criteria for sustainable water, sanitation and hygiene services and their key impacts

on sustainable development

Sustainable Development

Economy Environment

Direct

+ Reduced burden of collecting
water when on premises

- Lower medical expenses

Direct

- Affordability including for the poor

Indirect
+ Educated and healthy workforce
+ Industry and commerce

Indirect

services

Underpinning Human Rights WASH criteria:

Reduced water wastage and
avoiding overexploitation

- Adequate treatment of excreta
and wastewater to protect the
natural environment

- Sustainable environmental

Equity

Direct
+ Disease prevention
- Dignity

- School attendance, especially for

adolescent girls

Indirect

- Full participation in society
- Reduced poverty

- Gender equality

Normative: Availability, safety, acceptability, accessibility and affordability
Cross-cutting: Non-discrimination, participation, accountability, impact and sustainability

Source: Authors and UNGA (2010).
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WHO and UNICEF Joint Monitoring Programme for Water
Supply and Sanitation (JMP) reports impressive gains made
over the last two decades with 2.3 billion people gaining
access to an improved drinking water source and 1.9 billion
to an improved sanitation facility (WHO and UNICEF, 2014a).
Of those gaining access to drinking water, 1.6 billion

now use a higher level of service: a piped water supply

on premises. However, much still needs to be done — 748
million do not use an improved source of drinking water
and 2.5 billion do not use an improved sanitation facility.
Moreover, not all of those using improved facilities have
fulfilled their rights; for example, an estimated 1.8 billion
people drink water contaminated with Escherichia coli, an
indicator of faecal contamination (Bain et al., 2014).

Hand washing with soap is one of the important elements
of hygiene in WASH, although it did not form part of MDG
monitoring. Globally, the prevalence of hand washing with
soap is very low with some estimates suggesting four out

of five people do not wash their hands after contact with
excreta (Freeman et al., 2014). Moreover, many challenges
remain in addressing concerns about the adequacy of WASH
services and ensuring their sustainability (Box 5.1).

5.1 Return on WASH investments

Investments in water and sanitation services result in
substantial economic gains. In developing regions, the
return on investment has been estimated at US$5 to US$28
per dollar invested (WHO, 2012b). Overall, US$53 billion

a year over a five-year period would be needed to achieve
universal coverage (Hutton, 2013) — a small sum given this
represented less than 0.1% of global world product in 2010
and since the return on investment is many times higher.

Despite the potential for sizeable returns on investment,
sustainable financing has not yet been attained in many
settings, raising questions about who should pay and
what the barriers to investment are. In many cases, capital
investments are made without adequate financial planning

Examples of unsustainable WASH

Persistently non-functioning community supplies
Failure to treat wastewater or safely handle excreta
Leakage and intermittency of utility piped water
Increasing water scarcity and low priority given to
domestic water use

Inadequate investment in maintenance and
operations

Source: UNGA (2013).
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or investment in maintenance, operations and monitoring
(AMCOW, 2011; WaterAid India, 2008; Barnard et al., 2013).
This leads to poor levels of service (e.g. quality, reliability,
acceptability), lower usage and, in some cases, permanent
failure. Such unsustainable financing not only reduces the
benefits but also wastes available capital, resulting in lower
coverage per dollar spent.

From the user’s perspective, the affordability of WASH
services is of utmost importance and may influence

access, especially for the poor. The financing of water

and sanitation, including the proportion contributed by
households, varies greatly (WHO, 2014) as does willingness
to pay for water and sanitation services. Data on household
contributions are few and generally available at the national
level, preventing assessments of affordability for the poorest.
In most countries, regressive cost structures predominate
whereby low volume consumers pay a premium on a

per volume basis. There are some notable exceptions, such
as South Africa (Box 5.2), where a basic level of service is
free to the end user.

In order to reap the full benefits of these services, greater
emphasis is needed on ensuring that services last. In many
settings, services are not living up to their potential, with
intermittency a daily problem for piped supplies even in

A focus on providing for the poorest leads
to more equitable WASH outcomes in South
Africa

"With the ending of apartheid the Government of
South Africa prioritized the provision of basic services
including, water supply, sanitation and energy services.
Ambitious targets were set within a policy framework
that included ‘free basic water’and free basic sanitation’
for households with resources below the social grant
amount (approximately US$1 per day). In 2012, 3.47
million and 1.84 million people benefitted from free
services for water and sanitation respectively."

"Resources were provided to decentralized
organizations charged with providing basic WASH
services. Strong monitoring frameworks were put in
place to track progress against the targets. Although
the time frame for reaching the targets of universal
coverage have not been met, major gains in access
have been achieved, especially for the poor and those
living in rural areas. There remains, however, a major
challenge in attracting and retaining professional staff
to manage, operate and maintain WASH infrastructure.

Source: WHO (2014, p. 4).
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major cities, and functionality of community sources and
hygienic sanitation facilities not always assured. The problem
of non-functioning supplies and unused sanitation facilities
is symptomatic of unsustainable or misdirected financing
and a mismatch between supply and demand. This points
to the need for greater accountability, enhanced monitoring
as well as adequate financing for continued operations

and maintenance. This is not restricted to lower income
countries. The investment ‘deficit’ for ageing infrastructure
in the United States has been estimated at US$84 billion by
2020 (ASCE, 2011). Water services should also be located
close to or ideally within the home in order to ensure that
time can be used more productively since opportunity

costs are an important contributor to the overall return on
investment (WHO, 2012b) and to support good hygiene.

5.2 Environmental implications

The quantities of water required for domestic uses, and
especially ingestion, are generally very small compared

to those for agriculture and industry: 20 litres per person
per day for drinking and personal hygiene is considered to
be ‘basic’ access (WHO, 2011). Domestic water accounts
for at most 11% of freshwater withdrawals (FAO, 2011a).
Yet the availability of water and sanitation services is
intimately linked to the wider policies and practices in
water management. Unregulated abstraction can influence
local availability of water and its quality with negative
repercussions for water services. Changing climate is also
expected to influence water resource availability, putting
more pressure on already stretched resources and increasing

the risk of contamination due, in part, to more frequent and
intense flooding (WHO/DFID, 2009).

Pollution of the environment in other spheres can also
influence the ability to provide adequate quantities of high-
quality drinking water or the costs and energy required to
do so. Ensuring water safety requires a focus on source
protection, rational use of fertilizer and pesticides, and
reducing industrial pollution as integral elements of
comprehensive water safety planning.

In many lower-income countries

bottled water is a privilege of
the wealthy who may resort to
it due to lack of trust in the
safety of municipal supplies,
exacerbating inequalities

As societies develop, their water usage patterns change.

Global trends in the use of different water sources
demonstrate a shift towards piped water on premises,
especially in urban areas. Use of piped water can be highly
beneficial for societal well-being; however, it also generates

a tendency to raise the quantity of water used per capita,

increasing stress on local water resources and wastewater

Strong growth of bottled and sachet water as a main drinking water source in urban settings,
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treatment facilities. In addition, household surveys show a
marked increase in the use of packaged waters — bottles and
sachets — in several countries (Figure 5.2). Although globally
this is a small proportion of people, with an estimated

6% of people primarily relying on bottled water in 2010
(WHO and UNICEF, 2012), there are concerns about the
environmental sustainability of packaging water (especially
the plastic waste) and affordability of this trend. In many
lower-income countries, bottled water is a privilege of the
wealthy who may resort to it due to lack of trust in the
safety of municipal supplies.

Lack of sanitation and poor management of excreta has a
detrimental impact on the environment. In many countries,
the demand for sewer-connected sanitation coverage has
meant increases in connections without due attention to
treatment and disposal of wastewater. Although data are
few, estimates suggest that even in upper-middle income
countries wastewater from 75% of households with sewer
connections may not receive adequate treatment (Baum

et al., 2013).The impact of releasing untreated human
excreta to the environment is substantial, with negative
impacts on rivers, lakes and coastal waters. Furthermore, the
WHO and UNICEF JMP finds that one billion people do not
use a sanitation facility and instead defecate in the open
(WHO and UNICEF, 2014a). In addition to the clear risk to
the health of communities, where open defecation takes
place, the consequences for water and the environment are
severe. The ideal solution from a sustainability perspective
is to find productive uses for wastewater, especially in
agriculture, thus relieving stress on water resources and
treatment facilities as well as avoiding loss of nutrients.
Where wastewater is to be treated, minimizing the amount
of wastewater generated improves the potential for
adequate and efficient treatment. In countries where robust
regulations and wastewater treatment exist, reducing energy
use is a key challenge requiring innovative approaches.

5.3 Reducing disparities and

enhancing services

Sustainable development and human rights perspectives
both call for reductions in inequalities and tackling
disparities in access to services (UNGA, 2013). The human
right to water and sanitation sets normative and cross-
cutting criteria against which the adequacy of WASH
services is to be judged (Figure 5.1). For WASH services to
meet individual's needs, they must be aesthetically and
culturally acceptable so that people are willing to and
continue to use them, reliable, functional and physically
accessible for all, including the elderly and disabled. Services
must be appropriate for a given population and setting, and
therefore must be selected and managed in such a way as

CHAPTER 5

Public toilet in the shanty town of Ciudad Pachacutec, Ventanilla District, El
Callao Province (Peru)
Photo: Monica Tijero/World Bank

to enable participation from a wide range of stakeholders,
including the customers.

Pronounced disparities in access to WASH services, for
example between regions, rural and urban areas, and
socio-economic groups, are well-documented (WHO and
UNICEF, 2014a). In order to achieve universal access, there
is a need for accelerated progress in disadvantaged groups
and to ensure non-discrimination in WASH service provision.
Whereas some countries have made remarkable progress

in reducing inequalities, in others these gains have largely
bypassed the poor and marginalized. Ethiopia provides an
example of a country that has made great progress during
the period of working towards the MDGs - substantially
increasing sanitation coverage and doing so equitably
across wealth quintiles and regions (Figure 5.3). In 22 years,
Ethiopia reduced open defecation from 92% to 37% (WHO
and UNICEF, 2014a).

Coverage alone does not fully reflect inequalities; disparities
are evident in the levels of service related to the safety,
accessibility and reliability of water services (WHO and
UNICEF, 2011). Even in countries where the majority of the
population uses piped water on premises, certain minority
groups may be neglected. For example, an analysis of

data from Bosnia and Herzegovina found only 32% of the
poorest Roma use an improved source of drinking water
compared with 94% of the general population (WHO and
UNICEF, 2014a). In order to ensure sustainability, the type of
service needs to be appropriate to the context and carefully
chosen based on the available infrastructure, human

and financial resources. For example, the suggestion that
everyone should aspire to a sewer-connected sanitation
facility (a flush toilet) can create great difficulties for
achieving sustainable systems with adequate financing and
especially suitable management of wastewater. Similarly, in
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remote rural areas community sources such as boreholes
can be more affordable than a piped system and easier
to maintain. In these settings, safe household storage is
essential to avoid contamination and creating potential
breeding grounds for disease vectors.

Household surveys and national censuses also indicate that
there are disparities within households, including gender.
Women and girls are often responsible for collecting water,
especially in rural sub-Saharan Africa where many must
spend at least half an hour to do so (WHO and UNICEF,
2012), and some make multiple trips taking up two to four
hours a day (Pickering and Davis, 2012). At school, lack

of sanitation is more likely to hinder a girl's educational
attainment than a boy’s. Women'’s involvement in local
management of water supplies improves the chances

of successful outcomes (UNEP, 2004), illustrating the
importance of inclusive and participatory approaches in
sustainable water resource management.

5.4 Towards sustainable WASH services
Many challenges remain in securing sustainable WASH
services for present and future generations and ensuring

that these services are within environmental limits. The types

of challenges vary considerably between countries, with
attaining basic access the priority in some and enhancing
services and meeting environmental targets in others. As
coverage continues to increase globally, the emphasis

will shift towards attaining the additional benefits of
higher levels of service as well as achieving environmental
sustainability.

Globally, key targets for sustainable WASH identified by
a wide stakeholder consultation include: universal access
to basic water, sanitation and hygiene; elimination of
open defecation; reduction of inequalities; progressive
improvement of service levels; and safe management of
water and excreta (WHO and UNICEF, 2013). In order to
achieve these goals, there is a need to focus on service
delivery and not solely on capital costs, ensure that
services are financially viable, enhance accountability
and transparency in financing, strengthen independent
regulatory agencies, and build capacity to monitor
progress and assess inequalities in service. Creation of new
infrastructure, while essential, will not suffice to increase
sanitation and hygiene coverage. A renewed focus on
changing social norms is paramount.

Sanitation coverage (%) in Ethiopia, by province (2000-2012)
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Urbanization

UN-Habitat | Bhushan Tuladhar, Andre Dzikus and Robert Goodwin

6.1 Water in a rapidly urbanizing world

Cities have become the place where development challenges
and opportunities increasingly come face to face. In 2014,
3.9 billion people, or 54% of the global population, lived in
cities, and by 2050, two-thirds of the global population will
be living in cities (UNDESA, 2014). Furthermore, most of this
growth is happening in developing countries, which have
limited capacity to deal with this rapid change.

Cities impact the hydrological cycle in several ways by:
extracting significant amounts of water from surface and
groundwater sources; extending impervious surfaces thus
preventing recharge of groundwater and exacerbating flood
risks; and polluting water bodies through the discharge of
untreated wastewater. Since much of the water consumed
by cities generally comes from outside the city limits, and
the pollution they generate also tends to flow downstream,
the impact of cities on water resources goes beyond their
boundaries. Cities also import significant amounts of food,
consumer goods and energy from outside the city, which
requires large amounts of water at the point of production,
transportation and sale. This virtual demand of cities greatly
exceeds direct water use (Hoekstra and Chapagain, 2006).

At the same time, as centres for innovation, cities provide
opportunities for more sustainable use of water, including
treating used water to standards that enable it to be used
again. They are well positioned to rapidly adopt conservation
measures, and the concentration of people in compact
settlements can reduce the cost of providing services such as
water supply and sanitation. Furthermore, cities can connect
with their hinterlands and support the protection of water
resources in their surrounding areas by actively engaging in
watershed management or providing PES.

6.2 Challenges

6.2.1 Access to water supply and sanitation

Rapid urbanization, increased industrialization, and
improving living standards generally combine to increase the
overall demand for water in cities. As shown in Figure 6.1, by
2050, global water demand is projected to increase by 55%,
mainly due to growing demand from manufacturing, thermal
electricity generation and domestic use, all of which mainly
results from growing urbanization in developing countries
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(OECD, 2012a). As easily available surface water and
groundwater sources have been depleted in many urbanized
areas, cities will have to go further or dig deeper to access
water, or will have to depend on innovative solutions

or more advanced technologies such as reverse osmosis

for desalination, or reclaimed water to meet their water
demands (see WWAP, 2015, Chapter 1, Case study “Towards
sustainable groundwater management in Asian cities"”.)

Although the MDG target on access to safe drinking water
— as measured by the proportion of population using an
improved drinking water source (see Box 1.1) — was met in
2010, the progress in urban areas has not been able to keep
up with the rapid pace of urbanization (Figure 6.2). Between
1990 and 2012, the number of urban residents who did not
have access to an improved drinking water source decreased
by 1 percentage point. However, in absolute terms, the
number of people in urban areas without access to an
improved drinking water source increased from 111 million
to 149 million (WHO and UNICEF, 2014a), indicating that

Global water demand in 2000 and 2050
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access to drinking water is actually deteriorating where the
most rapid urbanization is outpacing public services (see
Section 6.3.1). The situation is worse in sub-Saharan Africa,

where urbanization is happening most rapidly. In this region,

the percentage of people who enjoyed piped water on their
premises, which is the preferred option for urban areas,
actually decreased from 42% to 34% (WHO and UNICEF,
2014a). This clearly indicates that access to ‘safe’ drinking
water sources continues to be a major problem in cities in
the developing world.

Similar to trends in drinking water, the number of urban
residents without access to improved sanitation increased
by 40%, from 541 to 754 million, between 1990 and 2012
(WHO and UNICEF, 2014a). Therefore, although sanitation
coverage is generally higher in urban areas, because of
rapid urbanization, increasing numbers of urban residents,
particularly the poor, are unable to access improved
sanitation. Also, due to higher population densities in urban
areas, the health consequences of poor sanitation can be
pervasive. In urban Cambodia, for example, 54% of the
people in the poorest quintile still defecate in the open,
while among the richest 40% of the population, this has
gone down to zero (Figure 6.3).

The increase in the number of people without access to water
and sanitation in urban areas is directly related to the rapid
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growth of slum populations in the developing world and the
inability or unwillingness of local and national governments
to provide adequate water and sanitation facilities in these
communities. While there has been some progress in moving
people out of slum conditions, it has not been enough to
counter population growth in informal settlements. The
world's slum population is expected to reach 889 million by
2020 (UN-Habitat, 2010). As slum dwellers are generally more
likely to suffer inadequate access to safe water and sanitation
and are also more vulnerable to the impacts of extreme
weather events, water management in cities, particularly
slum settlements, will be a major challenge in the future. In
some informal settlements, however, local communities and
the private sector have come up with innovative solutions. In
Mombasa, for example, where only about 15% of the people
have access to piped water supply, more than 80% have
access to an improved water source because they receive
water from kiosks (Figure 6.4).

6.2.2 Pollution and wastewater management

Many cities in developing countries do not have the
necessary infrastructure to collect and treat wastewater.

In the absence of proper drainage systems, sewage mixes
with stormwater causing further pollution. It is estimated
that up to 90% of all wastewater in developing countries is
discharged untreated directly into rivers, lakes or the oceans,
causing major environmental and health risks (Corcoran et
al., 2010). This has huge social and economic impacts due
to increased health care costs and lower labour productivity.

Access to water in Mombasa's informal settlements

Wastewater also has impacts on the global environment as

wastewater-related emissions of methane, a powerful global
warming gas, and nitrous oxide could rise by 50% and 25%,
respectively, between 1990 and 2020 (Corcoran et al., 2010).

There is clearly a need to expand wastewater treatment systems
and improve efficiency of existing treatment plants. While
some developing countries such as Chile have been successful
in treating almost all their wastewater (Bartone, 2011),
experience from most developing countries indicates that
wastewater management can be expensive and most cities do
not have or allocate the necessary resources for this. Moreover,
the cost of the wastewater collection is often underestimated.
There is a need for more innovative options for such as
decentralized wastewater treatment solutions and biogas
production for reusing and recycling wastewater and reducing
the cost of wastewater management (Luthi et al., 2011).

6.2.3 Institutional capacity and water governance
Given the rapid pace of urbanization, the institutional
capacity of local and national governments and water
utilities to increase investments and manage the delivery of
services is becoming critical, especially in cities with old and
poorly maintained water and sanitation infrastructure and
cities in the developing world. High rates of unaccounted-
for water (mainly due to leakages), unsustainable tariffs and
weak systems of governance are typical manifestations of
the growing capacity gaps in many urban areas. Leakage
results in loss of revenue, higher chances of drinking water
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contamination and outbreaks of waterborne diseases, which
will further reduce water service quality and the consumers'
willingness to pay.

6.2.4 Climate change and water-related disasters
Because the impacts of climate change are complex and
unpredictable (see Chapter 10), the availability of and
demand for water are highly likely to be affected. Water and
sanitation infrastructure may be at risk because of extreme
events and sea level rise. With increased urbanization
encroaching upon natural drainage paths and changed land
use caused by urbanization resulting in increased runoff,
there is also an urgent need for more sustainable urban
drainage systems to address the issues of inundation and
water contamination. As the urban poor tend to live in
concentrated and highly vulnerable areas such as river banks,
they are more vulnerable to the impacts of climate change.
Coping with the effects of climate change will therefore
require cities to strengthen planning and management
capacities related to water and integrate water management
with overall urban development.

6.3 Responses

The dedicated goal for water and its five targets proposed
by UN-Water (2014) as part of the post-2015 agenda for
sustainable development (see Chapter 16) are very relevant
for the sustainable use of water in the urban context. The
targets provide an appropriate framework for responding to
the challenges of managing water in cities.

Pro-poor policies in Kampala

In 2004, the Government of Uganda set a target

of 100% coverage of water supply and sanitation
services in urban areas by 2015. In response, the
National Water and Sewerage Corporation (NWSC),
which is responsible for water and sanitation services
in Kampala, introduced a series of measures such as
affordable connection, a pro-poor tariff, and special
projects targeted at the poor. It set up an urban pro-
poor branch in 2007 and provided a variety of service
options including household connections, prepaid
public water points/kiosks, and shared yard taps. As

a result, NWSC was able to significantly expand its
services to the urban poor while increasing its revenue.
The pro-poor branch was also able to reduce the
proportion of inactive public water points and yard
taps from 40% in 2007 to less than 10% in 2009.

Source: Kariuki et al. (2014).
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6.3.1 Pro-poor policies for safe water supply and
sanitation

Rapid urbanization is outpacing public service provisions
in the developing world and the overall number of people
without access to safe water and sanitation in urban areas
is increasing. The proposed target on universal access to

Many cities in developing
countries do not have the
necessary infrastructure to
collect and treat wastewater

safe water, sanitation and hygiene should stimulate action
to address this critical issue. Furthermore, as the target also
includes an element of progressively eliminating inequalities
in access, it would encourage policy-makers to address the
needs of the urban poor. In doing so, governments and
service providers can learn from experiences of successful
and innovative initiatives that focus on the needs of urban
poor and create an enabling environment for service delivery
(Box 6.1).

6.3.2 Integrated urban water management
The proposed target on sustainable use and development
of water resources can benefit from experiences of

Forest conservation by a water utility in
Costa Rica

Since 2000, the local water supply company (Empresa
de Servicios Publicos de Heredia) in the province

of Heredia in Costa Rica has invested in protecting
strategic forest areas in the Virilla River Watershed,
allowing for the recharge of surface and groundwater
sources. Enforcement of approved regulation against
changes in land use patterns ensures the protection
of the province's main sources of water supply. The
company charges an additional 3% of the monthly
water bill to its users and collected funds are used to
compensate land owners for control of changes in
land use. Over the last ten years, the programme has
protected more than 1,100 ha of forest within the
catchment. As a result, the province is able to provide
clean water to all its 200,000 residents while minimizing
the need to invest in water treatment infrastructure.

Source: Barrantes and Gdmez (2007).
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Phnom Penh water supply: An example of
good governance

The Phnom Penh Water Supply Authority (PPWSA),
which has transformed itself from a near-bankrupt,
demoralized and corrupt institution into one of the
best water utilities in the world, can provide valuable
experiences for other cities. Under the dynamic
leadership of Ek Sonn Chan, PPWSA was able to

turn around the performance of the utility within a
decade to provide all people with continuous, good
quality and affordable water supply, while consistently
increasing its net profit. Due to its pro-poor policies, it
has also increased its connections to poor households
from 101 household connections in 1999 to 17,657

in 2008. The fact that Phnom Penh has been able

to reduce its unaccounted-for water from over 60%

in 1998 to just 6% by 2008, which is comparable to
Singapore, demonstrates that state managed utilities
in developing countries can be efficient, if they have
good leadership and governance.

Source: Biswas and Tortajada (2010).

CHAPTER 6

- L -
TPl Y i

Rocinha Favela, the largest in Brazil
Photo: Ahln

DEWATS in Indonesia

The government of Indonesia is promoting
community-managed decentralized wastewater
treatment systems (DEWATS) and aims to reach 5% of
the total urban population through DEWATS by the end
of 2014. A review of almost 400 DEWATS units installed
in different Indonesian cities between 2003 and 2007
found that over 80% of them were functioning well
and complying with effluent discharge standards.

The study found, however, that sustained use of

the infrastructure over the long term requires some
external monitoring and support, as community
groups often lose enthusiasm and are reluctant to
fund major repairs on their own. It concluded that
"community managed DEWATS can be effective for
serving poor communities where the appropriate type
of system is built well in the right location, the number
of users is optimized and sustained and there is shared
responsibility with government for operation and
maintenance” (WSP, 2013).

Source: WSP (2013).
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integrated urban water management (IUWM) systems in
various countries. IUWM calls for the alignment of urban
development and basin management and brings together
water supply, sanitation, and stormwater and wastewater
management, and integrates these with land use planning
and economic development. Implementation of IUWM will
require appropriate institutional structures, policies, careful
planning, capacity-building and investment in systems
such as protection of upstream catchment areas, rainwater
harvesting and recharge, water demand management and
water reuse (Box 6.2).

6.3.3 Urban water governance

The target on equitable, participatory and accountable
water governance will require strong political commitment,
appropriate policy and legal frameworks, effective
institutional structures, efficient administrative systems and
capable human resources. It will also require investments in
water infrastructure, renewal, operations and maintenance.
A study estimates that one dollar of water and sewer
infrastructure investment increases private output (gross
domestic product) in the long-term by US$6.35 and yields a
further US$2.62 output in other industries. These benefits
accrue in terms of jobs created, final output and private
sector investment (Krop et al., 2008). Experiences from cities
around the world have shown that it is possible to improve
the performance of urban water supply systems and increase
revenue and profits, while continuing to expand the system
and addressing the needs of the poor, provided that there is
strong leadership and good governance (Box 6.3).

6.3.4 Sustainable sanitation

Effective management of water resources and reduction

of water pollution will require investment in sustainable
sanitation systems which are technically appropriate,
economically viable, socially acceptable and environmentally
sound. These may include promotion of reuse, treatment of
wastewater to an appropriate level for the intended reuse
option, and integration of sanitation systems with overall
water resource and urban planning and design (Luthi et al.,
2011). Since transportation accounts for much of the cost of
wastewater management, decentralized systems that treat
wastewater close to the source, using simple technologies
that maximize recycling of water and nutrients, can be more
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effective, particularly in poor and peri-urban settlements
(Box 6.4). Wastewater systems can also generate energy;
treated wastewater can be reused, thus contributing to
water, energy and food security and therefore health and
economy. In Accra, urban vegetable gardens irrigated by
treated wastewater provide up to 90% of the vegetable
needs of the city (Tettey-Lowor, 2009).

On-site sanitation, which is still the main approach used in
most urban areas in Africa and Asia, is a challenge as well
as an opportunity. If faecal sludge is not managed properly,
it can cause major health risks and pollution, but avoiding
extensive sewer systems leads to investment savings and
allows for more innovative decentralized options that are
less water- and energy-intensive can be explored.

6.3.5 Adaptation to climate change and
water-related disasters

The World Bank estimates that the global costs of
adaptation from 2010 to 2050 will be US$70 billion to 100
billion a year (World Bank, 2010a). The sectors requiring
the main bulk of this investment will be water supply and
flood protection, infrastructure and coastal zones, with
urban areas requiring an estimated 80% of the total
funding required for adaptation (World Bank, 2010b). As
most of this investment will be needed in developing
countries, where the infrastructure and systems are yet

to be built, there are possibilities for making future cities
climate smart, thus reducing climate risks and maximizing
environmental and economic benefits. For example, cost-
benefit assessments of early warning systems for storms,
floods, and droughts undertaken throughout Asia indicate
potential returns of up to US$559 for each US$1 invested
(Subbiah et al., 2008).

Some cities like Singapore have taken adaptive measures to
increase the resilience of urban water supply and sanitation
systems. To avoid seawater intrusion into reservoirs, most
reservoir dams are much higher than the predicted sea

level rise, and if needed the gates can be further raised. By
diversifying its water sources to include rainwater harvesting,
reclaimed water and desalinization, the city has reduced

its vulnerability to prolonged dry periods (Chiplunkar et al.,
2012).
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Food and agriculture

FAO | Edited by: Jippe Hoogeveen

By 2050, agriculture will need to produce 60% more

food globally, and 100% more in developing countries
(Alexandratos and Bruinsma, 2012). However, current
growth rates of agricultural demands on the world’s
freshwater resources are unsustainable. Inefficient use

of water for crop production depletes aquifers, reduces
river flows, degrades wildlife habitats, and has caused
salinization of 20% of the global irrigated land area (FAQ,
2011a). The bulk of capture fisheries production comes from
coastal waters, where both the productivity and the quality
of fish stocks are severely affected by pollution, much of
which comes from agriculture. Although reservoirs can
create opportunities for aquaculture, capture fisheries and
aquaculture can also be threatened by competing demands
from hydropower development and water diversion for
industrial uses.

To achieve “a world free from hunger and malnutrition,
where food and agriculture contribute to improving
the living standards of all, especially the poorest, in an
economically, socially and environmentally sustainable

The five principles of sustainable agriculture

NATURAL SYSTEM

A

ces
Naturd! reso

manner” (FAO, 2013a), FAO has proposed the following five
principles (FAO, 2014a):

1. Improving efficiency in the use of resources is crucial to
sustainable agriculture.

2. Sustainability requires direct action to conserve, protect
and enhance natural resources.

3. Agriculture that fails to protect and improve rural
livelihoods and social well-being is unsustainable.

4. Enhanced resilience of people, communities and
ecosystems is key to sustainable agriculture.

5. Sustainable food and agriculture requires responsible and
effective governance mechanisms.

The principles are interconnected and complementary and
should often be considered simultaneously (Figure 7.1). They
support the three dimensions of sustainable development.
The first two principles directly refer to the environment,
while the third refers to social and economic development.
The fourth and the fifth underpin all three dimensions of
sustainable development. For the application of all five

HUMAN SYSTEM

Sustainability requires direct action to conserve,
protect and enhance natural resources

Improving efficiency in the use of resources
is crucial to sustainable agriculture

PRINCIPLE O

Agriculture that fails to protect and improve rural livelihoods
and social well-being is unsustainable

Enhanced resilience of people, communities and
ecosystems is key to sustainable agriculture

PRINCIPLE O

Sustainable food and agriculture requires responsible
and effective governance mechanisms

Source: FAO (2014a, Fig. 3, pp. 18-19).
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principles, a range of actions can be taken to enhance
agricultural productivity and sustainability.

7.1 Improving resource use efficiency

In broad terms, agriculture has two options to increase
water use efficiency: reduce water losses and increase water
productivity.

The first option seeks to increase the efficiency of water

use by reducing water losses in the process of production.
Technically, ‘water use efficiency’ is a dimensionless ratio
that can be calculated at any scale, from irrigation system

to the point of consumption in the field. It is generally
applied to any management approach that reduces the non-
beneficial use of water (i.e. reducing leakage or evaporative
losses in water conveyance and application). The second
option focuses on increasing crop productivity. This involves
producing more crop or value per volume of water applied.

Clearly, there is scope for managing the demand for water
in agriculture in time and in space. However, excessive
emphasis is often placed on the first option, with efforts
aimed at reducing water ‘losses’ within irrigation distribution
systems. Two factors limit the scope for and impact of water
loss reduction. First, only part of the water ‘lost’(defined

as water that is diverted for purposes that have clear and
tangible benefits, such as for household purposes, irrigation,
industrial processing and cooling), while withdrawn for

beneficial use, can be recovered effectively at a reasonable
cost. Second, part of the water ‘lost’ between the source
and final users return to the hydrological system, either
through percolation into aquifers or as return flow into river

The single most important avenue

for managing water demand in
agriculture is through increasing
agricultural productivity

systems. The share of water lost through non-beneficial
consumption, either through evaporation or through
drainage into low quality water bodies or to the sea, varies
according to local conditions. A clear understanding of the
real potential for reducing water losses is needed to avoid
designing costly and ineffective demand management
strategies (2030 WRG, 2013).

In most cases, the single most important avenue for
managing water demand in agriculture is through increasing
agricultural productivity. Increased crop yields are made
possible through a combination of improved water control,
improved land management and agronomic practices.

The latter include the choice of genetic material, and

Deficit irrigation for high yield and maximum net profits

Maximum crop productivity is achieved using high-yielding varieties with optimal water supply, soil fertility and crop
protection. However, crops can also produce well with sub-optimal water supply. In deficit irrigation, water supply is less
than the crop’s full requirement, and mild stress is allowed during growth stages that are less sensitive to moisture deficiency.
The expectation is that any yield reduction will be limited, and additional benefits are gained by diverting the saved water to

irrigate other crops or for other beneficial uses.

A six-year study of winter wheat production on the North China Plain showed water savings of 25% or more through the
application of deficit irrigation at various growth stages. In normal years, two irrigations (instead of the usual four) of 60 mm
were enough to achieve acceptably high yields and maximize net profits. In Punjab, Pakistan, a study of the long-term impacts
of deficit irrigation on wheat and cotton reported yield reductions of up to 15% when irrigation was applied to satisfy only
60% of total crop evapotranspiration. The study highlighted the importance of maintaining leaching practices in order to avoid

the long-term risk of soil salinization.

In studies carried out in India on irrigated groundnuts, production and water productivity were increased by imposing transient
soil moisture-deficit stress during the vegetative phase, 20 to 45 days after sowing. Water stress applied during the vegetative
growth phase may have had a favourable effect on root growth, contributing to more effective water use from deeper soil
horizons. Higher water savings are possible in fruit trees, compared to herbaceous crops. In Australia, regulated deficit irrigation
of fruit trees increased water productivity by approximately 60%, with a gain in fruit quality and no loss in yield.

It should be noted, however, that deficit irrigation can only obtain good results if the irrigation systems provide very reliable

water services that are also quite flexible.

Source: FAO (2011b).
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improved soil fertility management and plant protection. It
is important to note that plant breeding and biotechnology
can help by increasing the harvestable parts of the biomass,
reducing biomass losses through increased resistance to
pests and diseases, reducing soil evaporation through
vigorous early growth for fast ground cover, and reduced
susceptibility to drought. Therefore, managing overall
demand through a focus on water productivity rather than
concentrating on the technical efficiency of water use alone
is an important consideration (Box 7.1).

7.2 Conserving, protecting and

enhancing natural resources

It is crucial to protect and restore natural ecosystems like
wetlands, forests, rivers and lakes that provide important
ecosystem services with regard to the quality and quantity
of water (see Chapter 4). However, while preserving the
environmental function of water systems is a priority, its
execution will involve careful negotiation on required
environmental flows. Since agricultural landscapes also
perform environmental functions, the boundary between
environmental water requirements and agricultural water
demand is often not clear-cut (see WWAP, 2015, Chapter 7,
Case study "Progress on sustainable development objectives
in the Mekong Delta, Viet Nam.")

Planting rice in Viet Nam
Photo: UN Photo/Kibae Park

Rio Rural: Payments for environmental services in a watershed management programme

In the northern parts of the State of Rio de Janeiro, Brazil, past rural policies gave priority to mono-cropping of coffee and
sugar cane, as well as extensive cattle raising. The associated deforestation and unsustainable production systems lead to soil
degradation and depletion of water resources.

Since 2006, the Rio Rural Programme has been working to reverse this pattern by providing long term support to small family
farmers, to transition to eco-friendly productive systems. Since most of the more sustainable technologies have higher costs
of implementation and low impacts on rural income, it is crucial to establish a financial incentive system to support their
adoption.

With financing from GEF (2006-2011), the World Bank (2010-2018), federal and state programmes and the private sector, Rio
Rural will invest US$200 million on 180,000 ha and benefiting 78,000 farmers, of which 47,000 receive direct financial incentives
and technical assistance to improve productivity. In return, farmers agree to conserve remnant forest areas.

The Rio Rural strategy for long-term sustainability of farmers” agro-ecosystems is to ensure that every farming technology
upgrade is jointly adopted with a conservation practice, so farmers are able to raise productivity while improving environment
quality. Farmers who adopt rotational grazing systems with Rio Rural support also agree to release part of their lands to forest
restoration, to protect springs and riparian strips.

Activities directly related to water protection are partly funded by water supply authorities, at local, state and federal levels.
Rio Rural offers technical support and financial incentives to income generation activities and watershed management
committees invest earmarked shares of water fees directly in the conservation practices.

Contributed by the Rio Rural project team, Sustainable Development Department (SEAPEC), Rio de Janeiro State Secretariat of Agriculture, Brazil
(http//www.microbacias.rj.gov.br/index.jsp).
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With increased intensive agriculture, water pollution from
both point and non-point sources may worsen. Technologies
exist to limit agricultural water pollution, in particular through
integrated pest and plant nutrition management. Experience
from high income countries shows that a combination of
incentives, including more stringent regulation, enforcement
and well-targeted subsidies, can help reduce water pollution
(FAQ, 2012b). In addition, the PES approach (see Section
4.3.1), often in combination with the above-mentioned
incentives, can lead to a noticeable reduction in agricultural
pollution and savings in water treatment costs downstream of
agricultural land (Box 7.2).

7.3 Rural livelihoods and social well-being
Agricultural development aims to benefit those whose
livelihoods depend on it by increasing their access to
resources and assets, their participation in markets

and their job opportunities. If it fails to do so, it is
unsustainable. Since 75% of the world'’s poor live in

rural areas, broad-based rural development and the wide
sharing of its benefits are the most effective means of
reducing poverty and food insecurity (World Bank, 2007a).
The status of women, who make up the majority of the
world’s hungry and have disproportionately low levels of
resource ownership, requires special attention. With equal
access to resources and knowledge, female farmers, who
account for the majority of all subsistence farmers, could
produce enough additional food to reduce the number of
the world’s hungry by 150 million (FAO, 2011c).

Water scarcity can impose a major constraint on agricultural
productivity and rural poverty reduction. The vulnerability of
rural people remains considerable due to a combination of
highly variable and erratic precipitation; poor development
of hydraulic infrastructure, management and markets;

non-conducive land and water governance; and a lack

of access to water for domestic and productive uses. For
millions of smallholder farmers, fishers and herders, water
is one of the most important production assets. Securing
access to and control and management of water is key to
enhancing their livelihoods, especially in Africa (see Chapter
15). Approaches exist for well-targeted local interventions
in water that contribute to rapid improvement in the
livelihoods of the rural poor (Box 7.3). However, investments
in water infrastructure alone cannot suffice to improve
agricultural productivity. Farmers need access to inputs like

Th