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FOREWORD

I am very pleased to welcome this joint Indonesia—World Bank publication “Water for Shared Prosperity,”
which is the main theme of the 10" World Water Forum that will be hosted by Indonesia from May 18 to
25, 2024. Indonesia has made strong progress in economic growth and poverty reduction over the past
decade. Average gross domestic product (GDP) per capita increased almost ninefold in real terms since
1950, driving the expansion of its middle class and significantly reducing poverty. Indonesia’s economy
rebounded after COVID-19 with five percent GDP growth, and projections suggest continued growth of
5.2 percent through 2025.

The “Indonesia Vision 2045" sets out an ambitious target to further accelerate growth and transform the
country into the fifth largest economy in the world, which will require an average real GDP growth rate
of 5.7 percent until 2045, 100 years after Independence. A joint Bappenas—World Bank study “Indonesia
Vision 2045: Towards Water Security,” found that without dedicated action on water security, the country
will fall short of its 2045 GDP target by up to 7.3 percent and recommends action in three main pillars
covering: (i) water threats; (i) water services; and (iii) water governance.

Climate change poses a serious threat to economic growth and shared prosperity, and Indonesia is
particularly affected. Increasing volatility of rainfall and runoff magnifies flooding and droughts. Sea
level rise is jeopardizing Indonesia’s many and densely populated lowland areas. By 2050, 31 percent
of Indonesia’s districts will no longer record months of surplus water, more than double the number in
2010. More erratic rainfall patterns are compounded by a lagging national water storage capacity. About
50 percent of Indonesia’s GDP is currently produced in river basins experiencing “severe” or “high” stress
in the dry season.

This report addresses the 10" World Water Forum’s main theme “Water for Shared Prosperity” by looking at
the water challenges and risks that pose a threat to sustainable and inclusive development and economic
growth, and by recommending concrete action to improve the access to water and strengthen climate
resilience, while lifting all boats at the same time. The report showcases the many Indonesian innovations
that have been successful in addressing water insecurity and promote shared prosperity. Small-scale
desalination plants have been instrumental in providing potable water to communities living on small
islands and can be managed by these communities to ensure sustainability. To adapt to the impacts of
climate change, the Government of Indonesia is investing in the development of 61 dams that can store
3.81 billion cubic meters of water to reduce flooding and increase water supply for people, agriculture, and
environment.

In many of these reservoirs, investments can be made in tourism, hydropower, floating solar and fresh-
water fisheries to generate multi-purpose revenues that can help pay for the operation and maintenance
of the dams and the associated irrigation systems. Improving the safety of Indonesia’s 250 small and
large dams, as pursued under the Dam Operational Improvement and Safety Project, helps improve dam
operations so they can play a more effective role in reducing floods and increasing water supply.
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Comprehensive river restoration through the Citarum Bersih program in Java's largest river helps address
water insecurity that is the result of pollution. The lessons learned can be used to scale up the experience
in Indonesia and elsewhere. Bali's Subaks demonstrate the important role that communities play in the
management of irrigation and showcases the sustainability of these century-old institutions. Communities
can also play an important role in disaster risks management by managing and operating early warning
systems. Lastly, Indonesia’s Rural and Urban Water Supply Projects (PAMSIMAS and NUWSP) show that
sustainable and financially viable water supply can be achieved through community involvement and by
providing appropriate incentives to Local Governments and water utilities to improve the quality of service
delivery.

I genuinely hope that this report will help inspire countries and galvanize communities across the world
and infer a sense of pride to Indonesia as it is sharing with the world its solutions to water security and
shared prosperity.

H.E. Pak Basuki Hadimuljono
Minister of Public Works and Public Housing, Republic of Indonesia
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FOREWORD

| am pleased to present this book on Water for Shared Prosperity which makes a compelling case that the
World Bank’s vision of a world free of poverty on a livable planet will depend on achieving water security
for all. The focus on the connection between water, economic growth and shared prosperity is a distinctive
contribution of this book. Three aspects are highlighted as particularly important for human and economic
development—access to safe drinking water and sanitation, the availability of water as aninput to economic
activities, and the management of increasing hydro-climatic extremes, notably droughts and floods.

The essential role of water in human activity and the environment means that it impacts development at
grand-scale. Water shortages—or floods—can have devasting, economy-wide effects: Agriculture, fisheries,
energy production, manufacturing and transportation all depend significantly on secure and well-managed
water services. In low-income countries, nearly 60 percent of the population works in agriculture and
hydroelectric power alone generates some 40 percent of electricity on average.

Water also has outsized impacts on human wellbeing and the labor force: Polluted water and poor
sanitation and hygiene are causing at least 1.4 million deaths per year globally. Water-related diseases
like malaria add up to such death toll and so does chemical contamination of water, including lead and
arsenic. Exposure to chemicals and bacteria in water undermine the long-term physical and cognitive
development of tens-of-millions of children. The need to fetch water from faraway sources limits time for
school and productive work across developing countries, especially for girls and women. As the evidence
presented in this book also shows, the poorest segments of the population are typically most exposed to
water-related risks.

Over the past decades, the water resources and infrastructure needed for healthy populations and
functional economies have come under increasing stress. Rapid demographic expansion, economic
growth, pollution and inefficient resource management have led to the disappearance of 30 percent of
natural freshwater ecosystems over the past 50 years. Nearly a third of the world's regional aquifers show
not just a decline but an accelerating depletion. Climate change will further accentuate these pressures.

What is to be done? In the pages that follow, decision-makers will find valuable insights and policy
recommendations for a more sustainable, efficient, and equitable management of global water resources,
as well as concrete examples of how Indonesia, the host of the 2024 World Water Forum, is applying them
in practice. Significant reforms and investments are needed to improve resilience to climatic extremes,
and to strengthen the value chain of water services from source to distribution. This will require major new
infrastructure, the introduction of early-warning systems and more accessible insurance against floods
and droughts, regulatory reforms to achieve a more efficient allocation, management and pricing of water
services while protecting the poor, and closer cooperation in managing transboundary water.

The World Bank is ready to play a key role and has identified fast-tracking water security and climate
adaptation as an operational priority. In the East Asia Pacific region, we have already committed over $10.8
billion to finance water-related projects and reforms over the past decade. However, aggregate financing
shortfalls to achieve global water security are estimated to amount to trillions of US dollars. This is more
than government and international financial institutions such as the World Bank can finance on their own.
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The private sector will thus play an important role in solving global water challenges within a regulatory
framework that protects public resources and the most vulnerable.

“Water for Shared Prosperity”is a call to action and useful source of evidence and policy guidance to address
these challenges and improve our collective stewardship of our planet's most essential resource—water.

Manuela V. Ferro
World Bank Vice President for East Asia and the Pacific
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PREFACE

I am honored to present the joint Indonesia—World Bank publication, “Water for Shared Prosperity,” which
resonates deeply with the sentiments expressed by both Minister Basuki of Indonesia and Manuela Ferro,
the World Bank Vice-President for East Asia and the Pacific.

Minister Basuki's endorsement underscores Indonesia’s commitment to addressing water challenges as a
cornerstone of its development agenda. The country’s ambitious growth targets outlined in the “Indonesia
Vision 2045" underscore the critical importance of water security in achieving sustained prosperity. The
joint Bappenas—World Bank study further highlights the imperative of action in mitigating water threats,
enhancing water services, and bolstering water governance to ensure resilient growth.

Similarly, the Vice President’s foreword underlines the urgent need for collaborative action placing water
challenges and solutions at the forefront of the development agenda, to address global challenges such
as poverty, inequality, and climate change. The World Bank’s commitment to scaling up investments and
strengthening partnerships, to steer the road of shared prosperity, aligns seamlessly with the objectives
of this publication.

By showcasing the water sector’s global trends and challenges and presenting successful cases around
the world, our task to promote water security demands the highest standards. As we also learn from
the Indonesian innovations in addressing water insecurity and promoting inclusive growth, this report
offers new ways of promoting policies and accessible solutions. From small-scale sanitation systems to
comprehensive river restoration programs, Indonesia’s initiatives demonstrate the transformative power
of community involvement, inclusivity, and sustainable practices.

As we navigate the complexities of a post-pandemic world and confront the existential threat of climate
change, this publication serves as a beacon of optimism and action. It offers actionable recommendations
to enhance water accessibility, strengthen climate resilience, and alleviate poverty, while fostering
collaboration and driving meaningful change on a global scale that prioritizes the poorest.

I extend my heartfelt gratitude to all contributors, partners, and stakeholders whose dedication and
expertise have made this publication possible. May “Water for Shared Prosperity” inspire renewed
commitment and collective action towards a future where water serves as a catalyst for shared prosperity
on a livable planet.

Saroj Kumar Jha
Global Director for Water
World Bank Water Global Practice
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EXECUTIVE SUMMARY

In 1997, thousands of people gathered in Marrakesh, Morocco, for the first World Water Forum to address
an urgent problem: the global water crisis. The meeting resulted in the Marrakech Declaration, a pledge
that called on the World Water Council to develop a “World Water Vision” for the 215 century. In 2024,
thousands are convening in Bali, Indonesia, for the 10" World Water Forum. They will be addressing the
same crisis. But if the water crisis was already acute nearly three decades ago, its urgency has become
even greater today. Population and economic growth, coupled with environmental degradation and climate
change, have greatly intensified the global water crisis, as the Republic of Indonesia’s President Ir. Joko
Widodo has remarked (World Water Forum 2024).

Indonesia and Morocco are worlds apart in many ways. As the world's largest archipelago, Indonesia is
surrounded by water. On the other hand, Morocco is partly occupied by the Sahara, the world's largest hot
desert. However, one reality these (and many other) countries share is water stress. The 10" World Water
Forum is an invitation to consider the collective water issues in countries as different as Indonesia and
Morocco and to draw parallels among them. But it is also about finding solutions. These solutions must
work for rural farmers and urban dwellers across the world. They must stimulate economic growth, but
they cannot end there. They must also improve the lives of the poor and marginalized, consider inclusive
infrastructure, and tackle climate change. These tasks require inclusive actions, and hence the idea of
water for shared prosperity, the theme of the 10" World Water Forum.

In that vein, “Water for Shared Prosperity,” the global flagship report of the 10" World Water Forum co-
published by the World Bank and the Government of Indonesia, aims to identify the water challenges and
risks faced by the poorest and most marginalized populations and to inform policies that enhance water
accessibility and climate resilience while alleviating poverty and boosting shared prosperity. Although
various reports have covered water and development, this one fills a knowledge gap by exploring the
connection between water and inclusive growth.

This report makes three major contributions. It (1) provides a conceptual framework to illustrate the
relationship between water and shared prosperity; (2) presents new empirical evidence on the drivers,
extent and costs of inequalities in water access, as well as disparities in the impacts of climate-related
water shocks; and (3) identifies policy responses to improve water access, strengthen climate resilience,
and promote shared prosperity on a livable planet.

WHY WATER MATTERS FOR SHARED PROSPERITY: A CONCEPTUAL FRAMEWORK

Prosperity is multidimensional. This report defines four interconnected building blocks of prosperity:
health and education (human capital), jobs and income, peace and social cohesion (social capital), and
the environment (natural capital). Water determines prosperity through three primary channels: as safe
drinking water, as an essential input for various economic sectors, and as a critical support for ecosystems
(Figure ES.1).

Heath and Education. Water is at the core of equality of opportunity for health and education. Numerous
studies have established the causal link between safe and reliable water supply and various aspects of
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FIGURE ES.1 Equitable and inclusive water security for shared prosperity on a livable planet
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Source: World Bank.

Note: Water security is defined as the availability of an acceptable quantity and quality of water for health, livelihoods, ecosystems,
and production, coupled with an acceptable level of water-related risks to people, environments, and economies (Grey and Sadoff
2007). Water services include irrigation, water supply, and sanitation.

health (Andres et al. 2018; Maccini and Yang 2009; Shah and Steinberg 2017). Remarkably, through its
impact on human capital accumulation, the effects of access to water resources and water services,
particularly during the early stages of life, are long-lasting, often spanning multiple generations for
vulnerable individuals and communities. For instance, a dry shock in infancy can trap subsequent
generations in poverty and malnutrition (Damania et al. 2017). Children who grew up in homes with
access to basic services like running water and sanitation are not only more likely to achieve a better
education themselves but also tend to have children who attain higher levels of education (Gould, Lavy,
and Paserman 2011).

Jobs and Income. Water is also an essential input in production, and its reliable supply has a significant
impact on economic growth, jobs creation, and wages (Mueller and Quisumbing 2011; Mahajan 2017;
Khan et al. Forthcoming). In developing countries, where farming and fishery are often the main livelihoods,
employment disproportionately relies on water-intensive sectors and is sensitive to water availability.
Water-intensive sectors are responsible for 56 percent of jobs in low-income countries and only 20 percent
in high-income countries. In Sub-Saharan Africa, where water-dependent jobs account for 62 percent of
total employment, low rainfall availability often leads to large negative GDP growth (Miguel, Satyanath, and
Sergenti 2004; Petherick 2012).

Peace and Social Cohesion. The management and distribution of shared water resources can affect
social cohesion and the risk of conflicts at local, national, and transboundary levels. If water resources are
managed effectively and equitably, they can foster trust, inclusivity, and cooperation among communities,
ultimately promoting peace. However, if mismanaged, water can act as a threat multiplier, exacerbating
existing conflicts or leading to new conflicts. Countries with large populations, political exclusion of ethnic
groups, and a low level of human development are usually more susceptible to civil unrest that can be
triggered by water supply disruptions (Ide et al. 2020).
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Environment. Water provides a habitat for aquatic life, fosters biodiversity, and allows nutrient transport
within and among ecosystems. Water acts as a coolant to regulate temperature and influences or even
defines weather and climate patterns. It creates landscapes through erosion and sedimentation. In short,
water sustains life, fosters biodiversity, and makes our uniquely blue planet livable.

INEQUALITIES IN WATER ACCESS THREATEN BROAD-BASED DEVELOPMENT

Water is a crucial source of prosperity, but realizing its benefits requires sustainable management and
development of water resources, along with equitable and inclusive delivery of water services. However,
disparities in access to water resources and services are widespread. These challenges, further
compounded by population growth, rapid urbanization, and climate change, pose a significant threat to
shared prosperity.

By 2100, Africa’s per capita freshwater resources are projected to be 64 percent lower than today. In
contrast, Europe’s are projected to be 0.4 percent higher. Low-income countries are also affected by higher
seasonal rainfall variability, compounding their challenges in accessing reliable water sources. Globally, in
2022, 2.2 billion people lacked access to safely managed drinking water services; 3.5 billion people lacked
access to safely managed sanitation (WHO/UNICEF JMP 2023); 1.7 billion people lacked basic water
services at their health care facility (WHO/UNICEF 2022a); and close to 550 million children attended
schools without basic water and sanitation services (WHO/UNICEF 2022b).

Although significant disparities in access to safely managed water and sanitation also persist in high-
income countries (Mattos et al. 2021), the challenges are more formidable for low-income and least-
developed nations. Countries with higher percentages of individuals living in extreme poverty also have
higher percentages of people living without access to at least basic water and sanitation services. Despite
an increase in global coverage, the access gap between the rich and poor remains large. In low-income
countries, access has even regressed: in 2022, an additional 197 million people lacked safe drinking water,
and 217 million lacked basic sanitation, compared with the year 2000. Eight out of 10 people who lack
access to at least basic drinking water services and 7 out of 10 without access to at least basic sanitation
services live in rural areas, and little progress has been made in closing the rural-urban access gap in low-
income countries over the past two decades.

Unsafe water is a leading contributor to child mortality (Kremer et al. 2024). At the global level, during
2019 alone, poor WASH conditions contributed to between 1.4 and 4.2 million deaths and between 74
million and 204 million disability-adjusted life years (DALYs) due to diarrhea, acute respiratory infections,
undernutrition, and soil-transmitted helminthiases (WHO 2023). Lack of access to WASH also affects
optimal cognitive development, school attainment, labor productivity, and income.

Also evident are disparities in access to irrigation. Although irrigation expansion over the past 75 years
has transformed the global agricultural landscape, the benefits of irrigation have yet to be equally shared.
Gender, land distribution, class status, and access to capital all play a role in determining the distribution
of benefits within irrigation systems. Differential impacts can even be felt between continents—African rice
farmers benefit little from irrigation and related seed development, but they must compete with low-cost
rice produced from irrigated Asian farms.

EXECUTIVE SUMMARY
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CLIMATE CHANGE CAN EXACERBATE POVERTY AND INEQUALITY

Climate change manifests itself mainly through its impact on the water cycle. As global temperatures
rise, water supply will become more unpredictable, droughts will increase in frequency and severity, and
disease outbreaks after floods will become more likely (IPCC 2023). These water shocks can lead to crop
damage, lower food supplies and income, higher food prices, and increased risk of waterborne disease.
Water shocks also threaten peace and stability. Rainfall anomalies are shown to be associated with
increased incidences of conflict and social unrest, particularly in countries where rainfed agriculture is
the dominant source of income (Raleigh, Linke, and Dowd 2012; Hsiang, Burke, and Miguel 2013; Sarsons
2015; Koubi et al. 2021).

Developing countries and poor households are most exposed to climate shocks. During the period between
2000 and 2021, developing countries have been disproportionately affected by droughts, experiencing
more widespread and severe episodes compared to developed countries. Developing countries are also
more susceptible to flood-related risks and have endured longer-lasting floods during the same period.
Within countries, in urban areas, the poor are disproportionately at risk from flooding (Hallegatte 2016).
Low-cost housing in flood-risk areas is more affordable for the poor than other options (Zhang 2016).
Despite the perceived riskiness of flood-prone areas, socioeconomic factors often force the poor to settle
in these areas.

Climate shocks can have significant and long-lasting impacts on vulnerable households. The poor are
systematically underinsured. Uninsured or partially insured climate risks can increase risk aversion and
can shift income-maximizing investment to risk-reducing investment or discourage it altogether (Amare
and Shiferaw 2017; Di Falco and Chavas 2009). For example, farmers are likelier to stop using fertilizer,
leading to lower income growth in the long term (Dercon and Christiaensen 2011).

Droughts and floods can also lead to disinvestment in human capital development, with school dropout
rates increasing as a coping strategy to deal with financial hardships caused by water shocks. Extreme
floods can also affect school attendance by disrupting physical access to school facilities. The current
report estimates that extreme-flood-induced school absenteeism during 2000-22 will result in a lifetime
earnings loss of $565 billion for affected school children at the global level, with those in low-income
countries being particularly affected. The interconnected and cumulative impacts of climate shocks on
income and human capital could cause an additional 68 million to 135 million people to fall into poverty
by 2030 (Afino et al. 2020).

POLICY RECOMMENDATIONS: THE WAY FORWARD

When water resources, infrastructure, and services are not adequately managed, developed, and
delivered, water-related challenges—issues with too much, too little, or too polluted water—can exacerbate
inequalities and fragility. Throughout the value chain of water supply, from source to distribution, three types
of interventions can significantly improve water security and, concurrently, reduce poverty and increase
shared prosperity. These interventions aim to achieve (1) resilience to extreme hydro-climatic risks, (2)
water resources development and coordinated allocation to different water uses, and (3) equitable and
inclusive delivery of water services.

WATER FOR SHARED PROSPERITY



Achieving these three policy objectives requires a comprehensive set of interventions. This report outlines
the following policy recommendations that policy makers can consider to achieve equitable and inclusive
water security.

® Enhancing resilience to extreme hydro-climatic risks for the poorest by
O Setting up robust and inclusive early-warning systems.
o Developing insurance programs for weather risks and mitigating exposure to hydro-climatic risks
through regulations and financial support.
O Scaling up social protection schemes to assist vulnerable communities impacted by floods,
droughts, or both.

® Improving water resources development, management, and allocation by
O Scaling up nature-based solutions through innovative financing schemes and evidence-based
approaches.
o Enabling coordination of and cooperation for water allocation through information sharing and
financial incentives.
o Adopting water accounting to inform water allocation decisions.

® Improving equitable and inclusive service delivery by

Scaling up financing through institutional and tariff reforms.

Establishing participatory water governance to ensure transparency and accountability.
Creating an enabling regulatory and policy environment to promote innovations.

O O O O

Improving coordination of institutions responsible for water, health, education, and urban planning.
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Overview

“We forget that the water
cycle and the life cycle are one.”

Jacques Yves Cousteau



ABOUT THE TENTH WORLD WATER FORUM

When the first World Water Forum was held in 1997, the world was already facing a global water
crisis. The forum, which took place in Marrakech, Morocco brought together 400 attendees to address
this crisis. Thus, was born the Marrakech Declaration, which directed the World Water Council to
develop the “World Water Vision” for the 215 century. Nearly three decades later, in 2024, hundreds are
convening for the 10" World Water Forum in Bali, Indonesia, to address the same crisis. But this time
the crisis has become more alarming. The President of the Republic of Indonesia H.E. Ir. Joko Widodo
remarked that population and industrial growth, coupled with environmental degradation and climate
change, have greatly intensified the global water crisis (World Water Forum 2024).

Indonesia and Morocco are worlds apart in many ways. As the world's largest archipelago, the former
is surrounded by water. Conversely, although the latter has a coastline, a considerable portion of its
landmass is in the Sahara, the world's largest hot desert. Water stress touches not only many facets
of life in Indonesia and Morocco, but also in many other countries worldwide. The 10" World Water
Forum s aninvitation to consider the collective water issues in countries as different as Indonesia and
Morocco and to draw parallels between them. But it is also about finding solutions. These solutions
must work for rural farmers from Bangladesh to Kenya and urban dwellers from Brazil to Spain; they
must work for poor and marginalized groups and stimulate economic growth. Moreover, they must
consider inclusive infrastructure as they tackle climate change. More in general, inclusive action is
required—hence the idea of water for shared prosperity, the 10" World Water Forum theme.

WHAT IS SHARED PROSPERITY?

A decade ago, the World Bank introduced twin goals: to end extreme poverty by reducing the number
of people living on less than $1.25 a day to 3 percent by 2030 and to promote shared prosperity by
fostering income growth for the poorest 40 percent of the population in every developing country
(World Bank 2014)." Since it is arguably impossible to achieve the first goal without considering the
second and vice versa it stands to reason that shared prosperity is prosperity that lifts all boats,
development that lifts even the most marginalized members of society.

The World Bank has updated its definition of shared prosperity to “boosting prosperity, particularly for
the poorest, to achieve more equitable societies” (Development Committee 2023). It has also updated
its vision and mission to reflect the climate crisis and other global challenges. Its new vision is to
create a world free of poverty on a livable planet, and its new mission is to end extreme poverty and
boost shared prosperity on a livable planet (Development Committee 2023).

Shared prosperity goes beyond income and wealth. It is underpinned by a society that provides
equal opportunities for all to thrive. Indeed, the issue of inclusion is at the heart of the World Bank's
agenda to boost shared prosperity (World Bank 2014). As is acknowledged in the World Bank's
mission statement, inclusion means ‘increasing and improving the distribution of opportunities,
resources, and choices for all, especially for women, youth, as well as vulnerable and marginalized
people, with special focus on human development (including education, health, and social protection)”
(Development Committee 2023). The linkage here, as this report will detail, is that any water solutions
should be inclusive solutions that benefit all segments of the population and involve them in the
development process of a livable planet.
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FOCUS OF THIS REPORT

This report addresses the 10" World Water Forum's theme, “Water for Shared Prosperity.” It focuses
on distributional analysis by identifying water challenges and risks faced by the poorest and most
marginalized population. Its purpose is to inform policies and investment decisions aimed at
enhancing water access, strengthening climate resilience, and concurrently alleviating poverty and
boosting shared prosperity. Although many reports have covered water and development, this report
fills a knowledge gap by exploring the intricate connection between water and inclusive growth.

This report makes the following three contributions. It (1) provides a conceptual framework to illustrate
the relationship between water and shared prosperity; (2) explores and presents new empirical
evidence on the drivers, extent, and hotspots of inequalities in access to water services and disparities
in exposure to and impact of climate-related water shocks; and (3) identifies policy responses aimed
at addressing disparities in water access and impact of water shocks to promote shared prosperity.
It incorporates a comprehensive review of related literature and builds on the World Bank’s previous
work on water, economy and climate change, water poverty diagnostics and water social inclusion
analysis. It also introduces fresh new empirical analysis to offer a deeper understanding of the topic.

As detailed in the next section, the report is based on a conceptual framework that recognizes
water's role in creating better economic outcomes and providing equal economic opportunities
for all segments of society. The former includes jobs and income. The latter comprise health and
education, the two foundational elements required to level the playing field and eliminate barriers
to social mobility and inclusion (De Ferranti 2004; De Barros 2009). The report also delves into the
significance of water in promoting peace, social cohesion, and a healthy environment—all of which
are crucial components of prosperity that directly impact economic outcomes and opportunities.
This report therefore argues that inequalities in access to water resources and water services as well
as disparities in exposure and vulnerability to water shocks pose a direct threat to shared prosperity.

The report discusses water-related inequalities along two primary dimensions: (1) the disparity across
countries, particularly between high-income and low-income countries, and (2) the disparity between
the well-off and the poorest individuals within a country.? In addition to disparities based on income,
the report highlights evidence of unequal access to water services among marginalized groups
due to factors such as gender, location, ethnicity, race, political beliefs, and other social identities.
These identities often “intersect’—the effects of multiple forms of discrimination combine, overlap, or
reinforce each other—a concept known as intersectionality, and the excluded groups are frequently
overrepresented among impoverished communities (Das, Fisiy, and Kyte 2013).

WHY WATER MATTERS FOR SHARED PROSPERITY

Like poverty, prosperity is multi-dimensional (World Bank 2018). Although often defined according to
income, it also encompasses non-monetary factors, such as health, nutrition, access to education, a
peaceful society, and a healthy and sustainable environment. In the framework presented below, the
report defines four interconnected building blocks of prosperity and three primary channels through
which water determines prosperity. The report then describes how challenges related to access to
water services and hydro-climate shocks disproportionately affect poor and vulnerable populations.
Finally, the report highlights three key points in the value chain of water supply where effective policy
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interventions could mitigate the impact of climate change and promote equitable and inclusive water
services delivery. By addressing the water challenges facing the poorest and most marginalized
population, societies are more likely to achieve shared prosperity on a livable planet (Figure 1.7).

FOUR BUILDING BLOCKS OF PROSPERITY

The report outlines four fundamental building blocks that contribute to society’s shared prosperity:
human capital, social capital, natural capital, and jobs and income. More specifically, human capital
refers to health and education, social capital stands for peace and social cohesion, and natural capital
refers to the environment. The four building blocks are closely linked and mutually reinforce each other,
as explained in the following.

Human capital: Health and education

Health and education determine future economic opportunities. Philosophers and economists have
long argued that equality of opportunity is critical to achieving distributive justice (Arneson 1989;
Cohen 1989; Dworkin 1981a,b; Roemer 1998; Rama et al. 2015; Van De Gaer and Ramos 2020). The
idea is that personal talent and efforts—rather than circumstances at birth, such as gender, location,
and race—should determine an individual's prospects of success in life. Health and education are at
the core of equality of opportunity. Children with better health and education are better equipped to
reach their full potential and live productive lives. Societies with higher equality of opportunity are more
likely to achieve broadly distributed growth. Moreover, by increasing labor productivity, improvements
in health and education outcomes can result in better job opportunities and higher income.

Jobs and income

Jobs are an important, if not the most important, metric for measuring current economic outcomes.
Countries with higher employment levels tend to have lower poverty rates (Beegle, Hentschel and
Rama, 2013). According to Acemoglu (2019), shared prosperity cannot be achieved solely through
redistribution; it is created by generating jobs with decent incomes. Better jobs and higher incomes
also enable families to invest more in human capital, resulting in improved health and education
outcomes for their children. Societies with robust labor markets are likelier to achieve greater social
cohesion and political stability. On the other hand, human, social and natural capital all play an
important role in generating higher income.

Social capital: Peace and social cohesion

Peace and social cohesion among individuals and social groups are essential for achieving shared
prosperity within societies and among nations. Peace provides the foundation for economic growth,
infrastructure development, human capital investment and efficient resource allocation. Conflicts on
the other hand can disrupt economic activity, devastate human and physical capital, and exacerbate
inequalities. They also have the potential to spill over borders and cause regional or even global
instability.
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FIGURE 1.1 Equitable and inclusive water security for shared prosperity on a livable planet
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Source: World Bank.

Note: Water security is defined as the availability of an acceptable quantity and quality of water for health, livelihoods, ecosystems, and production,
coupled with an acceptable level of water-related risks to people, environments and economies (Grey and Sadoff 2007). Water services include
irrigation, water supply, and sanitation.

Natural capital: Environment

The environment plays a pivotal role in fostering economic prosperity and development, shaping
the wealth and well-being of both current and future generations. Good environmental quality is a
basic need for a healthy life for humans and ecosystems. In addition, natural resources produced
by healthy ecosystems play a vital role in delivering services and livelihood support to billions of
individuals, especially in rural and impoverished communities (Lynch et al. 2016; Portner et al 2022).
The environment and biodiversity also hold intrinsic social and cultural value (Jackson and Barber
2013; O'Donnell et al. 2023) and they are a legacy that must be shared with future generations.

THREE PRIMARY CHANNELS FROM WATER TO PROSPERITY

Water plays a crucial role in determining prosperity, mainly through three channels: as safe drinking
water, as an essential input for various economic sectors, and as a critical support for ecosystems.

Drinking water supply and sanitation

Drinking water is essential for human survival. For a healthy, productive life, that water must be
clean. Access to clean water and safe sanitation affects all stages of human development, especially
children’'s health and education, which determines future economic outcomes (Andres et al. 2018;
Gould et al. 2011; Kremer et al. 2023). Safe water and sanitation are also critical for promoting gender
equality and social inclusion. In many societies, women and girls bear the primary responsibility for
collecting water, often at the expense of education, employment, and other opportunities (WHO/
UNICEF 2023). Lack of proper sanitation facilities at school reduces girls’ school attendance (Adukia
2017). Access to clean water and safe sanitation facilities therefore reduces the burden on women
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and girls, enabling them to participate more fully in social, economic, and educational activities
(Koolwal and Van de Walle 2013).

Water for agriculture and food production and for other economic sectors

Water is an essential input in food production, and its reliable supply significantly affects food security.
As a critical input for agriculture, water plays a fundamental role in meeting our daily food and
nutrition needs. For instance, producing one kilogram of wheat requires at least 1,000 liters of water,
the production of one kilogram of beef steak requires around 15,000 liters of water (FAO 2020), and
70 percent of all water withdrawals and 90 percent of water consumption are allocated to agricultural
production. Food and nutrition affect health and cognitive development, particularly during the early
stages of life. Drought-induced maternal malnutrition can have adverse effects that span generations
for vulnerable individuals and communities (Damania et al. 2017).

Water is also significant for job creation, economic growth, and poverty reduction (Mueller and
Quisumbing 2011; Mahajan 2017). By providing more reliable access to water, irrigation expansion
over the past 75 years has transformed the lives of millions of small farmers (Jacoby 2017; Duflo and
Pande 2007). It has increased labor demand, stable employment, and crop yields (by 20 percent to 24
percent) in developing countries. By 2000, it had also reduced equilibrium crop prices by one-third to
two-thirds (Evenson and Gollin 2003; Pingali 2012), thereby increasing consumers’ purchasing power
and real income.

Water is essential for the forest, fisheries, energy, manufacturing, and transportation sectors. For
example, hydroelectric power accounts for roughly 15 percent of the world's electricity generation
and 40 percent in low-income countries. Water is also important for thermal and nuclear power plants
as a coolant and as an input for the production of biofuel and biomass power plants. In addition,
most global trade is transported by cargo ships across waterways, and reliable waterway systems
are particularly important for agricultural exports (USDA 2022). Water scarcity and extreme rainfall
shocks can hinder energy production, increase energy prices, reduce firm productivity, and disrupt
shipping and trade (Islam and Hyland 2019; Islam 2019; Latham 2023; Wilkes et al. 2022; Arslanalp
etal. 2023).

Ecosystems

Water provides a habitat for aquatic life, fosters biodiversity, and is a medium for nutrient transport
within and between ecosystems. Water acts as a coolant to regulate temperature and influences or
even defines weather and climate patterns. It creates landscapes through erosion and sedimentation.
In short, water sustains life, fosters biodiversity, regulates climate, shapes our physical world, and
makes our uniquely blue planet livable.

WATER SECURITY CHALLENGES THREATEN DEVELOPMENT OUTCOMES

Water is a crucial source of prosperity, but realizing its benefits requires sustainable management and
development of water resources along with equitable and inclusive delivery of water services such as
irrigation, water supply, and sanitation.
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However, disparities in access to water resources and services are widespread. These challenges,
further compounded by population growth and urbanization, pose a significant threat to shared
prosperity. Globally, 2.2 billion people lack access to safely managed drinking water services,
3.5 billion people lack access to safely managed sanitation facilities, 2 billion people rely on health
facilities without basic water supply, sanitation, and hygiene (WASH), and more than 800 million
children attend school without basic WASH services (WHO/UNICEF JMP 2024).

While significant disparities in access to safe water also persist in high-income countries (Mattos et
al. 2021), the challenges are more formidable for low-income and least developed nations. Countries
with higher percentages of individuals living in extreme poverty also have higher percentages of
people living without access to at least basic water and sanitation services. Despite an increase in
global coverage, the access gap between the rich and poor remains large. In low-income countries,
access has even regressed: in 2022, an additional 197 million people lacked safe drinking water and
217 million lacked basic sanitation, compared with the year 2000. Eight out of 10 people who lack
access to at least basic drinking water services and 7 out of 10 without access to at least basic
sanitation services live in rural areas, and little progress has been made in closing the rural-urban
access gap in low-income countries over the past two decades (Chapter 3).

Unsafe water is a leading contributor to child mortality (Kremer et al. 2024). At the global level, during
2019 alone, poor WASH conditions contributed between 1.4 and 4.2 million deaths and between
74 million and 204 million disability-adjusted life years (DALYs) due to diseases such as diarrhea, acute
respiratory infections, undernutrition, and soil-transmitted helminthiases (WHO 2023). Nevertheless,
there are other diseases resulting in more deaths and health burdens from water pollution (fluorosis,
lead poisoning and arsenic exposure), or from poor sanitation or hygiene (malaria, long-term child
stunting, schistosomiasis, and trachoma, to name few. Lack of access to WASH also affects optimal
cognitive development, school attainment, labor productivity, income, and job opportunities (Chapter 2).

Also evident are disparities in access to irrigation. While irrigation expansion over the past 75 years
has transformed the global agricultural landscape, the benefits of irrigation have not been equally
shared. Gender, land distribution, class status, and access to capital all play a role in determining
the distribution of benefits within irrigating systems. Differential impacts can even be felt between
continents—African rice farmers have benefited little from irrigation and related seed development,
while at the same time they have to compete with low-cost rice produced at irrigated Asian farms.

Climate change is making the problem worse. It manifests through its impact on the water cycle. With
global warming, there will be more unpredictable water supply, more frequent and severe droughts,
and a higher risk of disease outbreaks after floods (IPCC 2023). These water shocks can lead to
crop damage, lower food supplies and income, higher food prices, and increased risk of waterborne
disease. Water shocks also threaten peace and stability. Studies show that rainfall anomalies are
associated with increased incidences of conflict and social unrest, particularly in countries where
rainfed agriculture is the dominant source of income (see, for example, Raleigh, Linke, and Dowd
2012; Hsiang, Burke, and Miguel 2013; Sarsons 2015; Koubi et al. 2021).

Droughtsandfloods affectall four building blocks of prosperity. However, theimpact varies substantially
across countries and socioeconomic groups. Developing countries and poor households are more
exposed to climate shocks (Chapter 4). They are also more vulnerable to the impact of climate shocks
because of their (1) higher reliance on natural resources for livelihoods; (2) inadequate infrastructure
and water management systems to absorb shocks; and (3) limited capacity to recover from shocks.
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Climate shocks can have significant and long-lasting impacts on vulnerable households. For instance,
droughts and floods can lead to disinvestment in human capital development, with school dropout
rates increasing as a coping strategy to deal with financial hardships caused by water shocks (de
Janvry et al. 2006; Pham 2022). The poor are systematically uninsured or underinsured. Uninsured
or partially insured climate risks can increase risk aversion (Liebenehm and Waibel 2018) and
distort investment away from income-maximizing toward risk-reducing activities or, by discouraging
investment altogether, lead to lower income growth in the long term. This combination amplifies the
threat to the poor and can push more people into poverty and entrapment (Hallegatte 2012; Barrett
et al. 2019). It was estimated that climate change and shifts in hydrological cycles could cause an
additional 68 to 135 million people to fall into poverty by 2030 (Afino et al. 2020).

THREE TYPES OF POLICY INTERVENTIONS TO PROMOTE EQUITABLE AND INCLUSIVE
WATER SECURITY

When water resources, infrastructure, and services are not adequately managed, developed and
delivered, water-related challenges—issues with too much, too little, or too polluted water—can
exacerbate inequalities and fragility. Throughout the value chain of water supply, from source to
distribution, three types of interventions can significantly improve water security and concurrently
reduce poverty and increase shared prosperity. These interventions aim to achieve: (i) resilience to
extreme hydro-climatic risks; (ii) water resources development and coordinated allocation to different
water uses; and (i) equitable and inclusive delivery of water services.

While specific policy recommendations are often context dependent, this report highlights the
following interventions that could improve water security and be pro-poor and inclusive:

® Enhancing resilience to extreme hydro-climatic risks for the poorest by
Setting up robust and inclusive early warning systems.
o Establishing insurance programs for weather risks and mitigating exposure to hydro-
climatic risks through regulations and financial support.
o Scaling up social protection schemes to assist vulnerable communities impacted by floods
and droughts.

@ Improving water resources development, management, and allocation by
o0 Scaling up nature-based solutions through innovative financing schemes and evidence-
based approaches.
o Enabling coordination and cooperation for water allocation through information sharing and
financing incentives.
o Adopting water accounting to inform water allocation decisions.

@ Improving equitable and inclusive service delivery by

Scaling up financing through institutional and tariff reforms.

Establishing a participatory water governance to ensure transparency and accountability.
Creating an enabling regulatory and policy environment to promote innovations.
Improving coordination across institutions responsible for water, health, education and
urban planning.

O O O O
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OUTLINE OF THE REPORT

The rest of the report is structured as follows. Chapter 2 discusses the various ways in which water
contributes to the four building blocks of prosperity, providing both conceptual discussion and
empirical evidence. Chapter 3 explores the main drivers and magnitudes of unequal access to water
resources, and water services including irrigation and water supply and sanitation. Chapter 4 delves
into the effects of climate change and explores how droughts and floods disproportionately affect the
poor and vulnerable. Chapter 5 recommends policy actions to reduce inequalities in access to water
resources and water services, improve resilience, and boost shared prosperity. The report concludes
with a spotlight on several Indonesian programs that have implemented innovative approaches to
promote the use of water for shared prosperity.

NOTES

-

The poverty line of $1.25 a day was based on a set of 2005 purchasing power parity exchange rates (PPPs), which account for
differences in price levels and purchasing power across countries. The poverty line has since been updated twice to align with
new sets of PPPs. It currently stands at $2.15 a day in 2017 PPPs.

2 The first dimension reflects the recent evolution of the World Bank’s approach to measuring shared prosperity, which has
evolved from a country-level measure, i.e., the growth rate in average income among the poorest 40 percent of a country’s
population, to a global-level measure, i.e., the global average shortfall in income from standard prosperity set at $25 per day
(Kraay et al. 2023). This recent approach acknowledges that the bottom 40 percent of each country excludes a significant
number of individuals who may be relatively well-off within their respective countries but still live in poverty based on a global
standard.
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CHAPTER KEY MESSAGES

AND FINDINGS

+ Water is fundamental to promoting equality of opportunity for health and education. Lack
of access to safe water and sanitation contributes to malnutrition and stunting and has a
negative impact on optimal cognitive development and learning and skills acquisition. In
2019, poor WASH conditions were found to have contributed to a minimum of 1.4 million
and up to 4.2 million deaths globally, as well as 74 million to 204 million DALYs. Public
intervention to improve water access and safety among disadvantaged groups can help

reduce gender and human capital disparities.

+ Investment in water security supports job creation. Ensuring reliable water supply can boost
productivity and employment in water-intensive and related sectors. Developing countries

disproportionately rely on water-intensive sectors for employment.

+ Variations in water availability, exacerbated by climate change and environmental
degradation, can reduce social cohesion, and heighten tension and grievances. Preventive
policies to improve climate resilience and transboundary water cooperation are needed to

avoid conflicts.

+ Water sustains life, fosters biodiversity, and makes our uniquely blue planet livable. Natural
resources produced by water-dependent ecosystems play a vital role in delivering services
and livelihood support to billions of individuals, especially those in rural and impoverished

communities.

Water is essential for life. Human life cannot exist without clean drinking water. Water also underpins
food security. Producing a single kilogram of wheat requires at least 1,000 liters of water. Access to
food, nutrition, and clean water, affects all stages of human development, especially in children and
women, and the impact of inadequate access ripples across generations (Gould et al. 2011; Damania
etal. 2017; Andres et al. 2018).

Abundant water is also important for forestry, fisheries, energy, manufacturing, and transportation
sectors, playing a pivotal role in shaping a nation's wealth and prosperity. A flourishing economy is
more likely to create decent jobs to lift the poor out of poverty, especially in developing countries,
where the share of the economy that relies directly on water is high.
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FIGURE 2.1 Why water matters for shared prosperity
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Note: Water security is defined as the availability of an acceptable quantity and quality of water for health, livelihoods, ecosystems, and production,
coupled with an acceptable level of water-related risks to people, environments and economies (Grey and Sadoff 2007). Water services include
irrigation, water supply, and sanitation.

This chapter introduces a conceptual framework to illustrate the complex relationship between water
and shared prosperity (Figure 2.1). Based on both a conceptual discussion and empirical evidence, the
chapter describes how water security contributes to each of the four fundamental building blocks of
prosperity outlined in Chapter 1—health and education (human capital), jobs and income, peace and
social cohesion (social capital), and the environment (natural capital). This chapter also discusses
how water insecurity can become a vulnerability multiplier and pose a threat to shared prosperity.
Moreover, it presents evidence of how investing in water infrastructure and improving water services
delivery foster inclusive and equitable growth.

WATER FOR HEALTH AND EDUCATION

Water affects health and education through multiple pathways. Aside from physiological impacts,
water affects income, which serves as a primary transition mode. Wealth generated by irrigation,
for example, spurs investment in health care and increases food expenditures and nutrition levels
(Klinkenberg et al. 2008). Conversely, drought- and flood-induced poverty compels households to
reduce their spending on food and education, leading to adverse health and education outcomes.
Water security can also lead to conflicts, which can threaten physical safety and mental health.

HEALTH

Water security has long been understood as essential for preventing waterborne disease and
sustaining food and nutrition. Emerging evidence suggests that problems with water access can
also result in interpersonal violence (Tallman et al. 2023), stress (Young et al. 2019), and depression
(Aihara et al. 2016; Cooper-Vince et al. 2018). This section briefly reviews evidence in these areas.
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Drinking water supply and sanitation

One important mechanism through which water influences health is via the quality of drinking
water and personal hygiene. Numerous studies have consistently demonstrated a direct correlation
between the provision (or the lack) of drinking water, sanitation, and hygiene (WASH) services and
health outcomes.

WASH services are particularly important for health during the early stages of life (Andres et al.
2018), affecting birth outcomes and imposing an enduring legacy on human capital development. For
example, Brainerd and Menon (2014) found that a 10 percent increase in waterborne agrichemicals
in drinking water during conception raises infant mortality by 4.6 percent and neo-natal mortality by
6.2 percent. These effects are most severe in children of uneducated, poor families in rural areas.
DiSalvo and Hill (2023) examined the impact of drinking water contamination in community water
systems on birth outcomes in Pennsylvania, United States. They found that even when contamination
levels didn't trigger regulatory violations, they had significant adverse effects on birth outcomes,
including low birth weight and preterm births.

Polluted water leads to various waterborne diseases, diarrhea being the most common. Diarrhea
mainly affects children under five years of age. Persistent diarrhea in the early stages of life creates
a condition called gut dysfunction, which prevents children from absorbing nutrients and developing
normally. No matter how much food children with gut dysfunction eat, they will face stunting.
Inadequate access to minimum WASH is estimated to account for around 50 percent of global
malnutrition (Selim 2022). Malnourished children are also more vulnerable to waterborne diseases
such as cholera. Unsurprisingly, the lack of access to WASH is also a key determinant of stunting,
accounting for 54 percent of the variation in average height-for-age scores in children across countries.
Stunted growth results in lower levels of human capital (Damania et al. 2019).

Water and sanitation inadequacies can lead to various other health issues throughout a person’s life
(Andres et al. 2018). This is true for both developing and developed countries. In the United States,
polluted rivers used for recreation account for 90 million illnesses (including respiratory, eye, ear, and
skin illnesses attributable to water recreation), which costs the health system between $2.2 and $3.7
billion annually (DeFlorio-Barker et al. 2018). At the global level, in 2019 alone, poor WASH conditions
contributed to between 1.4 and 4.2 million deaths and between 74 million and 204 million DALYs
caused by diarrhea, acute respiratory infections, undernutrition, and soil-transmitted helminthiases,
and other WASH related diseases (WHO 2023).

Improving water quality is one of the most cost-effective ways to enhance health outcomes. A
significant body of literature reports that water quality improvement based on household water
treatment can reduce child diarrhea by 20-40 percent (Ahuja, Kremer, and Zwane 2010; Arnold and
Colford 2007; Clasen et al. 2006; Fewtrell et al. 2005; Waddington and Snilstveit 2009). In Argentina,
improvements in water supply infrastructure in slums even resulted in a 74 percent decline in diarrheal
episodes among children (Galiani, Gonzalez-Rozada, and Schargrodsky 2009). A meta-analysis of
18 randomized trials by Kremer et al. (2024) found that water treatment reduces the odds of all-cause
child mortality by a quarter. This implies a cost per DALY of well under $100, and less than S30 for
delivery through the maternal and child health system. This suggests that water treatment is among
the most cost-effective child health interventions available, representing a 30 to 70 times lower cost
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than the widely used threshold of 1x GDP per capita per DALY. In Bangladesh, Pitt, Rosenzweig, and
Hassan (2012) found that despite little growth in rural wages and no change in average calorie intake,
the average body mass index (BMI) by age and height of the rural population significantly increased
thanks to improved water quality.

Input for agriculture and other economic sectors

Ensuring sufficient and reliable water for agriculture is crucial to food security and nutrition, which in
turn support healthy and well-nourished people. For example, the large-scale irrigation expansion over
the past 75 years has helped prevent the Malthusian catastrophe predicted by many. The expansion
of irrigated areas has not only made food more abundant through increases in crop yields, but also
reduced its cost. Evenson and Gollin (2003) estimate that global food prices would have been 35 to
65 percent higher if the Green Revolution seed technologies supported by irrigation expansion had not
been developed. Price reductions provide substantial welfare benefits to consumers, in particular the
poor, as they spend a high proportion of their income on food.” Wealth generated by irrigation may
also spur investment in health care, for example, through the purchase of bed nets (Klinkenberg et al.
2008) or by increasing food expenditures and nutrition levels.

A more reliable water supply for agriculture, achieved through irrigation, is critical not only to the food
supply available for farmers and their communities, but also to the crop selection and diet diversity
(Von Braun, Hotchkiss, and Immink 1989). During the dry season, smallholder irrigation systems are
commonly used to cultivate vegetables and fruits, which in turn improve the food security and nutrition
of farmers and their communities, especially of people living in Sub-Saharan Africa, and of women
and children (Pinstrup-Anderson and Hazell 1985).? Studies consistently indicate that women from
irrigated farm households are more likely to meet their dietary needs than women from nonirrigated
farm households (Baye et al. 2022). Irrigation improves diets and buffers seasonal dietary gaps,
particularly in the case of poor subsistence farmers and rural and urban households that purchase
irrigated farming products at local markets (Mekonnen et al. 2022).

Among Ethiopian and Tanzanian households that reported having faced drought, women from
irrigated farm households had higher Women's Dietary Diversity Scores than women in nonirrigated
farm households (Baye et al. 2022). Children from irrigated farm households in Ethiopia have Weight-
for-Height Z-scores (WHZs)® with standard deviations that are 0.87 higher than those of children from
nonirrigated farm households (Mekonnen et al. 2022). Similarly, in Tanzania, irrigation is associated
with higher WHZs in children under 5 among households that experienced a drought in the five years
preceding the study. In Niger, irrigation is associated with a 10 percent decrease in food insecurity,
a 9 percent increase in food consumption expenditure, and improved dietary diversity (Kafle and
Balasubramanya 2022).

In contrast, food deprivation due to extreme weather events such as droughts can cause poor
nutritional status, with particularly detrimental effects on maternal women and children. Such impacts
can have generational consequences for health and welfare. For example, studies found that women
born during periods of below average rainfall grow up to be significantly shorter, less educated, and
less wealthy. Moreover, the children of these women are more likely to be significantly below average
size in terms of height for age, weight for age, or weight for height (Damania et al. 2017). This pattern
mirrors findings from studies conducted in Indonesia that highlight the impact of poor early-life rainfall

WHY WATER MATTERS FOR SHARED PROSPERITY

17



18

on adult height and wealth (Maccini and Yang 2009), as well as studies conducted in South Africa that
link low early-life rainfall to higher rates of adult disability (Dinkelman 2017).

Physical safety and mental health

Lack of access to water leads to physical safety hazards, especially for women. For example, the
exertion of hauling water has been reported as a cause of miscarriage (Pommells 2018; Collins et al.
2019; NCRI Women’'s Committee 2020). There is also an increase in physical, sexual, and emotional
violence by men against their female partners when there are issues with household water (Collins
et al. 2019; Tallman et al. 2023). Water insecurity has forced women to exchange sex for water (BBC
News 2022; Merkle et al. 2023). Tensions and conflict arising from water scarcity and drought could
affect health and physical safety if violence harms people or destroys water and health infrastructure.

EDUCATION

Education is a cornerstone for equality of opportunity. It is also at the forefront of global efforts to
reduce poverty. The significance of knowledge in catalyzing economic expansion and facilitating an
escape from poverty has long been documented, with pioneering works by Nelson and Phelps (1966),
Romer Paul (1986), and Barro (2000). Gethin (2023) estimated that education is responsible for half
of the worldwide economic growth. It is the foundation of 70 percent of the income gains experienced
by the poorest quintile, and has played a role in 40 percent of the drastic reductions in extreme poverty
since 1980. The impact of education extends to gender equality; education is credited for more than
half of the rise in women’s income share.

Throughout life, water exerts both direct and indirect effects on educational attainment. Drinking
water quality, food and nutrition, and income are the primary channels through which water affects
optimal cognitive development and school attendance throughout formal education (Figure 2.2).

Cognitive development

Water plays a crucial role in cognitive development, particularly during the early stages of life. A meta-
analysis conducted by the Center for Global Development found consistent evidence that exposure to
lead, which is often found in polluted water, can hinder childhood cognitive development. Furthermore,
the study found that lead exposure is responsible for one-fifth of the learning gap between high-
income countries and low- and middle-income countries (Silverman et al. 2023). Lead is especially
harmful to infants, who absorb it at rates four to five times higher than adults.

Without access to water, food production can be negatively affected, leading to malnutrition and other
health issues that hinder cognitive development. A study conducted by Aguilar and Vicarelli (2022) found
that children who experienced exogenous precipitation anomalies during their early years demonstrated
enduring cognitive development deficits, with an impact ranging from 0.15 to 0.19 standard deviations.
The study also identified adverse effects on children’s height and weight, which help link the impact on
cognitive development to deficiencies in food consumption and diet composition.

Public investment in basic water and sanitation provision has been shown to generate significant
cognitive gains. For example, Chen et al. (2017) found that children in rural China who gained access
to tap water during early childhood are associated with enhanced cognitive performance, with each
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FIGURE 2.2 Water affects education from early childhood through school-age years
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additional year of exposure resulting in a 0.109 standard deviation increase in cognitive test scores.
The cognitive advantages are most pronounced when tap water access begins at least a year before
birth, and they diminish when this access starts later.

Zhang and Xu (2016) found that a water treatment program in rural China in the 1980s increased
average educational attainment of children by 1.1 years. The effect is more pronounced among rural
girls, thereby narrowing the gender gap in education. In addition, the benefits are significantly higher
for those exposed to treated water in early childhood.

Orgill-Meyer and Pattanayak (2020) added evidence linking early childhood sanitation improvements
to sustained cognitive development and future labor market outcomes. Their study finds significant
cognitive benefits for children in villages in India with higher latrine coverage, particularly among girls,
when assessed a decade after the intervention.

Although the most severe negative impact on cognitive development occurs during early life
exposure, poor water quality can affect cognitive capability and school achievement throughout a
child’'s school-age years. For example, Asadullah and Chaudhury (2011) found that arsenic exposure
from contaminated drinking water decreases mathematics performance among both primary and
secondary school children. Marcus (2023) found that water quality violations in North Carolina,
specifically bacterial contamination, were associated with a decline in math scores by approximately
0.037 standard deviations, particularly when the public was unaware of the violation. This impact is
more pronounced in less affluent areas where students are more vulnerable to environmental factors.
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Barde and Walkiewicz (2013) found that access to piped water accounts for an 11 percent increase
in the standard deviation of average test scores of students in Brazil, indicating a significant boost to
educational performance through its impact on cognitive abilities.

School attendance

Access to basic water and sanitation facilities at school is crucial for creating an effective learning
environment. It decreases school absenteeism by reducing illness and establishing a safe and private
environment for pubescent-age girls to manage their menstrual hygiene needs. Based on a meta-
analysis, Jasper, Le, and Bartram (2012) found that schools’ lack of access to water and sanitation
facilities is correlated with higher rates of illnesses that can be detrimental to students’ learning
and overall school experience. The review also points to a significant reduction in diarrheal and
gastrointestinal diseases with enhanced sanitation facilities. Adukia (2017) found school enrollment
rates in India, especially among pubescent-age girls, significantly increase when sex-specific latrines
are provided. Additionally, the presence of any latrine type benefits younger children, who are
particularly susceptible to health risks from poor sanitation. Jasper, Le, and Bartram (2012) and Shah
etal. (2022) also documented the link between the presence of sanitation and hygiene facilities and a
decrease in school absenteeism, predominantly in developing countries.

The presence of proper water and sanitation facilities at home can also significantly improve school
attendance rates. Zanoni, Acevedo, and Guerrero (2023) found that slum upgrading programs,
including enhancements to water infrastructure, resulted in a significant increase in elementary
school attendance in Uruguay. Students who benefited from slum upgrading programs had 28 fewer
absences and a lower probability of being recurrent absentees. Ortiz-Correa, Filho, and Dinar (2016)
revealed that children in households with access to piped water and sewerage systems achieved 0.7
and 0.8 more school years, respectively, compared with those without such access in Brazil. This
positive effect is particularly pronounced in lower-income households.

Access to convenient and safe water at home can free up time that would otherwise be spent fetching
water. In Ghana, reducing by half the time spent fetching water increased by 6 percentage points the
share of girls attending school. In India, having access to a water source closer to home has been
linked to improvements in female literacy (Andres et al. 2018). It has been reported in Kenya that
waiting for water tankers or in long queues at boreholes has made children late for school, or even
made them miss school completely (Dreibelbis et al. 2013).

Evidence suggests that among vulnerable households, dropping out of school is used as a coping
strategy to deal with financial hardships caused by rainfall shocks. For example, Pham (2022) found
that delaying primary school entry emerged as a coping strategy for the adverse effects of floods,
especially among ethnic minorities in Viet Nam. As a result, excess rainfall, particularly during typhoon
season, is associated with lower school enrollment among children. In Mexico, water shocks and
natural disasters reduced community enrollment in education by 3.2 percentage points (de Janvry
et al. 2006). The study also showed that once children were taken out of school, even temporarily,
they were 30 percent less likely to continue with their studies than those who remained at school.
In Pakistan, analysis of household surveys conducted before and after the 2010 floods shows that
the floods led to a sharp rise in school dropout rates, with a measurable impact on literacy rates and
education levels. As a response to the floods’ impact on income and employment, many households
withdrew their children from education (Khan and Hussain 2023).
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Water shocks can have an unequal gendered impact on educational outcomes. Following a flood in
a slum in Buenos Aires, Argentina, 70 percent of women reported suspending their education. This
figure is nearly 50 percent higher than the proportion of men who reported suspending their education
(Kristoff et al. 2020).

WATER FOR JOBS AND INCOME

Investment in water security contributes to job creation through multiple channels. First, investment in
water infrastructure can lead to direct onsite employment for construction, maintenance, and operation
of water facilities, such as dams, irrigation canals, and water supply and sanitation systems (Moszoro
2021).4 Second, large investments could stimulate short-term growth and indirectly contribute to job
creation in related industries (Schwartz, Andres, and Dragoiu 2009; Romer and Bernstein 2009). Third,
and perhaps most importantly, water is a critical input for many economic activities, and ensuring
reliable water supply could expand job demand by boosting productivity for water-dependent and
related sectors, such as agriculture, energy, manufacturing, and transportation. Globally, about
78 percent of jobs have some level of water dependence, and 42 percent are significantly water-
dependent (Das, Fisiy, and Kyte 2013). In addition, as discussed in the previous section, water affects
health and education, and plays a critical role in boosting labor productivity and supply. Jobs created
under this category tend to be long-term and broad-based, as is further discussed below.

AGRICULTURE

Agriculture is the largest water consuming sector. Almost 70 percent of withdrawn water is used for
agriculture, which is the main source of income of most rural poor. In low-income countries, jobs
have a higher water dependency because of those economies’ strong reliance on agriculture (Figure
2.3). Water availability has a significant impact on agricultural productivity and economies that rely
heavily on rainfed agriculture (Figure 2.4). Damania et al. (2017) found that a dry shock (defined as
rainfall that is at least one standard deviation below normal levels) can reduce agricultural yields
by approximately 10 percent while a wet shock of a similar size can increase them by about 7.4
percent.

Irrigation expansion over the past 75 years has been a game changer for the global agriculture industry.
By providing more reliable access to water, irrigation has significantly increased food production,
creating jobs and reducing poverty. Irrigation expansion supported the Green Revolution, which is
estimated to have increased crop yields in developing countries by 20 to 24 percent (Evenson and
Gollin 2003; Pingali 2012). Independently, the tripling of irrigated area in China from the late 1950s into
the early 271t century (Wang et al. 2020) and the development of related seeds underpinned perhaps
the most rapid national poverty reduction in history (Huang, Yang, and Rozelle 2006), replacing the
question "Who Will Feed China?” (Brown 1994) with “Who Will China Feed?” (Lohmar and Gale Jr.
2008).

More recently, the expansion of groundwater irrigation has transformed the lives of millions of small
farmers, particularly in South Asia (Jacoby 2017; Duflo and Pande 2007). Irrigation enables more
cropping seasons, including during dry periods. Increased output from irrigated land requires a
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FIGURE 2.3 Developing economies disproportionately rely on water-intensive sectors for employment
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Note: Analysis is based on the International Labour Organization (ILO) Statistics employment data at ISIC-2 level. Water-intensive sectors include
agriculture, forestry, inland fishing, and aquaculture; mining and resource extraction; water supply and sanitation; power generation; manufacturing
of food and pharmaceuticals; and health care (United Nations 2021). Bars denote the mean in 2017-21 across countries and within each country
income group. The inter-quartile range (IQR) denotes the range of values between the bottom 25 and bottom 75 percent of the observations.
Income groups correspond to the groups the World Bank defined for its fiscal year 2024.

FIGURE 2.4 Gross domestic product growth was highly correlated with rainfall variability in Ethiopia (1982-2000)
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substantial increase in the number of laborers and creates longer employment periods for the main
and new cropping seasons (Hussain and Hanjra 2004). In India, for example, irrigated land exhibited
a 50 to 100 percent higher demand for agricultural labor compared to rainfed land (Briscoe and Malik
2006).° In Bangladesh, modern irrigated rice cultivation has increased employment by 80 to 116 days
per year per hectare. Moreover, the introduction of irrigation increases employment stability (Briscoe
and Malik 2006) and benefits farmers from outside the irrigated area. During harvest periods, in-
migration of landless labor and landed farmers from rainfed regions becomes prevalent (Sharma,
Varma, and Joshi 2008).

The recently developed commercial horticulture sector, which has benefited from privately financed
irrigation, has shown great employment potential in developing countries. The horticulture sector is
labor-intensive and generates significantly higher income per unit of land and water, creating more
on-farm and off-farm employment opportunities and leading to higher real wages in local economies.
It is also a pro-poor sector because it benefits small farmers, particularly women.

In Kenya, for instance, the horticulture sector directly employs 4.5 million people in production,
processing, and marketing. Another 3.5 million people benefit indirectly through trade and other
associated activities, as the sector has rapidly emerged as one of the largest foreign exchange earners
in the country (Kanyua, Waluse, and Wairimu 2015). Similarly, floriculture is highly profitable in the
Philippines and Ethiopia, contributing to improved employment conditions. In India, the sector helps
improve the socioeconomic development of tribal women in regions with harsh dry lands and few
employment opportunities (Patel et al. 2018). In Pakistan, the floriculture business is concentrated
among the small growers (Rafiq 2024).

ENERGY

Energy is another sector that relies heavily on water for production. Low-income countries
disproportionately rely on hydro for power generation. Hydroelectric power accounts for roughly 15
percent of the world's electricity generation but, in low-income countries, it is, on average, responsible
for 40 percent of electricity production (Figure 2.5). Water is also important for thermal and nuclear
power plants as a coolant and as an input for the production of biofuel and biomass power plants.
Furthermore, having an ample and reliable water supply is critical for facilitating the transition to
sustainable energy and for implementing innovative technologies such as green hydrogen, water
batteries, data farms, and chip factories. Because water and energy are so closely intertwined,
water shortage can lead to electricity shortage. Countries like Brazil and South Africa, which rely
on hydroelectric energy, face frequent power disruptions caused by insufficient water to effectively
operate their turbines (De Souza Dias et al. 2018; IEA 2020). In 2023, a major drought simultaneously
shrank Europe’s hydropower and thermal power capacity, the latter due to insufficient cooling water.

As electricity is a critical input for the production of almost all goods and services, the spillover effects
of water shortages on the economy and employment—through impacts on electricity supply—are
likely to be much larger than the direct impacts of water shortages on agricultural and industrial
activities alone. The impact of electricity outages on firm productivity is well documented (Allcott,
Collard Wexler, and O'Connell 2016; Chakravorty, Pelli, and Marchand 2014; Fisher Vanden, Mansur,
and Wang 2015; Fried and Lagakos 2020; Grainger and Zhang 2019; Zhang 2019). Mensah (2024)
found direct evidence that electricity shortages can reduce the number of employment opportunities
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by almost 14 percentage points in Africa; these shortages mostly affect workers in nonagricultural
sectors and those with skilled jobs.

MANUFACTURING AND TRANSPORTATION

Water is critical to various manufacturing processes and plays a crucial role in industries such as food
processing and mineral extraction. The World Bank Enterprise Survey (WBES) revealed that almost 16
percent of firms experience water shortages on a monthly basis (Figure 2.6). Small and medium-sized
firms are hit particularly hard by these water shortages, both in terms of their frequency and duration
(Figure 2.7).

Water scarcity that leads to shortages for industrial needs can negatively affect the productivity of
industries and firms (Islam and Hyland 2019; Islam 2019), which in turn reduces their labor demand.
In addition, Damania et al. (2017) found that large and prolonged shocks reduced labor income by 8
to 11 percent in Latin America. The informal workers, the self-employed, and workers in small firms
are the most affected.

In addition, water plays an important role in transportation and trade. According to USDA (2022a,b),
most global trade is transported by cargo ships across waterways, and reliable waterway systems are
particularly important for agricultural exports. Almost 60 percent of global food miles pertain to travel
by boat (Poore and Nemecek 2018).°

FIGURE 2.5 Low-income countries disproportionately rely on hydroelectric power for electricity generation
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by country income group (2017-22)

100 -
©
S 80
2 c
=8
S M Mean
$3 60
§_ g_ T 1QR (25 to 75 percentile)
S 2
28 40-
S0
09
a [J]
< 20 -
77

High Upper Lower Low
middle  middle

Source: World Bank.

Note: Analysis is based on data from Ember — Yearly Electricity Data (2023), Ember — European Electricity Review (2022), Energy Institute —
Statistical Review of World Energy (2023) via Our World in Data. Bars denote the mean in 2017-22 across countries and within each country
income group. The inter-quartile range (IQR) denotes the range of values between the bottom 25 and bottom 75 percent of the observations.
Income groups correspond to the groups the World Bank defined for its fiscal year 2024.
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However, low water levels along waterways can disrupt the shipping of goods and cause vessels to
run aground, which can greatly affect trade (Chan, Manderson, and Zhang 2024). In recent years,
several key rivers, such as the Mississippi, the Rhine, and the Yangtze, have been hit by drought,
affecting a billion tonnes’ worth of cargo (Latham 2023; Wilkes, Wittels, and Vilcu 2022).

FIGURE 2.6 Firms in low-income countries are more likely to experience water shortages (2016-20)

30 1

Percent of firms

N
o

—_
o

04

High

Source: World Bank.
Note: Analysis is based on data from the from the World Bank Enterprise Survey (WBES). Bars denote the mean in 201620 across countries and
within each country income group. The inter-quartile range (IQR) denotes the range of values between the bottom 25 and bottom 75 percent of the
observations. Income groups correspond to the groups the World Bank defined for its fiscal year 2024.

Upper Lower
middle  middle

Low

B Mean
T 1QR (25 to 75 percentile)

FIGURE 2.7 Small and medium-sized firms face more severe water shortages
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The transport problem caused by low water levels is even more acute in developing countries with
limited road networks, such as the Congo Basin countries. The Congo River directly serves more than
33 million people living within 50 kilometers of a navigable river, and rivers are the only means of
transport. On the Oubangui tributary, the duration of low-water periods has increased from 4 days per
year in 1971 to more than 200 days per year since 2002, disrupting transport for over half of the year
(Trigg et al. 2022). This situation poses significant challenges for the people who rely on the river for
transportation, trade, and other essential activities.

LABOR SUPPLY

Water affects the quantity and quality of labor supply through its impact on individual health, skills
development, and time allocation choice. Lack of access to safe water can negatively affect adult health
and can decrease productivity and employability. Pitt, Rosenzweig, and Hassan (2021) found that
exposure to arsenic-contaminated groundwater severely affects cognitive and physical capabilities
as well as educational attainment, especially of young males in Bangladesh. Their estimates show
that cutting in half the average levels of arsenic would increase the proportion of young males in
skilled occupations by 24 percent and the proportion of young men running nonfarm businesses by
26 percent. Additionally, water scarcity can lower labor participation by forcing individuals to spend
more time fetching water, a burden that mostly falls on women and girls (Figure 2.8).

WATER FOR PEACE AND SOCIAL COHESION

Water transcends the boundaries between sectors, communities, and countries. Transboundary river
and lake basins are shared by 150 countries, cover 47 percent of Earth's land surface, and include
52 percent of the world's population (McCracken and Wolf 2019). Groundwater is also shared, with
at least 592 transboundary aquifers identified (IGRAC 2015). The management and distribution of
shared water resources can significantly affect social cohesion and the risk of conflicts. If water
resources are managed effectively and equitably, they can foster trust, inclusivity, and cooperation
among communities, ultimately promoting peace. If mismanaged, they can act as a threat multiplier,
exacerbating existing conflicts or leading to new conflicts.

A vast body of literature explored the empirical evidence of the water-conflict link and found that
variations in water availability, exacerbated by climate change and environmental degradation, can
escalate conflicts at different scales and across regions (Raleigh and Kniveton, 2012; Hsiang et al.
2013; Sarsons 2015; Koubi 2019; and see Dell, Jones, and Olken 2014 for a review of earlier papers).”

The literature suggests several mechanisms through which water-related challenges can increase
the risk of conflicts. These mechanisms can be broadly categorized into three groups: those related
to the economic and labor market impacts of water shocks, those related to the social impacts of
water shocks, and those related to direct competition for scarce resources. In addition, evidence
suggests that the impact of water shocks on health can also contribute to conflicts. Evidence of these
mechanisms is briefly reviewed in the rest of the section.®

First, water scarcity can lead to conflict through its effects on income, opportunity cost and state
capacity. Favorable rainfall increases the chances of good harvests and the opportunity cost of
engaging in violent activities, which in turn reduces rebel group recruitment. Conversely, droughts
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FIGURE 2.8 Women as the carriers of water
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collection by country (2012-22)
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reduce agricultural outputs and income, and decreases the opportunity cost of engaging in fighting.
Additionally, a decline in economic output could decrease government revenues and there by reduce
the fiscal capacity of the government to maintain security (Besley and Persson 2010).

Miguel, Satyanath, and Sergenti (2004) revealed that adverse rainfall shocks resulting in negative GDP
growth led to anincrease in the incidence of civil wars in 41 African countries between 1987 and 1999.
Similarly, Harari and La Ferrara (2018) found that agriculture relevant rainfall shocks significantly
increased both the likelihood and intensity of conflicts in Africa from 1997 to 2011.

Based on data from 154 countries from 1963 to 2007, Burke and Leigh (2010) found that economic
output contractions, particularly those resulting from adverse weather conditions, significantly
heightened the chances of democratic change within the following year.

Guariso and Rogall (2017) found that rainfall anomalies can exacerbate grievances among politically
marginalized groups and play a role in the emergence of ethnic conflicts. Using data covering
2714 ethnicities across 42 African countries from 1982 to 2007, the study found that ethnic groups that
had recently lost political power were more prone to engage in civil conflicts when adversely affected
by rainfall shocks during crop-growing seasons.

Second, inadequate water management and access can generate grievance and disrupt trust and
social contracts, which may lead to broader political instability. For example, rainfall anomalies can
lead to food shortages and spikes in market prices. The rising price of staple crops in 2008 and 2011
led to massive protests and riots in dozens of countries, especially as urban consumers demanded
relief from price inflation (Alexandratos 2008). Koren and Mukherjee (2022) showed that perceptions
of food and water insecurity are mutually reinforcing, increasing social unrest in Kenya.

Through the food security channel, water scarcity not only has significant impacts within individual
countries but also has spillover effects across the globe. For example, droughts can affect global food
trade and food prices, which disproportionately affect countries heavily reliant on food imports. Food
crises resulting from droughts have sparked protests and instability in other regions, even when being
geographically distant (Schmeier and Gupta 2020).

Salihu and Guariso (2017) showed that unequal rainfall distribution exacerbates citizens’ grievances
over government performance and fosters mistrust between farming communities and nomadic
herding groups, increasing the prevalence of civil conflict in Nigeria.

Fair et al. (2014) found that even in the absence of significant economic hardship, rainfall shocks can
alter the political equilibrium by incentivizing political knowledge acquisition and citizens’ attention
over government performance.

Third, competition over scarce water resources and related services can lead to tensions and conflicts
among various social groups and even between states. For instance, increased demand for water,
especially in regions where water is scarce, can cause a rift between urban and rural water users, as
well as conflict between upstream and downstream populations (Garrick et al. 2019).

Levy, Sidel, and Patz (2017) detailed instances of violence and unrest related to water scarcity across
various regions. The study notes that most conflicts occurred because of disputes over water access
and allocation. These conflicts largely arose in areas already affected by violence and involve farmers,
pastoralists, and local communities in both rural and urban areas.
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Harari and La Ferrara (2018) note that water issues triggered numerous conflicts between states
in Sub-Saharan Africa over six decades (1958-2019). These conflicts sprang from diverse roots,
such as the clash of interests between water-abundant upstream countries and their parched
downstream neighbors, the unreliability of water and electricity supplies, land shortages for habitation
and agriculture tied to water access, and contention over shared water resources, such as irrigation
systems and dams.

Mozambique is an example of a downstream riparian state that is highly vulnerable to changes in
water supply and demand by upstream states. A recent study suggests the potential for significant
conflicts within the country resulting from increased water variability, reduced water availability, and
increased population growth (World Bank 2023).

In the Inner Niger Delta, changing rainfall patterns and upstream infrastructure development have
severely undermined the water security of farmers, herders, and fishermen, diminishing their
income, quality of life, and livelihoods. Social cohesion has eroded, with different users competing
over increasingly scarce and mismanaged water resources, often in a violent manner (World Bank
2019). These challenges create vicious cycles of water insecurity and conflict, exacerbating existing
development issues.

Water shocks can trigger migration.® Migration—both within countries and across national boundaries
—can lead to intensified competition over water and other basic services, such as jobs and housing,
which may intensify intercommunal frictions and conflicts and increase demands on governments
(Suhrke 1997; Reuveny 2007). Levy, Sidel, and Patz (2017) suggest that extreme weather events
contributed to the onset of the civil war in Syria, where a severe drought from 2006 to 2070 led to
mass migration from rural to urban areas, fueling political and socioeconomic instability.

Another pathway by which water can cause social unrest is through the effects of water on health.
Using data from 140 countries during the period 1960-2010, Cervellati et al. (2017) conclude that
epidemic outbreaks increase the risk of civil conflicts. Weather shocks, such as droughts and heat
waves, significantly increase population exposure to infectious diseases, which in turn increase the
likelihood of civil strife.

Notably, the dynamics of conflict and social unrest vary depending on local conditions, socioeconomic
factors, and institutional responses by the state. Weather shocks typically do not lead to civil conflicts
in wealthy, stable countries, and in the world as a whole (Dell, Jones, and Olken 2012)."° In contrast,
extreme weather events are more likely to lead to conflicts in countries with large populations, political
exclusion of ethnic groups, and a low level of human development. In such countries, almost one-third
of all conflicts, over the 1980-2016 period were preceded by a climate disaster within seven days (Ide
et al. 2020).

Policies to improve resilience against climate change and transboundary water cooperation could
mitigate conflicts and are most effective when implemented before crises escalate. They can enhance
water security by reducing the risk of violent conflicts over water resources. In addition, cooperation
on shared water resources can contribute to economic growth and jobs. In the Mashreq region,
for example, economic modeling shows that the effects of water scarcity on the economy under a
changing climate will be 60 percent less severe under a cooperative scenario (Taheripour et al. 2020).
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WATER FOR THE ENVIRONMENT

Water is, literally, life. It provides a habitat for aquatic life, fosters biodiversity, and is a medium for
nutrient transport within and between ecosystems. Water acts as a coolant to regulate temperature
and influences or even defines weather and climate patterns. It creates landscapes through erosion
and sedimentation. In short, water sustains life, fosters biodiversity, regulates climate, shapes our
physical world, and makes our uniquely blue planet livable.

Natural resources produced by water-dependent ecosystems play a vital role in delivering services and
livelihood support to billions of individuals, especially those living in rural and impoverished communities.
Aquatic ecosystems are among the world’s most complex and biologically diverse ecosystems that
bring key resources to poor people. Indigenous people and rural populations rely heavily on water-related
ecosystem services such as mangroves, wetlands, and fishing grounds for their livelihoods (IPCC 2022).
In the Sahel region, where approximately one-third of the population falls below the international poverty
line, groundwater-dependent ecosystems are regarded as lifelines for communities and are fundamental
to the survival of various protected species (Rodella, Zaveri, and Bertone 2023).

Water not only is a crucial component of natural capital for economic growth but also has immense
social and cultural value, including spiritual significance. For instance, indigenous water value
encompasses both economic value and nonmonetary value, highlighting the cultural and historical
links with water bodies, as described in the Cultural Water Paradigm (O’'Donnell et al. 2023). Water
also plays a significant role in the rituals and practices of various religions and beliefs. These diverse
values underpin shared prosperity and hinge on inclusive governance.

However, poor water management has severely degraded water resources and the environmental
services they create.”” Globally, wetlands are disappearing three times faster than forests (Tickner
et al. 2020). Likewise, many major aquifers are in serious decline (Jasechko et al. 2024). Most rivers
no longer flow freely to the sea (Grill et al. 2019), and many no longer reach the sea at all. In many
parts of the world, especially Eastern and Southern Asia, Northern Africa, and Western North America,
human water use already surpasses local planet boundaries, leaving no water for environmental
requirements (Kulionis and Pfister 2022). Reduced water availability can lead to altered nutrient
availability and metabolism, affecting the stability of corals, and decreasing their health (Morris et al.
2019). Additionally, it can affect soil biodiversity, modify vegetation dynamics, and alter soil physical
properties, ultimately influencing ecosystem services related to soil formation and water regulation
(Keesstra et al. 2016).

Water pollution poses a significant threat to natural environments and ecosystems and is anincreasing
concern for both poor and rich countries (Damania et al. 2019). Industrialization, agricultural practices,
natural factors, and inadequate water supply and sewage treatment facilities are all sources of water
pollution. When water pollution is unchecked and continues to increase, it can alter and disrupt the
natural environment and ecosystems. Numerous studies have shown that water pollution is a major
contributing factor to the deterioration of Earth's ecology, affecting the quality of water and aquatic
ecosystems, as well as living organisms (Morin-Crini et al. 2022; Lomova et al. 2019). Poor water
quality also threatens economic growth, harms public health, and imperils food security. Desbureaux
etal. (2019) estimated that downstream regions of heavily polluted rivers have experienced economic
growth reductions ranging from 1.4 to 2.5 percent. This affects low-income countries by dragging
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their economic growth rate (which is higher in relative terms) and affects high-income countries’ total
value of output (which is higher in absolute terms).

Declining water availability and water pollution together have degraded global freshwater ecosystems.
Since 1970, an estimated 30 percent of natural freshwater ecosystems have disappeared (Tickner et
al. 2020) and the population of freshwater species has plummeted by 83 percent (WWF 2022).

CONCLUDING REMARKS

Water security is crucial for fostering shared prosperity and inclusive growth. Improving water access
and safety can reduce gender and human capital disparities among disadvantaged groups and
ensure long-term social cohesion and peace. However, mismanagement of water can lead to forgone
development opportunities, environmental degradation, and conflict. Despite efforts to improve water
access, inequalities persist, and climate change can exacerbate these inequalities. The next two
chapters examine evidence of inequalities in water access and disparities in the effects of climate
change across various income and social groups.

NOTES

T In many Sub-Saharan African countries, food expenditures often represent more than 40 percent of income compared with
less than 7 percent in the United States (Zeballos and Sinclair 2023). However, the lowest quintile of income earners in the
United States also spend an average of 40 percent of income on food.

2 However, irrigation could also lead to monocropping and associated negative impacts on nutrition. For example, according to
Hossain, Naher, and Shahabuddin (2005), an increase in rice production resulting from investments in small-scale irrigation in
Bangladesh led to increased rice intake and reduced dietary diversity among the poorest households.

3 A z-score is a statistical measure that quantifies the number of standard deviations a data point is from the mean of the
dataset. It is used to standardize data and compare individual data points to a standard normal distribution (i.e., a distribution
with a mean of 0 and a standard deviation of 1). A positive (negative) z-score indicates that the data point is above (below)
the mean. The WHZ indicates how many standard deviations the observed weight is above or below the median weight for a
specific height, adjusted for age and gender. A higher (lower) mean WAZ indicates a higher (lower) weight relative to height
compared to the reference population.

4 Moszoro (2021) found that investing in water and sanitation has the potential to generate the highest direct employment
opportunities compared with investing in other infrastructure, such as electricity, roads, schools, and hospitals in low-income
countries.

a

Although the expansion of irrigation has a positive impact on jobs growth, it is important to note that in areas where irrigation is
supplied by groundwater, excessive groundwater extraction poses a serious threat to the long-term sustainability of job, income,
and equity of a society (Fischer et al. 2022). It is crucial to implement sustainable agricultural water management practices,
such as by adopting cost-reflective pricing of water and electricity for groundwater-supplied irrigation, to avoid groundwater
over-extraction. Chapter 5 delves deeper into policy recommendations for sustainable agricultural water management.

6 Food miles are defined as distance covered multiplied by quantity of food transported.

7 Conflict has been defined as organized rebellion but also more broadly as disruptive activities, such as demonstrations,
riots, strikes, communal conflict, and antigovernment violence. For empirical literature, conflict has been measured by both
incidence and severity, such as deadliness and diffusion within a geographic area.

8 In addition to being a driver of conflicts, water has been used as both a weapon and a target in conflicts. Borgomeo et al.
(2021) and Gleick (2019) reviewed water-related violence in the past three decades in the Middle East and North Africa region,
reporting a growing trend of violence when water infrastructure is deliberately attacked or used as a tool of war—violence that
exacerbates the humanitarian crises in conflict zones.

9 The 2000—-22 droughts in Somalia forced more than 1.3 million people to abandon their farms and migrate to displacement
sites (NASA GHRC 2023; Climate Hazards Center 2022).

10 Results from studies on the relationship between rainfall effects and conflict have not been entirely unambiguous. For
example, Buhaug (2010), Ide (2017), and Liang and Sim (2019) found no significant relationship between rainfall shocks and
civil conflict. In addition to differences in methodological approaches and data (such as country-level precipitation and conflict
data versus more disaggregated data), heterogeneity in rainfall effects on conflict may explain the discrepancy.

11 Deforestation and land degradation also contribute to deterioration of water resources (Curtis et al. 2018; Medvigy et al. 2013),
and both tend to occur more frequently in developing countries (Curtis et al. 2018; Hughes et al. 2020).
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CHAPTER KEY MESSAGES

AND FINDINGS

+ Population growth, urbanization, and climate change will exacerbate the global disparity in
water access. By 2100, Africa is projected to experience a 64 percent per capita reduction in
freshwater resources, in contrast to a marginal net increase of 0.4 percent in Europe. Low-
income countries are also affected by higher seasonal rainfall variability, compounding their

challenges in accessing reliable water sources.

+ Irrigation expansion has transformed global agriculture in the past 75 years, but its benefits
and costs are not equally shared. Factors such as gender, land distribution, and access to

capital determine the distribution of benefits within irrigating communities.

+ Access to safely managed water and sanitation services has improved in all country income
groups. However, in low-income countries, population growth has outpaced the increase in
access rates. Since 2000, the number of people without access to safely managed drinking
water and basic sanitation in low-income countries has increased annually, rising by 65

percent and 66 percent, or by 197 million and 211 million people, respectively.

+ Inlow-income countries, access to water services is available in less than half of the schools
and less than three-quarters of the health facilities, while access to sanitation services is
available in less than three-quarters of school and health facilities. Limited progress has

been made since 2014 toward improving this situation.

+ High poverty overlaps with low access. Globally, about 450 million people live in high-poverty
and low-water-access hotspots, and about 1 billion people live in high-poverty and low-

sanitation-access hotspots. If current trends continue these numbers could double by 2050.

Economic growth and prosperity hinge on water resources. However, billions of people currently
contend with diverse forms of water scarcity. Beyond physical water scarcity—insufficient water to
meet all demands—many parts of the world face economic water scarcity. This situation arises when
‘human institutions and financial capital limit access to water, even though water in nature is available
locally to meet human demands” (IPCC 2022).
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FIGURE 3.1 Access to water resources and services is essential to realize the benefits of water
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Note: Water security is defined as the availability of an acceptable quantity and quality of water for health, livelihoods, ecosystems, and production,
coupled with an acceptable level of water-related risks to people, environments and economies (Grey and Sadoff 2007). Water services include
irrigation, water supply, and sanitation.

The existence of water "haves” and "have nots” within and across communities and countries,
contributes to today’s rising global inequality and fragility. This chapter delves into the drivers of
inequalities, specifically with regards to access to water resources and services, including irrigation,
water supply, and sanitation (Figure 3.1). It reveals that the benefits and costs of irrigation are unequally
shared. Drawing on the latest data on poverty and water access, it further assesses the extent of and
trends in inequalities in access to water and sanitation services. It finds that despite an increase in
water and sanitation services globally, the access gap between the rich and poor remains large.

INEQUALITIES IN ACCESS TO WATER RESOURCES

Earth's accessible freshwater is unevenly distributed. China and India represent about 36 percent
of the world’s population, but only hold about 11 percent of its freshwater. On the other hand, North
America has about 5 percent of the world's population but 52 percent of its freshwater (Pekel et al.
2016). In Africa, the Democratic Republic of Congo possesses more than 50 percent of the continent’s
entire water resources. Hotspots in the Sahel, Southeastern Africa, and South and Central Asia are
facing the highest water stress (Map 3.1).

Three trends will exacerbate this inequality. The first is population growth. Population is a major driver
of increasing water scarcity (Kummu et al. 2010). Although water scarcity is increasing in most regions
worldwide, it particularly affects developing countries, which are expected to account for nearly all
global population growth in the coming decades. Analysis conducted for this report indicates since
2000, per capita renewable water resources have decreased by 25 percent on average globally but
by 43 percent in low-income countries. By the end of the century, a staggering 64 percent per capita
reduction in freshwater resources is projected for Africa, in contrast to a marginal net increase of
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0.4 percent for Europe (Figure 3.2). Expected income growth, coupled with a shift in dietary preferences,
could worsen water stress in developing countries (Box 3.1).

The second is urbanization. Global urban populations are expected to surge by approximately 2.5
billion people by 2050, with 90 percent of this growth expected in South Asia and Sub-Saharan Africa
(United Nations 2019). Almost 7 of 10 people are expected to live in a city by 2050 and urban water
demand will increase by 80 percent (Florke, Schneider, and McDonald 2018). Yet, the fastest-growing
cities tend to be the poorest (McDonald et al. 2014). They face significant financial and institution
constraints to expand water infrastructure and services to accommodate an increasing population.
Further exacerbating the problem, many of the fastest-growing cities are in regions with minimal
rainfall and terrain characterized by poor water retention (Figure 3.3). As a result, water will remain a
perennially scarce resource in these cities.

Unplanned urban growth resulting in low-density development undermines inclusive water supply
(Appendix A). Urban form is strongly linked with proximity to infrastructure and water. Remote areas
generally experience higher levels of poverty and social exclusion. Thus, unaffordable water is a
persistent struggle in poor and remote neighborhoods. Sprawling cities incur higher water services
costs because most of their population is far from the city center. In Asian cities, for example, more
than half of the population lives in the city center, but in Africa, less than 20 percent of the population
lives there. Notably, African cities are highly sprawled, so the challenge of ensuring water and sewage
will be more significant.

Although urbanization efficiently increases proximity to critical infrastructure and amenities, many
cities worldwide are already under water stress (McDonald et al. 2014). With rapid urbanization
and limited infrastructure and water resource availability, more cities will experience generalized

MAP 3.1 Water scarcity worldwide
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interruptions of essential water services, an event known as “day zero’ (Bischoff-Mattson et al. 2020).
Due to the uneven distribution of resources and mobility capacity, day zero will greatly impact poor
households (Chi et al. 2022).

FIGURE 3.2 Africa is expected to experience the most significant decline in per capita renewable water
resources by 2100

Change in per capita water resources during 2000-2100 in the RCP 4.5 scenario
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Note: RCP = Representative Concentration Pathway. The estimation is based on global downscaled precipitation projections from the National
Aeronautical Space Administration and population data from the International Institute for Applied Systems Analysis.

BOX 3.1 Income growth and water consumption

Development goals include improvements in income. However, growing incomes drive dietary changes, with
significant water implications. One of the most important changes is the shift toward meat consumption.
As incomes grow, per capita meat consumption rises (Figure B3.1.1). Depending on the livestock type and
production processes, a kilogram of meat requires 2—10 kilograms of feed grain (FAO 2006). Every kilogram
of grain consumes 1,000—3,000 liters of water (Zwart and Bastiaanssen 2004; Mekonnen and Gerbens-
Leenes 2020). Thus, the water required to meet food demand grows even faster when incomes grow.

As incomes reach a given level, possibly $40,000 per year (Whitton et al. 2021), per capita meat consumption
plateaus, suggesting that future meat demand growth will occur in countries currently classified as poor
and lower-middle income (OECD and FAO 2023) and are already more likely to be water scarce. This meat
demand growth will increase pressure on domestic water sources, reliance on imported feed grown with
water from other regions, or both.

veontinues next page
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Box 3.1 continued

FIGURE B3.1.1 Average meat consumption per capita versus GDP per capita (2020)
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This unprecedented urban expansion also creates pressure for water reallocation and potential com-
petition between water use for rural livelihoods and water use for urban development. Approximately
400 million urban residents rely on water transfers from rural areas, with many depending on water
from undocumented or informal sources of water (Garrick et al. 2019). Consequently, cities import
up to 500 billion cubic meters of water per day from rural areas, which travel across canals and other
regional water infrastructure that spans 27,000 kilometers (McDonald et al. 2014).

The reallocation of water from rural to urban areas has traditionally been carried out through three
mechanisms—administrative decisions, market transactions, court decisions—or some combination
of the three, with the landless poor least likely to be involved in decisions (Meinzen-Dick and Ringler,
2008). Administrative decisions, involving the construction of long-distance or inter-basin rural-to-urban
water transfers, are the most well documented (Garrick et al. 2019). Involuntary and uncompensated
reallocation projects often lack consultation with those in the source region, and the monitoring of
their social and environmental impacts is limited. Furthermore, the distributional effects of rural-urban
water reallocation are not well documented, leading to the perception that it is a zero-sum dynamic
where cities benefit at the expense of rural and agricultural communities (Molle and Berkoff 2009).
Even when both rural and urban regions benefit, cities tend to capture the majority of the gains, as
illustrated by the iconic example of the Owens Valley transfer to Los Angeles (Libecap 2009).
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FIGURE 3.3 Cities located in South Asia and Africa typically experience lower levels of rainfall and have soil with
a limited capacity for water retention
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Note: Soil capacity to retain water (horizontal axis) and yearly precipitation (vertical axis) varies among regions. Color corresponds to the region
and disc sizes correspond to the population. For each region, the value is the average soil capacity and precipitation observed in its cities, weighted
by the population. Data on soil capacity to retain water was obtained from the Global Aridity Index, which uses evapotranspiration processes and
rainfall deficit for potential vegetative growth. The rainfall is the average monthly precipitation between 1970 and 2000, aggregated to a yearly value.
Most European cities have high levels of soil capacity to retain water, so even with low levels of rain, the terrain is favorable for water retention.
Also, in cities in all regions of America, there is less capacity to retain water than in European cities, but it is rainier, so there are also some favorable
conditions for ensuring access to water. Some cities in Asia have more favorable conditions related to water scarcity than others. On average, cities
in Southeastern Asia receive the highest yearly amount of rain, and their soil has a reasonable capacity for retaining water. Yet, cities in Western
Asia are among the regions with the smallest amount of yearly rain and challenging soil capacity. A similar situation occurs in cities in Africa. Cities
in Middle Africa have high amounts of yearly rain and soil capable of retaining water. Yet, other parts of Africa are less favorable in terms of water
scarcity. In cities in Southern Africa, rain is less frequent, and the terrain tends to be less favorable. Cities in North Africa and in Western Asia are
in the most challenging region in terms of water scarcity. Those are cities where it rarely rains, and when it does, the soil does not remain humid
for long periods.

When rapid urbanization outstrips the capacity of water institutions, unplanned or poorly managed
water reallocation can exacerbate rural-urban inequalities and led to negative externalities for third
parties (Garrick et al. 2019; Pearsall et al. 2021). These externalities range from the disruption of
irrigation return flows that support downstream farmers to the loss of livelihoods and productivity
as agricultural regions are forced to shift from irrigation to dryland farming. Without adequate safety
nets and compensation mechanisms, involuntary water reallocation can reduce income for landless
agricultural labor, increase pumping costs for the poor as water tables decline, and disrupt firms
across the food value chain and regional economy (Garrick et al. 2019; Turley 2023; Pearsall et al.
2027; Raina et al. 2019).

The third trend is climate change which is expected to make water supply more unpredictable. In
addition to leading to more frequent and severe extreme weather events, such as floods and droughts
(further discussed in Chapter 4), climate change will also result in higher seasonal variability. The
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seasonal variability of water supplies, measured as the average within-year variability, exacerbates
physical water stress. According to the Intergovernmental Panel on Climate Change (IPCC),
approximately 4 billion people, or half of the world population, experience water stress for at least one
month per year (IPCC 2022).

Low-income countries are on average facing higher seasonal variability compared with other income
groups (Figure 3.4). They are also more vulnerable to water variability due to limited adaptation
capacities (Hallegatte et al. 2016). Even slight changes in the timing of water availability could result
in significant economic costs, particularly for subsistence farmers who depend on rainfed agriculture
as their primary source of income. For example, subsistence farmers living in the Central American
dry corridor were anticipated to experience crop losses of up to 25 percent due to the delayed onset
of rainfall in 2023. In contrast, yields among commercial producers were not expected to be affected
due to irrigation use (USAID 2023).

INEQUALITIES IN ACCESS TO IRRIGATION

Expansion of irrigation has driven global poverty decline in part by increasing food supplies, putting
downward pressure on prices, and by providing livelihoods. As climate change increases the variability
of precipitation in both time and space, irrigation holds one of the keys to maintaining stability in local
food production and global agricultural markets. However, the benefits and costs of irrigation have
not been equally shared, leading to disparities. This section will explore the drivers of these disparities
and their resulting consequences.

FIGURE 3.4 Countries with lower income tend to face a higher risk of seasonal variability
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Note: Seasonal variability measures the average within-year variability of available water supplies, including renewable surface and groundwater.
Higher values indicate wider variations of available supplies within a year. The categories are defined as low (0—1), low-medium (1—2), medium
(2—3), high (4—5). Bars denote the mean across countries and within each country income group. The inter-quartile range (IQR) denotes the range
of values between the bottom 25 and bottom 75 percent of the observations.
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WHO HAS ACCESS TO IRRIGATION?

Over the past 75 years, the global irrigated area has doubled, and the volume of water withdrawn
for irrigation has tripled (Wang 2022). The first decades of this expansion were based primarily on
public investment in large scale surface irrigation and related infrastructure (for example, dams and
canals). Expansion has continued through (mostly) small-scale, farmer-led groundwater development.
According to Siebert et al. (2010), groundwater accounted for more than 40 percent of total irrigation
water withdrawals by 2010."

Irrigation expansion has not been uniform. Although irrigation is found in almost every country in the
world, the majority is highly concentrated in just a few areas, including the Indo-Gangetic Plains of
South Asia, the North China Plain, the major river deltas of Southeast Asia, and parts of the United
States. India (22 percent), China (21 percent), and the United States (7 percent) alone account for
half of the global irrigated area (Zhang et al. 2022). In contrast, Africa, a continent nine times the
size of India, has minimal irrigation outside of a few countries, including the Arab Republic of Egypt,
Madagascar, South Africa, and Sudan (Map 3.2), despite having access to shallow groundwater and
the potential to expand irrigation.

Unequal access to irrigation systems has widened inequalities between those with access and those
without access. The expansion of irrigation has positive and negative effects on farmers as producers.
On the one hand, it increases productivity and leads to a growth in output, but on the other hand, the
decrease in prices can reduce profits. For farmers who have had access to irrigation, the benefits
from productivity increase have generally outweighed the price declines (Lipton and Longhurst 1989).
However, farmers without irrigation access have experienced only falling prices.

MAP 3.2 Unequal distribution of irrigated land worldwide
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Source: Food and Agriculture Organization of the United Nations.
Note: Irrigation is shown as a percent of land area.
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Perhaps the most striking illustration of these differential effects can be observed by comparing Asia
and Sub-Saharan Africa. Viet Nam serves as a noteworthy example. Along with undertaking land and
market reforms, this water-abundant country invested $6.5 billion in irrigation infrastructure from the
late 1980s to the early 1990s. With improved rice varieties already available for irrigation, rice yields
increased by 50 percent, significantly reducing caloric deficits and transforming the country from a
net rice importer to the world's second-largest exporter. Studies suggest that every 5 percent increase
in Vietnamese irrigated land reduced poverty by almost 1.3 percent annually, with the largest impact
in the poorest areas (Quyen 2019).

In much of Sub-Saharan Africa, low population densities and various other limitations have hindered
the growth of irrigation (Box 3.2). As a result, farmers in Sub-Saharan Africa have been unable to reap
the direct benefits of irrigation or gain access to high-yielding seeds developed during and after the
Green Revolution. Additionally, they have had to compete against imports from irrigated agriculture in
other regions of the world. One of the most notable examples is the enduring struggle of many African
farmers to compete with Asian imports of rice, a key staple in many African countries.

WHO BENEFITS FROM IRRIGATION?

The benefits of irrigation are not equally distributed even among farmers who gained access to
irrigation within a particular country or region. A large literature (see a review by Giordano, Namara,
and Bassini 2019) has shown that benefits will vary depending on a variety of factors including
irrigation type (for example, surface versus groundwater), location within the system (for example,
head end versus tail end), relative land size, access to capital to support complementary investments
such as appropriate seeds and fertilizer, and the social strata within communities, such as class and
caste structure and so on.

BOX 3.2 Sub-Saharan Africa’s untapped agricultural water potential

Surface water suitable for irrigation is more limited in Africa than Asia as are the shallow aquifers which
fueled South Asia’s groundwater revolution.? However, environmental differences are not the only reason
Asia'sirrigation—expansion, poverty-reduction story has not been repeated in Africa. Differing demographics
also played a significant role, a role which is about to change.

In 1950, Africa’s population was about half that of Europe and one-fifth of Asia’s. By 2020, Africa’s population
was almost twice that of Europe and one-third of Asia’'s. By 2100, Africa will have 8 times the population
of Europe and almost equal Asia’s (Figure B3.2.1 panel a). While the relative size of Africa’s population is
rapidly increasing, so is its structure. Africa now has the world’s highest dependency ratio (= number of
children and elderly divided by number of 20-64-year-olds). By 2100, it will have the lowest (Figure B3.2.1
panel b). Africa is today, and will remain for a century, the only world region with a falling dependency
ratio. These changes have important implications for African food demand. Less discussed but equally
important will be the impacts on African food supply.

When the Green Revolution was launched in the 1960s, Africa’s population was relatively small, and per
capita land availability was high. As a result, land was not a key production constraint, and farmers had little

Box continues next page
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Box 3.2 continued

incentive to invest in or use yield-enhancing intensification technologies such as irrigation (Binswanger
and Pingali 1988; Evenson and Gollin 2003; Webb 2009). In much of Asia, the situation was reversed. As a
result, the sources of cereal production growth in the two continents differed. Increases in African cereal
production were driven as much by area expansion (extension) as by vyield increases (intensification).
In contrast, rapid cereal production increases in most of Asia were driven almost entirely by yield gains,
largely supported by irrigation.

FIGURE B3.2.1 Total population, Europe, Africa, and Asia (1950, 2020, and 2100) and dependency ratios
(2020, 2100)
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Box continues next page
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Box 3.2 continued

FIGURE B3.2.2 Percent change in cereal production, land use, and population (1961-2022)
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Box continues next page

50 WATER FOR SHARED PROSPERITY



Box 3.2 continued

This contrast is graphically illustrated in Figure B3.2.2 for the specific case of India, the world's largest
irrigating economy.

The situation is rapidly changing. Some regions of Africa have now reached per capita land availability
levels similar to those of Asia at the start of the Green Revolution (Otsuka and Kijima 2010). Many others
will reach those levels in the coming years and decades. The transition from relative land abundance to
scarcity will fundamentally shift the economics and politics of African agricultural intensification. While
surface irrigation opportunities in Africa will never rival those in Asia, incentives for some expansion and
re-investment in existing surface systems will increase.

Perhaps most importantly in the African context, incentives for long-term investments in the productivity
of the continent’s extensive rainfed agricultural lands will increase. Africa will not see the pump revolution
of South Asia, but areas for privately expanded groundwater do exist (Rodella et al. 2023) along with other
opportunities for farmer-led irrigation, such as on-farm ponds, communal river diversions, and green water
investments like watershed and soil water management. Additionally, the demand for new technologies,
particularly improved seed varieties, will be induced, just as it was during the original Green Revolution. An
emerging biotech revolution will drive down costs, making it economic to target so-called orphaned crops
common to Africa’s highly variable agro-climatic regions.

Asia’'s economic “miracles” occurred under similar conditions of high population growth and falling
dependency ratios. In a twist on Rostow’s modernization theory, the conditions now exist for an African
“miracle” underpinned by agricultural productivity. Because Africa has the highest number of absolute
poor as well as the lowest urbanization rates, the transformation of African agriculture is among the most
promising pathways to global poverty reduction. Policies and institutions that encourage investment and
equity can accelerate progress.

Source: This box was contributed by Mark Giordano.

Empirical evidence indicates that equity in the distribution of irrigation benefits has paralleled equity
in land and water distribution (Sharma, Varma, and Joshi 2008). Equitable distribution of farmland
(and by implication, water, which is often distributed based on land ownership) ensures the benefits
of irrigation were evenly distributed. In contrast, when land distribution was unequal, public irrigation
systems tend to disproportionately benefit farmers with large land holdings. In addition, surface
irrigation was associated with greater inequality in the distribution of benefits across farms than lift
(groundwater) irrigation. This result was further exacerbated when landholdings were unequal.®

The distribution of irrigation benefits is often associated with farm location within systems. Studies
show that when systems were not governed to provide similar water deliveries the tail-end farmers
receive, substantially less water that the head-end farmers receive. As a result, the income of head-
end farmers can be much higher than that of tail-end farmers (Chambers 1988). The head-tail divide in
surface irrigation benefits can be attenuated when tail-end farmers can use groundwater to augment
water supplies.
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Gender is no less important in determining irrigation performance (Zwarteveen 1997; Ray 2007; Van
Koppen and Hussain 2007; Domenech and Ringler 2013; Meinzen-Dick, Kovarik, and Quisumbing
2014). Women comprise almost 40 percent of the global agricultural workforce (FAO 2020) and are
likely responsible for over half of food production in developing countries (Bhattacharya and Rani 1995;
Doss et al. 2018). However, women’s access to agricultural water decision-making and resources is
often limited by many factors, including access to land, water, labor, capital, credit, technology, and
other resources (Molden 2007).

Asayehegn (2012) conducted a study in Ethiopia and found that male-headed households were 38
percent more likely to participate in irrigation than female-headed households, which tended to have
fewer laborers and less access to market information. Therefore, although women may have the
same potential agricultural productivity as men, unequal access to resources and information inhibits
women from fully benefiting from irrigation.

Women are often excluded from irrigation operations and have less access to supporting technologies.
Less than 20 percent of landholders globally are women (UN-WOMEN 2012). Studies in Malawi have
found that women often pay for new irrigation technologies in cash and, consequently, are often
limited in the size of their purchases, unlike men who have greater access to credit (Kamwamba-
Mtethiwa et al. 2012). In Kenya, Malawi, Sierra Leone, Uganda, and Zambia, women receive less than
10 percent of the credit awarded to farmers (Squires 2011).

The costs associated with irrigation are often unequally distributed. Construction of dams and
reservoirs to support irrigation has been associated with displacement costs that disproportionately
fall on the poor. Duflo and Pande (2007) revealed that although irrigation dams increase agriculture
production and climate resilience in downstream districts, they significantly increase rural poverty and
the vulnerability of agricultural production to rainfall shocks in the districts where they are located.
Irrigation also impacts naturally occurring environmental services provided by free-flowing rivers,
on which the poor disproportionally rely. For instance, inland and marine fisheries often breed in
freshwater-dependent lagoons, which are affected by the changes in water flow caused by irrigation.

INEQUALITIES IN ACCESS TO WATER AND SANITATION SERVICES

Philosophers and economists have long argued that equality of opportunity is key to achieve
distributive justice (Arneson 1989; Cohen 1989; Dworkin 1981a, 1981b; Roemer 1998). The idea is
that individual's personal talent and efforts should determine their prospects of success in life, rather
than circumstances at birth, such as gender, location, race, ethnicity and so on. As discussed in the
previous chapter, access to essential services, such as drinking water and sanitation, especially during
early stage of life, is crucial for the accumulation of human capital and is therefore fundamental to
ensuring equality of opportunity.

Public choices should be made to compensate people for disadvantages related to their circumstances
(Roemer 1998). However, access to essential services is far from universal, and households and
individuals from less privileged backgrounds are often excluded. This section assesses the extent
and trends of inequality in access to drinking water and sanitation.
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WHO IS EXCLUDED?

In 2022, some 2.2 billion people worldwide still lacked access to safely managed drinking water,
and 3.5 billion people lacked access to safely managed sanitation (Box 3.3). Although disparities in
access to drinking water also persist in high-income countries, the challenges are more formidable
for low-income and least-developed nations. Only 29 percent of the population in low-income
countries has access to safely managed drinking water, compared with 81 percent in upper-middle-
income countries and 96 percent in high-income countries (panel a of Figure 3.5). The access gap
in sanitation is even larger. Only 24 percent of the population in low-income countries has access
to safely managed sanitation, compared with 60 percent in upper-middle-income countries and
91 percent in high-income countries (panel b of Figure 3.5).

Within countries, the poorer population are less like to have access to at least basic water and
sanitation services (Figure 3.6).* The access gap is especially pronounced in low-income countries,
where the richest 20 percent of households have two times the service coverage for at least basic
water and four times the service coverage for at least basic sanitation compared with the poorest
20 percent (Figure 3.7).

BOX 3.3 Service ladders for drinking water and sanitation

The World Health Organization (WHO) and the United Nations International Children's Emergency Fund
(UNICEF) Joint Monitoring Program (JMP) has provided updated criteria called “service ladders” to
benchmark and monitor drinking water and sanitation access globally. The Millenium Development Goals
(MDGs) were the targets used between 2000 and 2015 but they only considered basic characteristics of
water and sanitation facilities (improved and unimproved). After 2015, the Sustainable Development Goals
(SDGs) expanded such criteria based on the quality and reliability of water and sanitation service delivery.
The JMP “service delivery ladders” compare the MDG and SDG criteria to show progress on access to
water and sanitation services based on SDG targets.

For drinking water, the MDGs targets included “improved” drinking water facilities that could deliver safe
water based on their design and construction features. The rest of facilities not meeting such criteria were
considered “unimproved”. The categories of drinking water access were expanded with the SDGs, based on
three levels of quality of service: (1) safely managed water sources, which are improved sources accessible
on-premises, available when needed, and free from contamination; (2) basic water sources, which are
improved sources for which collection time is not more than 30 minutes for a round trip, including queuing;
and (3) limited water sources, which are improved sources for which collection time exceeds 30 minutes
for a round trip, including queuing.

Regarding sanitation facilities, the MDG targets defined improved facilities as those intended to hygienically
separate excreta from human contact. These include pour-flush or flush toilets connected to piped sewer
systems, septic tanks, or pit latrines; pit latrines with slabs (including ventilated pit latrines); and composting
toilets. The SDGs added the criteria of quality of service: (1) safely managed sanitation, which represents
improved facilities not shared with other households and where excreta are safely disposed of in situ
or removed and treated onsite; (2) basic sanitation, referring to improved facilities not shared with other

Box continues next page
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Box 3.3 continued

households; and (3) limited sanitation, referring to improved facilities shared by two or more households.
The service ladders that compare the criteria of MDGs and SDGs for water and sanitation is shown below:

Level of service

1) Safely
managed

Drinking water

Accessible on premises, available when
needed and free from faecal and priority
chemical contamination

Collection time is not more than 30
minutes for a roundtrip including queuing

2) Basic

Improved sources

Collection time exceeds 30 minutes for a
roundtrip including queuing

3) Limited

Level of service

Improved facilities

Sanitation facility

Not shared with other households and
where excreta are safely disposed of in
situ or removed and treated offsite

1) Safely
managed

2) Basic Not shared with other households

3) Limited Shared between two or more households

4) Unimproved Use of pit latrines without a slab or

platform, hanging latrines or bucket

Unprotected dug well or unprotected latrines

spring

4) Unimproved

S EIFERTETE S Disposal of human faeces in fields,
forests, bushes, open bodies of water,
beaches and other open spaces or with
solid waste

Unimproved

5) S0 ELG S Water directly from a river, dam, lake,
pond, stream, canal or irrigation canal

=l
[
3
o
=
o

£
f=

o)

In this chapter, data on safely managed services are reported whenever available. When analyzing the
access gap between the bottom and top 20 percent wealth quintile, data on “at least basic access” are
reported. This is because for many countries wealth index data at the household level are only available
from household surveys that provide information on access to at least basic services, rather than safely
managed services. At least basic access refers to improved sources that are within 30 minutes roundtrip
collection time including queuing (for water) or exclusive to the household (for sanitation), and that could
potentially be safely managed. When analyzing the overlap between poverty and lack of access at the
district level, data on “improved water and sanitation” are reported. This is because data that distinguish
limited, basic, and safely managed services are not available at the district level. Therefore, only improved
access can be assessed at the district level.

Source: WHO/UNICEF Joint Monitoring Programme (JMP). Accessed April 2024. https://washdata.org.

FIGURE 3.5 Large gaps in access to safely managed drinking water and sanitation across country income
groups (2022)
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Source: WHO UNICEF JMP.
Note: Income groups correspond to the groups the World Bank defined for its fiscal year 2024.
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FIGURE 3.6 Access to basic drinking water and sanitation services negatively correlates with wealth quintiles
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Source: World Bank analysis based on country-level data from WHO/UNICEF JMP.

Note: For the definition of at least basic services, refer to Box 3.3. The analysis covers 91 low-, lower-middle-, and upper-middle-income countries
where household wealth index data are available. These 91 countries cover more than 91 percent of the population in low- and lower-middle-income
countries, and 31 percent of the population in upper-middle-income countries. The sample notably does not include China. Had the sample included
China, the analysis would have covered 82 percent of the population in upper-middle-income countries.

Even where at least basic water sources are available, drinking water is often contaminated (Figure
3.8). Water from improved sources (such as protected springs or pipes) in low- and middle-income
countries is often contaminated with E. coli, highlighting the need for water treatment in addition
to investments in spring protection and piped systems. UNICEF's Multiple Indicator Cluster Survey
(collated by Cherukumilli et al. 2022) finds E. coli contamination rates over 50 percent for both piped
water and protected springs in Sub-Saharan Africa and South Asia.

High poverty often overlaps with low access. Worldwide, approximately 450 million people live in
high poverty (more than 66 percent of the population live on less than $6.85 per day) and low water
access hotspots (less than 33 percent population have access), and approximately 1 billion people
live in high poverty and low sanitation access hotspots.® These numbers are projected to double by
2050 if current trends continue. Most of these hotspots are in Sub-Saharan Africa, followed by South
Asia (Map 3.3).°
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FIGURE 3.7 Access gap between the bottom and top wealth quintiles is more pronounced in low- and lower-

middle-income countries (2022)
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Source: World Bank analysis based on country-level data from the WHO/UNICEF JMP for water supply and sanitation.

Note: For the definition of at least basic services, refer to Box 3.3. Household wealth index data are not available for high income countries. The
analysis covers 91 low-, lower-middle- and upper-middle-income countries where household wealth index data are available (for further details, refer
to the note in Figure 3.6). Gap refers to the access gap between the richest and the poorest 20 percent population. B20 = bottom wealth quintile;

T20 = top wealth quintile.

FIGURE 3.8 In both Sub-Saharan Africa and South Asia, well over half of piped water sources are contaminated

with E. coli

Microbial contamination of primary household drinking water sources, by facility type
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MAP 3.3 Most high-poverty and low-access vulnerability hotspots are in Sub-Saharan Africa (2020)

a. Poverty and access to improved drinking water
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Source: World Bank.

Note: Analysis using poverty data at the state and province level (ADM1) from The Global Subnational Atlas of Poverty (GSAP); Geospatial Poverty
Portal, World Bank Group; and municipality and district level (ADM2) access to improved water or sanitation data from Deshpande et al. (2020).
Estimates refer to improved water because at the district level estimates that distinguish limited, basic, and safely managed services are not
available (see Box 3.3). The information with both poverty and access to services data covers 79 low-, lower-middle- and upper-middle-income
countries. Each district (ADM?2) receives the poverty rate of its province (ADM1). To identify hotspots, districts are categorized into nine groups
based on a combination of three poverty categories (low, medium, high) and three access categories (low, medium, high) to water or sanitation.
However, the maps only show three categories: (i) high poverty and low access (shown in dark red), (i) high poverty and medium access (shown in
red), and (i) medium poverty and low access (shown in yellow). The poverty categories are based on the share of population living below the $6.85
a day poverty line (2017 PPP) in 2019, with low, medium, and high categories defined as below 33 percent, between 33 and 66 percent, and above
66 percent, respectively. The access categories are based on the share of population with access to water or sanitation, with low, medium, and high
categories defined as below 33 percent, between 33 and 66 percent, and above 66 percent, respectively. These categories are rare worldwide, with
only a few districts falling into in this range, such as those visible in Morocco on the sanitation map.
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Location is another important source of inequality. Rural population has lower access to safely
managed services in most countries.” On average, 8 of 10 people without access to at least basic
water services and 7 of 10 without access to at least basic sanitation live in rural areas.® Within urban
and rural locations, the gap in access between the rich and poor in rural locations is wide. Location
matters more for the poor. For at least basic drinking water, in middle-income countries, the urban rich
and rural rich enjoy similar level of access, but for those in the poorest bracket, the odds of getting
access to at least basic water are three times as high if they live in urban rather than rural locations.
For sanitation, the odds are twice as high (Figure 3.9).

Within cities, access is typically lower for informal settlements, or slums (Sinharoy, Pittluck, and
Clasen 2019). Six of 10 slum dwellers live close to unsanitary drains, and nearly 4 of 10 have no
access to treated water (Pandey and Maurya 2023). The situation is likely to worsen because rapid
urbanization has resulted in the migration of people from rural areas to cities, and the proportion of
the urban population living in slums had increased to 24 percent or more than 1 billion by 2018 (UN
2022).

Beyond income and location, other forms of social exclusion are correlated with race, ethnicity,
political beliefs, and disability status. These factors often result in marginalized communities facing
significant challenges in accessing safe and sufficient water and sanitation services. For example,
disparities in access to water supply and sanitation are pronounced among minority ethnic and
racial groups. In Latin America and the Caribbean region, on average, 72 percent of the indigenous
population have access to piped water, in contrast with 87 percent of the general population (World
Bank 2021). The disparity in access to sewage is even larger—only 48 percent of the indigenous
population has access to sewage, compared to 71 percent of the general population (Figure 3.10).°

FIGURE 3.9 Access gap is large between rural and urban locations particularly for the poor
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Source: World Bank analysis based on country-level data from the WHO/UNICEF JMP for water supply and sanitation.

Note: Analysis based on country-level data from WHO/UNICEF Joint Monitoring Programme (JMP). For the definition of at least basic services, refer
to Box 3.3. Household wealth index data are not available for high income countries. The analysis covers 91 low-, lower-middle-, and upper-middle-
income countries where household wealth index data are available (for further details, refer to the note in Figure 3.5). Gap refers to the access gap
between the richest and the poorest 20 percent population. B20 = bottom wealth quintile; T20 = top wealth quintile.
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selected Latin American countries

a. Access to piped water

FIGURE 3.10 Access gap is evident between indigenous, Afro-Descendent, and general population groups in

b. Access to sewage
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Note: Analysis is based on information from the World Bank's LAC Equity Lab (2021) and tabulations of Integrated Public Use Microdata Series
(IPUMS), SEDLAC (CEDLAS and the World Bank) and census data from national statistical office websites.

In Pard, a state in Brazil where Afro-descendants comprise 77 percent of the population, only
73 percent has access to piped water, a proportion significantly lower than Brazil's national average of
93 percent. For sanitation, the gap is even wider. Access to sewerage systems in Para is 29 percent,
compared with Brazil's national average of 50 percent (Freire et al. 2018). In Bangladesh, ethnic
minorities, representing 1.1 percent of the population, have significantly lower access to improved
water and sanitation services compared with the Bengali (Alam 2022). In the Chittagong Hill Tracts of
Bangladesh, ethnic communities primarily rely on natural water sources; only 4 percent have access
to piped water, and only 7 percent use hygienic latrines (Mahmud et al. 2020).

Similarly, Roma communities across Europe face significant challenges in accessing water and
sanitation services. For example, in Romania and Croatia, an alarming 80 percent and 53 percent of
the Roma population, respectively, lack access to improved water sources. In Slovakia, most Roma
neighborhoods are not connected to piped water sources, and a staggering 83 percent of Roma in
Romania lack access to basic sanitation facilities (Kahanec et al. 2020). Furthermore, in the United
States, racial disparities are observed, with urban households headed by people of color 34 percent
more likely to lack access to piped water compared to their non-Hispanic white peers, and these
disparities extend to sanitation facilities as well (Meehan et al. 2020).

Political exclusion may also explain differences in access to water and sanitation services. Ebadi
and Damania (forthcoming) find that areas where a significant portion of the population is at risk of
political exclusion typically have restricted access to crucial public services such as electricity, water,
and sanitation. Communities facing a higher risk of political exclusion tend to have a deficiency in
access to water and sanitation services. Involvement in decisions affects how public services get
distributed. This particular outcome is consistent regardless of the geographical location of the
marginalized communities, which are often in rural regions where providing services is comparatively
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difficult and expensive. Furthermore, the difference in service accessibility among groups with varying
levels of political exclusion risk is not solely due to income disparities. The study finds that as regions
become more affluent, the divide in access to services among groups facing different levels of political
exclusion risk becomes even more apparent.

Intersectionality exacerbates the challenge—that is, overlapping identity factors converge to deepen
the disparities. For instance, in rural Nicaragua, the intersection of being indigenous and living in a rural
area compounds the challenges in accessing basic sanitation. While the basic sanitation coverage
is 72 percent for the non-indigenous rural population, it drops to 63 percent for indigenous peoples,
demonstrating a clear overlap of ethnic and geographical factors leading to increased disparities
(World Bank 2016).

THE DYNAMICS OF INEQUALITIES

The Human Opportunity Index (HOI) can be used to evaluate inequalities in access to basic services
without having to track the gap in access by each circumstance (predetermined characteristics such
as ethnicity, gender, birthplace, or family wealth). The HOI measures inequality-adjusted access rates
by “penalizing” countries where access to services is unequally distributed among the population (Box
3.4). The greater the differences, the lower the level of national HOI (Paes de Barros et al. 2008). For
example, if the poorer people—who live in rural locations or share a certain personal circumstance
beyond their control (for example, race)—are more likely to be excluded, the HOI would be lower than
the country’s average coverage rate.

The HOI is estimated using household survey estimates by the WHO-UNICEF Joint Monitoring
Programme for Water Supply, Sanitation and Hygiene (JMP). Given information availability, two
circumstances are considered: location (rural versus urban) and wealth."® The dissimilarity index
measures the dispersion of access across groups by these circumstances (Box 3.4)." The greater
the dissimilarity index, the greater the degree of inequality for the same level of coverage.

BOX 3.4 The Human Opportunity Index

Paes de Barros et al. (2008), based on Sen (1976), proposed the HOI to evaluate the average coverage of a
certain service necessary to progress in life and the inequality of its distribution. The HOI is calculated as:

HOI = p(1-D)

Znﬁ,lp,—/ﬂ

i=1

|=

D=
2

T

Where D is the dissimilarity index, defined as the weighted average of the opportunity gap—the absolute
difference of the group’s access rates (p,) from the average access rate for the population as a whole (p)
and n is the number of circumstances considered. Circumstances are predetermined characteristics likely
out of people’s control (ethnicity, gender, birthplace, etc.). For example, one group could be the bottom
wealth quintile living in rural areas. By construction, the D-index ranges from 0, if there is no inequality at all,
to 1, if inequality across groups is extremely high. A positive value indicates that certain population groups
have a lower probability of access to the service.

Box continues next page
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Box 3.4 continued

The HOI can be increased by providing more services to all (the “scale effect”), or by changing people’s
circumstances, such as migration from rural to urban regions (the “composition effect”), or by distributing
services more fairly (the “equalization effect”). Thus, an increase in overall coverage will always improve
the HOI, regardless of whether the improvement is disproportionately higher for disadvantaged groups.
Second, the HOl increases when the average rate improves for one circumstance group without decreasing
coverage rates for the remaining groups. Finally, HOI rewards a reduction in access inequality when the
coverage increase is disproportionately higher among disadvantaged groups.

As shown in Map 3.4, the largest opportunity gap as measured by the dissimilarity index is in Sub-
Saharan Africa, and the smallest is in Europe and Central Asia. The opportunity gap for access to at
least basic sanitation services is twice as high as that for drinking water.’ There are also marked
differences within regions. In Sub-Saharan Africa, the largest dissimilarity index for drinking water
is in the Democratic Republic of Congo. Despite having abundant water resources, the country has
one of the lowest levels of access and the least equitable access to drinking water. Its dissimilarity
index is 18 times as large as that of Sao Tomé and Principe, 12 times as large as that of Malawi,
5 times as large as that of Burundi, 3 times as large as that of Niger, and 2 times as large as that of
Ethiopia (panel a of Map 3.4). Madagascar and Chad have the largest opportunity gap in access to at
least basic sanitation; Rwanda and South Africa have the smallest (panel b of Map 3.4). Inequality in
coverage is low in countries in Latin America and the Caribbean Region, except for Haiti, Bolivia, and
Nicaragua (Haiti and Nicaragua regarding water, Haiti and Bolivia regarding sanitation). Countries in
East Asia and the Pacific and in South Asia have low- to mid-range levels of inequality.

The good news is that opportunities to have access to water and sanitation services have been
improving among all country income groups (Figure 3.10). Low-income countries have registered the
fastest progress in expanding coverage of at least basic drinking water, as measured by an annual
average increase in HOI of about 1 percentage point during the 2015-22 period. Countries in lower-
middle-income countries have made the most significant strides in expanding access to at least
basic sanitation, achieving a sustained annual average increase in HOI of about 1.5 percentage points
from 2010 to 2022."° Improvement in access to sanitation has been slowest in low-income-countries,
with an annual average improvement rate in HOI of about 0.4 percentage point, which has remained
stagnant since 2010.

The improvement in HOI is largely driven by an overall increase in coverage rates (the scale effect);
the reduction in the dispersion of coverage across groups (the equalization effect) also plays an
important role in this improvement (Figure 3.11). For example, from 2015 to 2022, the scale effect
contributed to as much as 70 to 80 percent of the improvement in HOI for at least basic water and
sanitation across all country income groups. The equalization effect contributed to as much as 15
to 20 percent of the improvement. However, the contribution of the equalization effect has declined
since the 2000-05 period in all country income groups, indicating a slowdown in the convergence of
access. This decrease is more pronounced for low-income countries. For example, during the 2000-
05 period, the equalization effect accounted for 42 percent of the improvement in HOI for at least
basic drinking water in low-income countries; it dropped to 19 percent during the 2015-22 period. The
equalization effect for at least basic sanitation dropped from 56 to 10 percent.
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MAP 3.4 Inequalities in access to at least basic water services are the highest in Sub-Saharan Africa
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b. Dissimilarity index of access to sanitation
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Source: World Bank analysis based on country-level data from WHO-UNICEF JMP.

Note: For the definition of at least basic services, refer to Box 3.3. For the definition of the dissimilarity index, refer to Box 3.4. The index measures
inequality across 10 groups defined by urban and rural quintiles. The analysis covers 91 low-, lower-middle-, and upper-middle-income countries
where household wealth index data are available (for further details, refer to the note in Figure 3.6). On each map, the five categories correspond
to percentiles of the dissimilarity index in the sample: (1) minimum to 10" percentile, (2) 10" to 25" percentile, (3) 25" to 75" percentile,
(4) 75" percentile to 90" percentile, and (5) 90" percentile to maximum value.
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FIGURE 3.11 Equity in access to at least basic water and sanitation services has increased
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Source: World Bank analysis based on country-level data from the WHO/UNICEF JMP.

Note: For the definition of at least basic services, refer to Box 3.3. The analysis covers 91 low-, lower-middle-, and upper-middle-income countries
where household wealth index data are available (for further details, refer to the note in Figure 3.6). For definitions of the composition, scale, and

equalization effects, refer to Box 3.4. HOI = Human Opportunity Index.

The bad news is that population growth has outpaced the increase in access rate in low-income
countries. Since 2000, the annual increase in population has hovered around 2.9 percent, while
progress in the share of population with access stands at less than 1.9 percentage points for safely
managed drinking water (panel a of Figure 3.12) and 2.4 for basic sanitation (panel b of Figure 3.12).
As a result, since 2000, the number of people without access to safely managed drinking water and
basic sanitation has increased by 65 percent and 66 percent, or 197 million and 217 million people,
respectively (Figure 3.12).

In addition, progress in closing the rural-urban access gap has stagnated in low-income countries,
where it has remained constant at about 27 percentage points for safely managed drinking water
(panel a of Figure 3.13) and at about 12 percentage points for safely managed sanitation since 2000
(panel b of Figure 3.13).

Progress is also lagging in improving access to water and sanitation services at schools and health
facilities, particularly in low-income countries where the access rate remains meager. Less than 50
percent of schools (panel a of Figure 3.14) and less than 75 percent of health facilities in low-income
countries have access to water (panel b of Figure 3.14). Less than 75 percent of schools and health
facilities have access to sanitation (Figure 3.14). For schools, access to water services increased from
40 to 54 percent, and access to sanitation facilities increased from 60 to 75 percent. In lower-middle-
income countries, significant achievement was made in improving access to sanitation at schools.
Some progress was also made in improving access to sanitation in health facilities, which increased
from 60 to 70 percent. However, access to water services in health facilities has remained stagnant.
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FIGURE 3.12 In low-income countries the number of people without access to safely managed drinking water
and sanitation services continues to increase each year since 2000
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Source: WHO UNICEF JMP.

Note: The first column presents the share of the population without access to safely managed drinking water (panel a) and sanitation (panel b)
services. The second column presents the number of people (millions) without access to the respective services. The third column presents the
annual growth rate in the total population and the share of the population with access to the respective services.
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FIGURE 3.13 Progress in closing the rural-urban access gap has stagnated in low-income countries

Gap between urban access and rural access by country income group (2000-20)
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Source: World Bank analysis based on country-level data from the WHO-UNICEF JMP.
Note: The bars indicate the gap in percentage points between the access rates of urban and rural population.

Inequality in relation to water access can also be driven by quality, in addition to by access. Current
global water indicators focus on the physical access to water infrastructure. These are useful and
necessary metrics, but they do not tell whether water service delivery is reliable and sufficient for basic
needs. The Individual Water Insecurity Experiences (IWISE) scales implemented by the Gallup World
Poll in nationally representative samples in 38 countries in 2020 and 2022 is an attempt to address
this gap. The WISE scale, which is based on household and individual surveys, measures universal
experiences of water insecurity. Respondents are asked to rate whether they have experienced water
insecurity based on self-assessment of experiences in the availability, accessibility, usability, and
reliability of water for meeting basic needs (see Rosinger and Young [2020] for more details).
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Percent of schools

Percent of health facilities

FIGURE 3.14 Schools and health facilities lack access to water and sanitation particularly in lower-middle- and

low-income countries
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Note: “No service” refers to the absence of facilities or having unimproved facilities. Gaps in the series indicate a lack of available information. For

high-income countries, no information on health facilities is available.

For middle-income countries, and for the top 20 percent population, issues related to water availability
and reliability exacerbate water insecurity. A comparison of the WISE scale and the access to at least
basic drinking water from JMP for selected countries shows that the proportion of people reported to
have experienced moderate-to-high water insecurity is much higher than the proportion of households
not using basic drinking water infrastructure among the top 20 percent of the wealth bracket in almost
all countries for which data are available (panel b of Figure 3.15). For example, in Cameroon, less than
6 percent of the population in the top wealth quintile had no access to at least basic drinking water, but
more than 60 percent of the people in this group reported moderate-to-high water insecurity.
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The perception of water insecurity among the population in the bottom 20 percent wealth bracket
is not clear-cut (panel a of Figure 3.15). In upper-middle-income countries, the proportion of people
who reported moderate-to-high water insecurity is higher than the proportion without access to at
least basic water; the opposite is observed in low-income countries. There is no consistent pattern
among lower-middle-income countries; however, it appears access is a more pressing issue where
the access rate is lower than 60 percent.

FIGURE 3.15 Issues with quality of water services can exacerbate water insecurity

Perceptions of water insecurity among the bottom and top wealth brackets in selected
countries by country income group and wealth quintile
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Note: Estimates are based on country-level data from WHO-UNICEF (JMP) and the WISE scale from Northwestern University’s Institute of Policy
Research. The WISE scale measures the proportion of adults who experience water insecurity. It comprises 12 questions regarding the availability,
access, acceptability, and safety or stability of water for basic daily needs . Responses are recorded using a scale of never (0 times), rarely (1-2
times), sometimes (3-10 times), often (11-20 times), and always (more than 20 times). A score of 0 is assigned to “never,’ 1 to “rarely,” and 2
to “sometimes,” while both “often” and “always” are scored as 3. The total score ranges from 0 to 36, with higher scores indicating greater water

insecurity. A score of 12 or higher is considered as water insecure.
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CONCLUDING REMARKS

Water security challenges in developing countries are increasing with population growth, urbanization,
and climate change. These challenges are compounded by unequal access to irrigation and large
disparities in global access to water and sanitation services. Although significant strides have been
made to close the access gap in water supply and sanitation, access rates in low-income countries
remain the lowest and the number of people without access to water and sanitation services continues
to increase each year. Implementing targeted interventions in these communities is critical to prevent
intergenerational poverty due to poor access to safe drinking water and safe sanitation. In a world
of increasing water scarcity, the future of irrigation will also have to depart from its past. The final
chapter of this report will address policy responses to the issues discussed.

NOTES

1 Post-war large-scale surface irrigation was first developed where hydrologic conditions for storage and distribution were
suitable, and the climate was most favorable to agriculture. As surface supplies for additional expansion became limited,
and pumping costs dropped starting in the 1950s and 1960s, farmers increased their groundwater use. The groundwater
expansion shifted to previously unirrigated regions with limited surface water but shallow aquifers. Now, regions with aquifers,
sometimes hundreds of meters deep, can be accessed, often unsustainably and at a high energy cost.

2 According to a recent Africa-wide distributed assessment of groundwater irrigation potential, it was estimated that about 42
million hectares of land across the continent could be sustainably developed for irrigation. This is 20 times more than the
current actual levels and would cover approximately 19% of the cropland (Altchenko and Villholth 2015).

3 Land holdings are related to water allocations in surface systems, so those with more land get more water. Access to
groundwater within a surface system can offset those inequalities because groundwater tends to be more “egalitarian” than
surface water, which is limited to particular locations and is allocated by the state.

4 Wealth quintile information is not available for safely managed services. Refer to Box 3.3.

5 High-poverty and low-access vulnerability hotspots are districts and municipalities where, in 2020, more than 66 percent of
the population lived on less than $6.85 a day (2017 PPP), and less than 66 percent had access to improved water or improved
sanitation. Poverty estimates are at the state and province levels. The poverty rate of a district (municipality) is the rate of its
province (state). Estimates refer to improved water because, at the district level, estimates that distinguish limited, basic, and
safely managed services are not available (see Box 3.3).

6 In 2020, analysis in this report identified 1,720 high-poverty and low-access vulnerability hotspots. About 90 percent of the
people in these hotspots were living in Sub-Saharan Africa, 7 percent in South Asia, 2 percent in East Asia and the Pacific, 1
percent in Latin America and the Caribbean, and less than 1 percent in Europe and Central Asia and in the Middle East and
North Africa. Of these hotspots, 262 had access to improved water below 33 percent, and all but a handful were located in Sub-
Saharan Africa. As for sanitation, there were twice as many hotspots (3,490) where 1 billion people were living, with 81 percent
living in Sub-Saharan Africa, 12 percent in South Asia, 4 percent in East Asia and the Pacific, 3 percent in the Middle East and
North Africa, and 1 percent in Latin America and the Caribbean.

7 In 2022, access to safely managed drinking water was higher in urban areas in 80 percent of countries, while access to safely
managed sanitation was higher in urban areas in 60 percent of countries. When access is higher in rural areas, the proportion
is close to that in urban areas. For example, in Bhutan, access to safely managed drinking water in urban areas is 54 percent
and in rural areas is 59 percent. In Bangladesh, access to safely managed sanitation in urban areas is 29 percent and in rural
areas is 32 percent.

8 For safely managed services, the gap between urban and rural areas is narrower, stressing the challenge of providing safely
managed services even in urban areas. On average, 6 of 10 people without access to safely managed water services and 5 of
10 without safely managed sanitation live in rural areas.

9 Marginalized communities are often overrepresented among the poor. However, limitations in available data for most of the
examples presented in this section preclude a more detailed analysis of exclusion based on income versus exclusion based on
factors such as race, ethnicity, and other demographics.

10 The two circumstances result in 10 groups: five quintiles in rural areas and five quintiles in urban areas. The dissimilarity index
measures the inequality across the groups defined both by location and wealth.

11 Animportant caveat for making cross-country comparisons of inequalities is that the HOI provides only a lower bound estimate
of the inequalities because it considers only measurable circumstances for which data are available. If the calculation included
more circumstances, the inequality-adjusted access rate would be lower in certain countries.

12 For access to at least basic water services, the average dissimilarity index across countries is 6.6 (median = 4.7; inter-quartile
range = 0.8 to 11.8). For sanitation, the average is 15.6 (median = 12.9; inter-quartile range = 4.2 to0 23.5).

13 The HOI in high-income countries also increased, and the share of the equity effect is stable.

WATER FOR SHARED PROSPERITY



REFERENCES

Alam, Md Zakiul. 2022. “Ethnic Inequalities in Access to WASH in Bangladesh.” The Lancet Global Health 10 (8): €1086-87.

Altchenko, Y., and K. G. Villholth. 2015. “Mapping Irrigation Potential from Renewable Groundwater in Africa—A Quantitative
Hydrological Approach.” Hydrology and Earth System Sciences 19: 1055-67.

Arneson, Richard J. 1989. “Equality and Equal Opportunity for Welfare." Philosophical Studies: An International Journal for
Philosophy in the Analytic Tradition 56 (1): 77-93.

Asayehegn, K. 2012. Irrigation Versus Rain-Fed Agriculture: Driving for Households’ Income Disparity- A Study from Central Tigray,
Ethiopia.” https://www.semanticscholar.org/paper/Irrigation-versus-rain-fed-agriculture%3A-Driving-for-Asayehegn/4c654b23
a0f3a954b1272a80bb818a64673422fe.

Bhattacharya, B., and G. Jhansi Rani. 1995. “Gender in Agriculture: An Asian Perspective.” Asia-Pacific Journal of Rural
Development 5 (1): 27-48.

Binswanger, Hans, and Prabhu Pingali. 1988. “Technological Priorities for Farming in Sub-Saharan Africa”” The World Bank
Research Observer 3 (1): 81-98.

Bischoff-Mattson, Zachary, Gillian Maree, Coleen Vogel, Amanda Lynch, David Olivier, and Deon Terblanche. 2020. “Shape of a
Water Crisis: Practitioner Perspectives on Urban Water Scarcity and ‘Day Zero'in South Africa” Water Policy 22 (2): 193-210.

Cherukumilli, K., Bain, R., Chen, Y. and Pickering, A. 2022. “Estimating the Global Target Market for Passive Chlorination.”
Environmental Science & Technology Letters 10: 105—110 doi:10.1021/acs.estlett.2c00781.

Chi, Guanghua, Han Fang, Sourav Chatterjee, and Joshua E. Blumenstock. 2022. “Microestimates of Wealth for All Low- and
Middle-Income Countries.” Proceedings of the National Academy of Sciences 119 (3): €2113658119. https://doi.org/10.1073/
pnas.2113658119.

Cohen, G. A. 1989. “On the Currency of Egalitarian Justice.” Ethics 99 (4): 906—44.

Deshpande, A, M. K. Miller-Petrie, P. A. Lindstedt, M. M. Baumann, K. B. Johnson, B. F. Blacker, H. Abbastabar, F. Abd-Allah, A.
Abdelalim, I. Abdollahpour, K. H. Abegaz, A. N. Abejie, L. G. Abreu, M. R. M. Abrigo, A. Abualhasan, M. M. K. Accrombessi, A. A.
Adamu, 0. M. Adebayo, |. A. Adedeji ... M. J. Postma. 2020. “Mapping Geographical Inequalities in Access to Drinking Water and
Sanitation Facilities in Low-Income and Middle-Income Countries, 2000-17." The Lancet Global Health 8 (9): E1162-E1185.
https://doi.org/10.1016/S2214-109X(20)30278-3.

Domenech, Laia, and Claudia Ringler. 2013. “The Impact of Irrigation on Nutrition, Health, and Gender: A Review Paper with
Insights for Africa South of the Sahara.” International Food Policy Research Institute discussion paper. https://www.ifpri.org/
publication/impact-irrigation-nutrition-health-and-gender.

Doss, Cheryl, Ruth Meinzen-Dick, Agnes Quisumbing, and Sophie Theis. 2018. “Women in Agriculture: Four Myths.” Global Food
Security 16: 69-74.

Duflo, Esther, and Rohini Pande. 2007. “Dams.” The Quarterly Journal of Economics 122 (2): 601-46.
Dworkin, Ronald. 1987a. “What Is Equality? Part 1: Equality of Welfare.” Philosophy & Public Affairs 10 (3): 185-246.
Dworkin, Ronald. 1981b. “What Is Equality? Part 2: Equality of Resources.” Philosophy & Public Affairs 10 (4): 283-345.

Ebadi, E., and R. Damania. (forthcoming). “The Politics of Local Public Service Provision: Exclusion, Fractionalization, and
Polarization.” Working Paper. World Bank, Washington, DC.

Evenson, Robert Eugene, and Douglas Gollin. 2003. Crop Variety Improvement and Its Effect on Productivity: The Impact of
International Agricultural Research. Cabi Publishing.

FAO (Food and Agriculture Organization of the United Nations). 2006. The State of Food and Agriculture. https://www.fao.org/
documents/card/fr?details=80a57cb8-da7e-5cf4-a767-afb9b2atfed5/.

FAO 2020. The Gender Gap in Land Rights. CGIAR-FAQ. https://www.fao.org/3/18796EN/i8796en.pdf.

Florke, Martina, Christof Schneider, and Robert I. McDonald. 2018. “Water Competition between Cities and Agriculture Driven by
Climate Change and Urban Growth." Nature Sustainability 1 (1): 51-58. https://doi.org/10.1038/s41893-017-0006-8.

Freire, German, C. Diaz-Bonilla, S. Schwartz Orellana, J. Soler Lopez, F. Carbonari, Flavia. 2018. Afro-Descendants in Latin America:
Toward a Framework of Inclusion. Washington, DC: World Bank.

Garrick, Dustin, Lucia De Stefano, Winston Yu, Isabel Jorgensen, Erin O'Donnell, Laura Turley, Ismael Aguilar-Barajas, et al. 2019.
“Rural Water for Thirsty Cities: A Systematic Review of Water Reallocation from Rural to Urban Regions.” Environmental
Research Letters 14 (4): 043003. https://doi.org/10.1088/1748-9326/ab0db7.

INEQUALITIES IN WATER ACCESS

69


https://www.semanticscholar.org/paper/Irrigation-versus-rain-fed-agriculture%3A-Driving-for-Asayehegn/4c654b23a0f3a954b1272a80bb818a64673422fe
https://www.semanticscholar.org/paper/Irrigation-versus-rain-fed-agriculture%3A-Driving-for-Asayehegn/4c654b23a0f3a954b1272a80bb818a64673422fe
https://doi.org/10.1073/pnas.2113658119
https://doi.org/10.1073/pnas.2113658119
https://doi.org/10.1016/S2214-109X(20)30278-3
https://www.ifpri.org/publication/impact-irrigation-nutrition-health-and-gender
https://www.ifpri.org/publication/impact-irrigation-nutrition-health-and-gender
https://www.fao.org/documents/card/fr?details=80a57cb8-da7e-5cf4-a767-afb9b2a1fed5/
https://www.fao.org/documents/card/fr?details=80a57cb8-da7e-5cf4-a767-afb9b2a1fed5/
https://www.fao.org/3/I8796EN/i8796en.pdf
https://doi.org/10.1038/s41893-017-0006-8
https://doi.org/10.1088/1748-9326/ab0db7

70

Giordano, Mark, Regassa Namara, and Elisabeth Bassini. 2019. “The Impacts of Irrigation: A Review of Published Evidence.” World
Bank, USA. https://documentsi.worldbank.org/curated/en/132251561407498546/pdf/The-Impacts-of-Irrigation-A-Review-
of-Published-Evidence.pdf.

Grey, D., and C. W. Sadoff. 2007. “Sink or Swim? Water security for growth and development.” Water Policy 9: 545-71.

Hallegatte, Stephane, Mook Bangalore, Laura Bonzanigo, Marianne Fay, Tamaro Kane, Ulf Narloch, Julie Rozenberg, David
Treguer, and Adrien Vogt-Schilb. 2016. Shock Waves: Managing the Impacts of Climate Change on Poverty. Washington, DC:
World Bank.

IPCC (International Panel on Climate Change). 2022. Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution
of Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, UK and
New York, NY, USA: Cambridge University Press. doi:10.1017/9781009325844.

Kahanec, M.; Kovacova, L.; Plackovad, Z.; Sedldkova, M. (2020). The social and employment situation of Roma communities in
Slovakia, Study for the Committee on Employment and Social Affairs, Policy Department for Economic, Scientific and Quality
of Life Policies, European Parliament, Luxembourg. https://www.europarl.europa.eu/RegData/etudes/STUD/2020/648778/
IPOL_STU(2020)648778_EN.pdf.

Kamwamba-Mtethiwa, J., R. Namara, C. De Fraiture, J. Mangisoni, and Eric Owusu. 2012. “Treadle Pump Irrigation in Malawi:
Adoption, Gender and Benefits.” Irrigation and Drainage 61 (5): 583-95.

Meinzen-Dick, R., and R. Ringler. “2008 Water Reallocation: Drivers, Challenges, Threats, and Solutions for the Poor.” Journal of
Human Development 9 (1): 47-64. Doi: 10.1080/14649880701811393.

Libecap, G.D. 2009. “The Tragedy of the Commons: Property Rights and Markets as Solutions to Resource and
Environmental Problems.” Australian Journal of Agricultural and Resource Economics 53: 129-144. https://doi.
org/10.1111/).1467-8489.2007.00425 x.

Lipton,M.,andR.Longhurst. 1989. New Seedsand Poor People 1sted. London: Routledge. https://doi.org/10.4324/9780203840436.

Mahmud, M. S., S. M. A. Amin, M. A. W. Rashed, and R. Mahmud. 2020. “Water, Sanitation, and Hygiene Practices among Ethnic
Communities in Chittagong Hill Tracts, Bangladesh.” International Journal of Current Research 12: 13269-1327.

McDonald, Robert I., Katherine Weber, Julie Padowski, Martina Florke, Christof Schneider, Pamela A. Green, Thomas Gleeson, et
al. 2074. “Water on an Urban Planet: Urbanization and the Reach of Urban Water Infrastructure.” Global Environmental Change
27 (July): 96-105. https://doi.org/10.1016/j.gloenvcha.2014.04.022.

Meehan, K., J. R. Jurjevich, N. M. J. W. Chun, and J. Sherrill. 2020. “Geographies of Insecure Water Access and the Housing Water
Nexus in US Cities.” Proceedings of the National Academy of Sciences of the United States of America 117 (46): 28700-07.
https://doi.org/10.1073/pnas.2007361117.

Meinzen-Dick, Ruth, Chiara Kovarik, and Agnes R. Quisumbing. 2014. “Gender and Sustainability.” Annual Review of Environment
and Resources 39: 29-55.

Meinzen-Dick, R., and Ringler, R. 2008 Water Reallocation: Drivers, Challenges, Threats, and Solutions for the Poor." Journal of
Human Development 9 (1): 47-64. Doi:10.1080/14649880701811393.

Mekonnen, Mesfin M., and Winnie Gerbens-Leenes. 2020. “The Water Footprint of Global Food Production.” Water 12 (10): 2696.
Molden, David. 2007. Water Responses to Urbanization. Paddy and Water Environment . Vol. 5 (4): 207-209. Springer.

Molle, F., and J. Berkoff. 2009. “Cities vs. Agriculture: A Review of Intersectoral Water Re-allocation.” Natural Resources Forum 33:
6-18. https://doi.org/10.1111/j.1477-8947.2009.01204.x.

OECD and FAO. 2023. OECD-FAO Agricultural Outlook 2023-2032. Paris: OECD. https://www.fao.org/documents/card/
en?details=CC6361EN.

Otsuka, Keijiro, and Yoko Kijima. 2010. “Technology Policies for a Green Revolution and Agricultural Transformation in Africa.”
Journal of African Economies 19 (suppl_2): ii60-76.

Paes de Barros, R., F. H. G.Ferreira, J. R. Molinas Vega, and J. Saavedra Chanduvi. 2008. Measuring Inequality of Opportunities in
Latin America and the Caribbean. Washington, D.C.: World Bank. https://doi.org/10.1596/978-0-8213-7745-1.

Pandey and Maurya. 2023. “Slumming It Out” 2023. Down to Earth Series. https://www.downtoearth.org.in/dte-infographics/
slums/index.html.

Pearsall, Hamil, Victor Hugo Gutierrez-Velez, Melissa R. Gilbert, Simi Hoque, Hallie Eakin, Eduardo S. Brondizio, William Solecki,
Laura Toran, Jennifer E. Baka, and Jocelyn E. Behm. 2021. "Advancing Equitable Health and Well-Being across Urban—Rural
Sustainable Infrastructure Systems.” Npj Urban Sustainability 1 (1): 26.

WATER FOR SHARED PROSPERITY


https://documents1.worldbank.org/curated/en/132251561407498546/pdf/The-Impacts-of-Irrigation-A-Review-of-Published-Evidence.pdf
https://documents1.worldbank.org/curated/en/132251561407498546/pdf/The-Impacts-of-Irrigation-A-Review-of-Published-Evidence.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2020/648778/IPOL_STU(2020)648778_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2020/648778/IPOL_STU(2020)648778_EN.pdf
https://doi.org/10.1111/j.1467-8489.2007.00425.x
https://doi.org/10.1111/j.1467-8489.2007.00425.x
https://doi.org/10.4324/9780203840436
https://doi.org/10.1016/j.gloenvcha.2014.04.022
https://doi.org/10.1073/pnas.2007361117
https://doi.org/10.1111/j.1477-8947.2009.01204.x
https://www.fao.org/documents/card/en?details=CC6361EN
https://www.fao.org/documents/card/en?details=CC6361EN
https://doi.org/10.1596/978-0-8213-7745-1
https://www.downtoearth.org.in/dte-infographics/slums/index.html
https://www.downtoearth.org.in/dte-infographics/slums/index.html

Pekel, Jean-Francois, Andrew Cottam, Noel Gorelick, and Alan S. Belward. 2016. “High-Resolution Mapping of Global Surface
Water and Its Long-Term Changes.” Nature 540 (7633): 418—-22. https://doi.org/10.1038/nature20584.

Quyen, N.H. 2019. “Reducing Rural Poverty in Vietnam: Issues, Policies, Challenges.” Paper for Expert Group Meeting on
Eradicating Rural Poverty to Implement the 2030 Agenda for Sustainable Development organized by the UN Department of
Economic and Social Affairs. https://www.un.org/development/desa/dspd/wp-content/uploads/sites/22/2019/03/Reducing-
rural-poverty-in-Vietnam-Issues-Policies-Challenges.pdf.

Raina, Aditi, Jane Zhao, Xun Wu, Laxman Kunwar, and Dale Whittington. 2019. “The Structure of Water Vending Markets in
Kathmandu, Nepal." Water Policy 21 (S1): 50-75.

Ray, I. 2007. "Women, Water, and Development.” Annual Review of Environment and Resources 32: 421-449. https://doi.
org/10.1146/annurev.energy.32.041806.143704.

Rodella, A-S., E. D. Zaveri, and F. Bertone. 2023. The Hidden Wealth of Nations: The Economics of Groundwater in Times of
Climate Change. Washington, DC: World Bank. http://documentsi.worldbank.org/curated/en/099145503202323072/pdf/
P178601171e7ffac1ea0714b5e187c0122449517b07d.pdf.

Roemer, John E. 1998. “Equality of Opportunity.” Boston: Harvard University Press.

Rosinger, Asher Y., and Sera L. Young. 2020. “The Toll of Household Water Insecurity on Health and Human Biology: Current
Understandings and Future Directions.” Wiley Interdisciplinary Reviews: Water 7 (6): e1468.

Sen, A. 1976. “Poverty: An Ordinal Approach to Measurement.” Econometrica 44(2): 219-231. https://doi.org/10.2307/1912718.

Sharma, A., S. Varma, and D. Joshi. 2008. “Social Equity Impacts of Increased Water for Irrigation.” In Upali A. Amarasinghe and
Bharat R. Sharma, eds., Strategic Analyses of the National River Linking Project (NRLP) of India, Series 2. Proceedings of
the Workshop on Analyses of Hydrological, Social and Ecological Issues of the NRLP, New Delhi, India, October 9-10, 2007.
Colombo, Sri Lanka: International Water Management Institute. https://ageconsearch.umn.edu/record/235171?v=pdf.

Siebert, S., J. Burke, J. M. Faures, K. Frenken, J. Hoogeveen, P. Doll, and F. T. Portmann. 2010. “Groundwater Use for Irrigation — a
Global Inventory.” Hydrology and Earth System Sciences 14 (10): 1863-80. https://doi.org/10.5194/hess-14-1863-2010.

Sinharoy, S. S., R. Pittluck, and T. Clasen. 2019. “Review of Drivers and Barriers of Water and Sanitation Policies for Urban
Informal Settlements in Low-Income and Middle-Income Countries.” Utilities Policy 60: 100957. https://doi.org/10.1016/j.
jup.2019.100957.

Squires, Victor R., ed. 2011. The Role of Food, Agriculture, Forestry and Fisheries in Human Nutrition, v-Vol.lume 3llI. Encyclopedia
of OLife Suppor System Publications.Turley, Laura. 2023. “Securing Urban Water Supply through Reservoir Reoperation—An
Analysis of Power Resources and Equity in Cases from India, Spain and the USA" PLOS Water 2 (8): e€0000097.

Turley, L. 2023. Securing urban water supply through reservoir reoperation—An analysis of power resources and equity in cases
from India, Spain and the USA. PLOS Water 2(8): e0000097. https://doi.org/10.1371/journal.pwat.0000097.

United Nations. 2022. The Sustainable Development Goals Report 2022. New York: United Nations. https://unstats.un.org/sdgs/
report/2022/.

United Nations, Department of Economic and Social Affairs, Population Division. 2019. World Urbanization Prospects: The 2018
Revision (ST/ESA/SER.A/420). New York: United Nations. https://population.un.org/wup/Publications/Files/WUP2018-Report.
pdf.

UN WOMEN. 2012. Commission on the Status of Women: Facts and Figures, New York. http://www.unwomen.org/en/news/
in-focus/commission-on-the-status-of-women-2012/facts-and-figures.

USAID (U.S. Agency for International Development). 2023. Fiscal Year 2023 Agency Financial Report: Continuing Progress Beyond
Programs. https://www.usaid.gov/sites/default/files/2023-11/USAID%20FY2023AFR%20.pdf.

Van Koppen, Barbara, and Intizar Hussain. 2007. “Gender and Irrigation: Overview of Issues and Options.” Irrigation and Drainage:
The Journal of the International Commission on Irrigation and Drainage 56 (2-3): 289-98.

World Bank. 2021. “LAC Equity Lab: A Platform for Poverty and Inequality Analysis.” World Bank. https://www.worldbank.org/en/
topic/poverty/lac-equity-lab1/overview.

World Bank (2023) Mozambique - Country Climate and Development Report (English). Washington, D.C. World Bank Group. http://
documents.worldbank.org/curated/en/099113023154021937/P1771520fcab7a0930aca102c9d7107d4cc.

Wang, X. 2022. “Managing Land Carrying Capacity: Key to Achieving Sustainable Production Systems for Food Security.” Land 11
(4): 484. https://doi.org/10.3390/Iand11040484.

Webb, Patrick. 2009. “Cultivate Capital: Agriculture, Food Systems, and Sustainable Development.”

INEQUALITIES IN WATER ACCESS

Al


https://doi.org/10.1038/nature20584
https://www.un.org/development/desa/dspd/wp-content/uploads/sites/22/2019/03/Reducing-rural-poverty-in-Vietnam-Issues-Policies-Challenges.pdf
https://www.un.org/development/desa/dspd/wp-content/uploads/sites/22/2019/03/Reducing-rural-poverty-in-Vietnam-Issues-Policies-Challenges.pdf
https://doi.org/10.1146/annurev.energy.32.041806.143704
https://doi.org/10.1146/annurev.energy.32.041806.143704
http://documents1.worldbank.org/curated/en/099145503202323072/pdf/P178601171e7ffac1ea0714b5e187c0122449517b07d.pdf
http://documents1.worldbank.org/curated/en/099145503202323072/pdf/P178601171e7ffac1ea0714b5e187c0122449517b07d.pdf
https://doi.org/10.2307/1912718
https://ageconsearch.umn.edu/record/235171?v=pdf
https://doi.org/10.5194/hess-14-1863-2010
https://doi.org/10.1016/j.jup.2019.100957
https://doi.org/10.1016/j.jup.2019.100957
https://doi.org/10.1371/journal.pwat.0000097
https://unstats.un.org/sdgs/report/2022/
https://unstats.un.org/sdgs/report/2022/
https://population.un.org/wup/Publications/Files/WUP2018-Report.pdf
https://population.un.org/wup/Publications/Files/WUP2018-Report.pdf
http://www.unwomen.org/en/news/in-focus/commission-on-the-status-of-women-2012/facts-and-figures
http://www.unwomen.org/en/news/in-focus/commission-on-the-status-of-women-2012/facts-and-figures
https://www.usaid.gov/sites/default/files/2023-11/USAID%20FY2023AFR%20.pdf
https://www.worldbank.org/en/topic/poverty/lac-equity-lab1/overview
https://www.worldbank.org/en/topic/poverty/lac-equity-lab1/overview
http://documents.worldbank.org/curated/en/099113023154021937/P1771520fcab7a0930aca102c9d7107d4cc
http://documents.worldbank.org/curated/en/099113023154021937/P1771520fcab7a0930aca102c9d7107d4cc
https://doi.org/10.3390/land11040484

Whitton, Clare, Diana Bogueva, Dora Marinova, and Clive JC Phillips. 2021. "Are We Approaching Peak Meat Consumption?
Analysis of Meat Consumption from 2000 to 2019 in 35 Countries and Its Relationship to Gross Domestic Product.” Animals
11 (12): 3466.

Zhang, Kun, Xin Li, Donghai Zheng, Ling Zhang, and Gaofeng Zhu. 2022. “Estimation of Global Irrigation Water Use by the
Integration of Multiple Satellite Observations.” Water Resources Research 58 (3): €2021WR030031.

Zwart, Sander J., and Wim G. M. Bastiaanssen. 2004. "Review of Measured Crop Water Productivity Values for Irrigated Wheat,
Rice, Cotton and Maize." Agricultural Water Management 69 (2): 115-33. https://doi.org/10.1016/j.agwat.2004.04.007.

Zwarteveen, Margreet Z. 1997. “Water: From Basic Need to Commodity: A Discussion on Gender and Water Rights in the Context
of Irrigation.” World Development 25 (8): 1335-49.

72 WATER FOR SHARED PROSPERITY



https://doi.org/10.1016/j.agwat.2004.04.007

Hydro-Climatic
xXtremes and
their Impacts

“The health of our waters
is the principal measure of how
we live on the land.”
Luna Leopold



CHAPTER KEY MESSAGES

AND FINDINGS

+ Climate change will exacerbate water risks worldwide, as rising temperatures lead to more
frequent and extreme weather events, such as droughts and floods. Developing countries
and the poor population will suffer more because they have fewer coping resources and

higher vulnerability.

+ Between 2000 and 2021, middle- and low-income countries have had a significantly higher
share of land affected by droughts, and experienced higher intensity of droughts than high-

income countries.

+ Between 2000 and 2021, middle-income countries are more exposed to high flood risks,
while low-income countries experienced longer-lasting floods than high income countries.

Within countries, in urban areas, the poor are disproportionately at risk from flooding.

+ Droughts and floods can exacerbate poverty and inequality. The cumulative and interrelated
impact of water shocks on the income, education, and health can push the vulnerable

population into poverty and entrapment.

Climate change will exacerbate water risks worldwide, as rising temperatures lead to more frequent
and extreme weather events, including floods and droughts. Experts across business, academia,
government, civil society, and the international community have ranked extreme weather as the most
likely risk to materially impact the world in 2024, and over the next decade (WEF 2024). Due to their
relatively unprecedented nature, these extreme water risks can have profound effects and economic
shocks on even a wealthy society. In 2023, there were 28 “>billion dollar” extreme weather events that
cost the US economy almost $100 billion in damages (NCEI 2024). Developing countries suffer even
more because they have fewer coping resources and higher vulnerability.

This chapter explores the effects of droughts and floods on shared prosperity (Figure 4.1). It uses
the latest scientific literature and additional analysis to highlight their frequency and geographical
prevalence on a global scale, focusing on the impacts in developing countries and the poorest in all
societies. It explains why the poorest are often the hardest hit when water-related disasters occur and
what makes them especially vulnerable in the short and long term. These disasters multiply the threat
to the poor and can push more into poverty, threatening shared prosperity and poverty reduction goals
(Hallegatte, 2016). These impacts are illustrated with examples showing the estimated effects of
hydro-climatic extremes on the four building blocks of the prosperity for vulnerable groups.
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FIGURE 4.1 Hydro-climatic risks threaten the goal of shared prosperity on a livable planet
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Note: Water security is defined as the availability of an acceptable quantity and quality of water for health, livelihoods, ecosystems, and production,
coupled with an acceptable level of water-related risks to people, environments and economies (Grey and Sadoff 2007). Water services include
irrigation, water supply, and sanitation.

DROUGHTS: THE LONG SHADOW

WHO IS AFFECTED?

Water deficits and droughts (Box 4.1) can occur anywhere but are more common in particular regions.
In these regions, regional climate, local geography, and land uses combine to increase the chances
and impact of drought.

The semi-arid tropics climate zone is particularly drought-prone and spans 48 developing countries.
These countries are in Southeast Asia, Sub-Saharan Africa, and a few locations in Latin America.
Semi-arid tropics areas are characterized by dry seasons, irregular rainfall, and nutrient-poor soils. In
these areas, key subsistence crops like sorghum, millet, and legumes are crucial for local populations.
However, environmental stresses, particularly extreme temperatures, drought, and salinity, significantly
limit agricultural productivity in these regions (Krishnamurthy et al. 2011).

There has been a significant increase in drought duration, impacted area, and severity in global grain
production areas. This trend is most pronounced in developing countries and regions, which are more
susceptible to extreme droughts and experience more crop losses (Wang et al. 2018). Another study
has shown that drought coincides with high poverty levels in 15 major farming systems, especially
those in the Sahel, South Asia, and eastern and southern Africa (Hyman et al. 2008). These areas
are affected by frequent drought occurrences and are populated by the world's poorest and most
vulnerable farmers.
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BOX 4.1 What is drought?

Drought is a general term given to a severe and prolonged lack, or deficit, of water for a specific need,
whether for plants, humans, or something else (Yuan and Wood 2013). The term can refer to a lack of
water at any point in the water cycle, leading to many definitions of drought. The definition depends on
where the deficit occurs and what the specific need for the water is. For example, a lack of rainfall, or
precipitation, is called a meteorological drought. This type of drought can lead to a hydrological drought,
when river flow diminishes significantly, and water stored in the landscape is used up. It can also lead to
agricultural or environmental drought, when the water in soil required to keep plants growing and healthy
is lacking. Finally, it can also lead to socioeconomic drought, when society and the economy suffer major
impacts.

Meteorological droughts (rainfall deficits) have not substantially changed globally in the last 120 years;
however, agricultural, and ecological droughts due to increased water demand from the atmosphere have
grown more severe (Vicente-Serrano et al. 2022). This atmospheric evaporative demand (AED) is the part
of the water cycle where water returns to the atmosphere. A positive AED causes evapotranspiration, the
loss of water from the soil both by evaporation and by transpiration from the plants growing on it. AED
is driven mainly by temperature increases. So, even with sufficient rainfall for plants, an increase in AED
may lead to drought.

Droughts occur over multiple timescales ranging from weeks to years. If they are especially long, they
are called mega-droughts. An example is the Australian “millennium drought,” which lasted from 1996 to
2010. It began during an El Nifio event and ended with a La Nifia event, both large-scale climatic events
related to ocean temperature.

This report defines droughts using the Standardized Precipitation Evapotranspiration Index (SPEI) from
the University of East Anglia Climatic Research Unit's (CRU) dataset. The index captures deviations
from long-term averages both in precipitation and in temperature (for temperature by using potential
evapotranspiration as an estimate of AED). SPEI values are standardized, making comparison across
space and time possible. A SPEI value of -1,-2, and -3 indicates deficits of about 1, 2, and 3 standard
deviations from the local long-term average, respectively. To estimate the occurrence of droughts, the
SPEl is calculated at the grid-cell level for every month between 2000 and 2021. A grid-cell is considered
to be under drought when the SPEI is below -1 and is under extreme drought when the value is below -2.

The analysis in this report focuses on two measures: the share of land area affected by droughts and
the intensity of the drought in the affected area. For each state or province in the world, the share of land
affected by drought is calculated as the sum of the area of all its grid-cells with SPEI below -1, divided
by its total land area. The average intensity of droughts is measured as the average SPEI value during
periods when SPEI value is less than -1. The average intensify of extreme droughts is measured using
SPEI<-2 as a threshold.
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Analysis conducted for this report, using monthly SPEI data at grid-cell level, indicates that the Middle
East and North Africa, as well as Latin America and the Caribbean, have been the most affected by
droughts over the past two decades. Between 2000 and 2021, droughts have on average impacted 24
percent of the world's land area each month. However, the share of land affected by droughts was at
39 percent in the Middle East and North Africa, and 33 percent Latin America and the Caribbean. It is
worth noting that the Amazon rainforest has been severely affected by droughts, with 49 percent of
its land being impacted by droughts in the nine states of Brazil in which the rainforest is located (Map
4.1 panel a).

Other areas that were significantly affected by droughts include South Asia, Sub-Saharan Africa, and
East Asia and the Pacific, where droughts have affected 23, 22, and 22 percent of the land, respectively.
In contrast, Europe and Central Asia and North America were the least affected regions, with droughts
impacting 20 and 15 percent of the land, respectively.!

Analysis conducted for this report shows that globally, an estimated 810 million people live in high
poverty and high drought risk hotspots (Map 4.1 panel b). These hotspots are defined as states
or provinces where more than 66 percent of the population lives on less than $6.85 per day and
where the incidence of droughts is high (more than 24 percent of the land was affected by droughts
between 2000 and 2021). About 76 percent of these hotspots are located in Sub-Saharan Africa,
with smaller concentrations in the Middle East and North Africa (10 percent) and in South Asia
(7 percent).? Additionally, 1.2 billion people, mostly in South Asia, reside in hotspots characterized by
high poverty levels and medium drought incidence.® Lastly, 203 million individuals live in areas with
medium poverty rates (33 percent to 66 percent of the population living on less than $6.85 per day)
and high drought incidence.*

Between 2000 and 2021, droughts affected middle-income countries more (Figure 4.2). In this period,
droughts affected 26 percent of the land of upper- and lower-middle-income countries each month.
In low-income countries the share of land affected was 23 percent whereas in high-income countries
it was 19 percent. Middle- and low-income countries also experienced more extreme droughts and
more intense droughts than high-income countries.

Drought assessment using models of future climate scenarios shows that increases in temperature
rather than reductions in precipitation play the biggest role in increasing drought likelihood. The global
land area affected by meteorological drought is projected to increase by 15 percent by 2100 and to
nearly 50 percent when temperature effects are included. The most affected areas will be Central
Europe and Asia, the Horn of Africa, India, North America, Amazonia, and central Australia (Spinoni et
al. 2020). Poor farmers without access to irrigation will become increasingly exposed to changes in
rainfall patterns and the severity of drought.

WHAT ARE THE IMPACTS?

Droughts can have diverse impacts, ranging from reduced crop yields and increased food prices to
drinking water shortages and conflicts over resources. As a result, droughts can negatively affect all
four building blocks of prosperity. In addition, droughts can deplete productive and human capital and
affect risk attitudes and technology adoption, leading to long-term consequences that go beyond the
immediate impact on water availability. Civil conflict, poor governance, poverty, and disease, among
other factors, increase vulnerability to drought in developing countries.
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MAP 4.1 Droughts and poverty hotspots are concentrated in Sub-Saharan Africa and South Asia
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Note: Analysis is based on (1) poverty data at the state and province levels, obtained from The World Bank’s Global Subnational Atlas of Poverty
(GSAP) and the Geospatial Poverty Portal of the World Bank Group, and (2) drought data obtained using the SPEI from the Climatic Research Unit's
dataset at the University of East Anglia. Panel a identifies droughts at the state or province level by depicting the average share of land affected
by droughts each month between 2000 and 2021. Panel b presents hotspots for poverty and droughts. To identify hotspots, states and provinces
are classified into nine categories based on a combination of three poverty categories (low, medium, high) and three incidence categories (low,
medium, high) of droughts. However, panel b of the maps only displays three categories: (i) high poverty and high incidence (shown in dark red),
(i) high poverty and medium incidence (shown in red), and (i) medium poverty and high incidence (shown in yellow). The poverty categories are
based on the share of population living below the $6.85 a day poverty line (2017 PPP) in 2019, with low, medium, and high categories defined as
below 33 percent, between 33 and 66 percent, and above 66 percent, respectively. The incidence categories are based on the share of land affected
by droughts between 2000-01 and 2021-12, with low, medium, and high categories defined as below 18 percent (33 percent of all states and
provinces), between 18 and 24 percent (33 percent), and above 24 percent (33 percent), respectively. States and provinces where both poverty and
the incidence of droughts are in the high category are considered high-vulnerability hotspots for poverty and droughts.
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FIGURE 4.2 Middle-income countries have been hit the hardest by droughts

Share of land affected by droughts and intensity of droughts by country income group
(2000-21)
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Source: World Bank.

Note: Analysis is based on the SPEI (Standardized Precipitation-Evapotranspiration Index) from the University of East Anglia Climatic Research
Unit's dataset. For each country income group, share of land affected is the sum of the area of all the grid-cells with SPEI below -1 divided by total
area. The intensity of droughts is the mean of the SPEI of the grid-cells with SPEI below -1. The intensity of extreme droughts is the mean of the
SPEI of all locations with SPEI below -2. The inter-quartile range (IQR) denotes the range of values between the bottom 25 and 75 percent of the
observations.
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Jobs and income

Droughts can decrease economic productivity by reducing agricultural output and tourism, disrupting
shipping and energy production, and increasing energy prices. Developing countries and poor farmers
are more susceptible to droughts’ impacts due to (1) their higher reliance on agriculture and natural
resources, (2) inadequate infrastructure and water management systems to absorb shocks, and (3)
limited capacity to recover from shocks (Obsi Gemeda and Dafisa Sima 2015; de Azevedo Reis et al.
2020).

For example, Zaveri, Damania, and Engle (2023) found that low- and middle-income countries are
considerably more vulnerable to rainfall deficits than higher-income countries. In low- and middle-
income countries, extreme drought reduces growth by about 0.85 percentage points. By contrast,
in high-income countries, extreme droughts reduce growth by a little less than half the impact felt
in developing countries. Similarly, International Monetary Fund (IMF) estimates show that a single
drought can lower an African country’'s medium-term economic growth potential by 1 percentage
point, almost 60 percent more than in other emerging markets and developing economies (IMF 2021).

Droughts can have significant long-term economic implications for the world’s poor. In ex ante,
rainfall shocks can shape risk attitudes and allocation of production resources (Rosenzweig and
Binswanger 1993; Rosenzweig and Wolpin 1993). In low-income settings, weather risks are uninsured
or only partially insured. The presence of uninsured risks tends to heighten individuals’ risk aversion
(Liebenehm, Schumacher, and Strobl 2024). It lowers productivity by shifting investment away from
income-maximizing to risk-reducing activities or by discouraging investment altogether (Di Falco and
Chavas 2009; Amare and Shiferaw 2017). For example, farmers in Shinyanga, a semi-arid district in
western Tanzania, with limited options to insure against weather risks, were found to grow lower-
return but safer crops (sweet potatoes), forgoing up to 20 per cent of theirincome as implicitinsurance
premium (Dercon 1996). In Ethiopia, rainfall risks discouraged poor farmers from adopting and using
fertilizer, causing inefficiencies in production choices (Dercon and Christiaensen 2011).°

In ex-post, poor farmers are more likely to rely on rainfed agriculture, therefore becoming more
vulnerable to weather conditions. In addition, a common coping strategy for people experiencing
extreme weather events is to sell their livestock and durable assets or borrow money for survival.
Selling assets reduces their ability to generate income (Pandey, Bhandari, and Hardy 2007; Pandey
and Bhandari 2009; Sherwood 2013). As these events become more frequent and severe, farmers
borrowing money are less able to pay off the debt from previous events, potentially being trapped in a
cycle of debt and hardship (Atiqul Hag 2022).

In summary, due to their limited assets and ability to insure against weather risks, poor households
are particularly susceptible to the ex-ante and ex-post impacts of droughts. Amare et al. (2018) found
that droughts disproportionally affect asset-poor and land-poor households in Nigeria. The differential
impact is stark, with asset-poor households experiencing a 60 percent reduction in household
consumption on average due to negative rainfall shocks, compared with a 19 percent reduction for
asset-nonpoor households. Similarly, Boansi et al. (2021) found droughts particularly affect the asset
poor, with a potential impact ranging from 7 percent to 46 percent of total household income.

Droughts can also worsen affordable water access for low-income households. Water providers may
use expensive short-term measures such as curtailment or investing in additional water supplies
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to ensure reliability. However, these measures can raise water rates and make water unaffordable,
especially for low-income households. For example, recent droughts in California showed that high-
income households can cut back water use significantly, lowering their average water bill even with a
higher water tariff. Lower-income households, however, tend to have less flexibility in their water use,
and they pay higher water bills during drought periods, which reduces their water security (Rachunok
and Fletcher 2023).

In addition, droughts can have a global impact through their influence on shipping and trade. For
example, a severe drought at the Panama Canal has been affecting global trade since 2023. The
transit of every ship through the Panama Canal’s lock system uses nearly 200,000 cubic meters of
fresh water supplied by artificial reservoirs (Carse 2017). The Panama Canal carries 5 percent of
global maritime trade, and water restrictions reduced trade throughput by an estimated 15 million
tons in 2023 (Arslanalp et al. 2023). These restrictions continue to have adverse consequences not
only for consumer prices but also for employment opportunities along the supply chain.

Health and education

Droughts primarily affect health through two channels: food and nutrition, and water-related diseases.
First, droughts can reduce agricultural production, which can lead to higher food prices and lower
diet variety and nutrient intake (Trinh, Feeny and Posso 2021). Droughts can also affect incomes (as
outlined above), limiting food intake, water use, and other essential household expenditures (Howard
et al. 2020).

The 2015-18 drought in the Western Cape in South Africa, for example, resulted in a decrease in
agricultural production and an increase in food prices, especially for staple foods like maize (World
Bank 2022c). In the Sahel region, the 2016—20 drought harmed more than 20 million people
through a sharp increase in food prices and food insecurity (World Bank 2022a). Likewise, the worst
meteorological drought in the past two decades in the Horn of Africa resulted in a severe food
security crisis in Somalia, Kenya, and Ethiopia, affecting more than 21 million people in the region.
In Afghanistan, households responded to the 2018 drought by reducing both food and non-food
consumption (Kochhar and Knippenberg 2023).

Second, droughts can increase the prevalence of water-related diseases such as diarrhea and malaria.
When rainfall decreases, viruses, bacteria, and protozoa can pollute groundwater and surface water
(Mosley 2015). Droughts have been shown to increase the probability of malaria epidemics in
Venezuela (Bouma and Dye 1997). Poor people are also more vulnerable to malaria because they lack
preventative measures like mosquito nets and insecticides, and they have less access to healthcare.
People who don't have access to safely managed water are also at higher risk for drought-related
infectious diseases.

The impact of droughts on health can persist long after the drought has ended. For example, Moobi
and Kalaba (2018) found that households continue to pay higher prices for maize even during drought
recovery periods, when prices are expected to decline because cost savings from producers were
not passed onto consumers. More importantly, as discussed in Chapter 1, droughts associated
with maternal malnutrition and undernourished early childhood development, can have long-lasting
impacts, even across generations, on health, cognitive development, and other economic outcomes.

HYDRO-CLIMATIC EXTREMES AND THEIR IMPACTS

81



82

Droughts and rainfall shocks can cause disinvestment in human capital development due to the
income effects of climate shocks, which particularly affect women. Sherwood (2013) shows that
drought conditions can perpetuate poverty traps and exacerbate a “poverty of time and energy”
among women. Maitra and Tagat (2019) reported that women's attendance in educational institutions
is reduced during droughts.

Through these multiple channels, droughts can have a significant impact on human capital
development. Indeed, the analysis carried out for this report has revealed a significant negative
correlation between droughts and their duration and the Human Development Index (HDI) for 179
countries during the period of 2005-15 (Appendix B). A severe drought, which is defined as a drought
lasting for at least seven months during a single year, is found to be associated with an average annual
decline of 0.8 percent in the HDI (Figure 4.3). A high-level drought, which is defined as a drought lasting
between four to six months during a single year, is associated with an average annual decline of
0.6 percent in the HDI.

Peace and social cohesion

In addition to imposing economic and human capital losses, droughts can threaten the peace and
stability of a society. As discussed in Chapter 1, output and income decreases induced by droughts
can lower the opportunity cost of engaging in conflicts, and increased food prices and economic
stress on households may spill over into broader political instability, forcing migration from drought-
stricken areas. Increased competition for water could lead to conflict as well. With expected increase
in the frequency and severity of droughts, studies have projected increased rates of human conflicts

FIGURE 4.3 Droughts and their duration are negatively correlated with the Human Development Index

Effects of droughts on the Human Development Index (2005-15)
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Source: World Bank.

Note: Analysis is based on a sample of 674,069 observations for 179 countries at state or province levels during 2005-15. A severe drought is
defined as a drought lasting for at least seven months during a single year. A high-level drought is defined as a drought lasting between four to six
months during a single year. Finally, a moderate drought is defined as a drought lasting between one to three months during a single year. The HDI
consists of a composite index of life expectancy, education, and per capita income indicators. It is widely recognized as the main measure of human
development worldwide. HDI ranges from 0 to 1, with higher values indicating higher levels of human development. The usual unit of measure is
0.01, which equals one percentage point of the index.
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as a critical impact of climate change (Hsiang, Burke, and Miguel 2013; Harari and La Ferrara 2018).
Regions and countries that are already grappling with conflicts and dwindling social capital are more
vulnerable to potential political and civil unrest due to water scarcity (Chapter 1).

Environment

Evidence suggests that droughts and desertification have significant impacts on the environment.
When the environment is affected by droughts and desertification, natural ecosystems are modified,
increasing risks to ecosystems and human well-being. The environmental consequences of droughts
and desertification include soil degradation, changes in vegetation cover, loss of wildlife habitats,
leading to ecosystem instability, loss of biodiversity and reduced ecosystem services (Vogt et al. 2011;
Xu et al. 2009). Droughts and desertification also affect water quality, fish population, and disrupts
aquatic ecosystems (Palmer et al. 2008; Crausbay et al. 2017).

Droughts also increasingly affect wetlands. Reduced precipitation and increased evapotranspiration
hinder water infiltration into the soil, limiting the water purification capacity of wetlands. Andean
wetlands called paramos can store equally large amounts of soil organic carbon and vast quantities
of water, forming wetlands crucial for the sustainability of downslope Andean ecosystems and
human settlements. In countries such as Ecuador and Colombia, prolonged droughts have affected
these wetlands.

FLOODS: AN INUNDATION OF INJUSTICE

Flooding is when an area that is usually dry becomes submerged in water. It is the most frequently
occurring and damaging natural hazard (Jongman et al. 2018). There are several types of flooding.
Flooding from overflowing rivers is known as fluvial flooding and occurs because of prolonged rainfall
or melting snow in a catchment. Pluvial flooding is when rainfall pools on land that cannot absorb it
due to impermeable surfaces or because urban drainage systems have become overwhelmed. Flash
flooding is when intense rainfall leads to the rapid and intense flow of water. Prolonged rainfall can
also cause water tables to rise, leading to groundwater flooding. In coastal areas, storm surges and
high tides can lead to coastal flooding.

WHO IS AFFECTED?

Throughout history, humans have often chosen to settle in areas prone to flooding (Di Baldassarre
et al. 2013) because rivers are essential sources of freshwater (Kummu et al. 2011), and floodplains
offer fertile soil for agriculture (Crawford et al. 1998). Additionally, rivers and coasts serve as centers
of industry and trade, offering economic opportunities to communities (Fang and Jawitz 2019).
Rentschler, Salhab, and Jafino (2022) found that 1.87 billion people, or 23 percent of the global
population, live in areas exposed to significant risks of fluvial, pluvial, and coastal flooding.® In the past
three decades, there has been an increase in urbanization in areas prone to flooding (Andreadis et al.
2022; Rentschler et al. 2023). In fact, even regions that have recently experienced flooding have seen
an increase in exposure. In a global study of over 900 flood events since 2000, Tellman et al. (2021)
estimated that the number of individuals residing in these locations rose 58 million to 86 million
between 2000 and 2015.
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Flood exposure is widespread, but the poor suffer disproportionally from floods. Most of the global
population exposed to significant flood risks resides in low- and middle-income countries (McDermott
2022). The majority are located in South and East Asia. China and India combined account for more
than one-third of this exposure (Rentschler, Salhab, and Jafino 2022).

The regions most affected by floods are South Asia and East Asia and the Pacific (Map 4.2, panel a).
Globally, 23 percent of the populationis at high risk of floods, with South Asia being the most vulnerable,
where 31 percent of the population is at high risk of floods, followed by East Asia and the Pacific with
28 percent. The Middle East and North Africa are the next most impacted region, with 20 percent of
the population at high risk of floods. The Arab Republic of Egypt (41 percent) and Iraqg (36 percent)
are particularly susceptible. The regions of Latin America and the Caribbean, Europe and Central Asia,
and Sub-Saharan Africa follow closely behind, with 16 percent, 16 percent, and 15 percent of their
respective populations at high risk of floods. North America is the least affected region, with only
12 percent of the population at high risk of floods.”

Analysis conducted for this report shows that globally, an estimated 1.6 billion individuals reside in
high poverty and high-risk flood hotspots (Map 4.2, panel b). These hotspots are defined as states or
provinces where flooding risks are high (Box 4.2) and where more than 66 percent of the population
is living on less than $6.85 per day). Most of these hotspots are located in South Asia, Sub-Saharan
Africa, and East Asia and the Pacific.® Another 1.2 billion people live in hotspots of high poverty and
medium risk of floods.® Finally, 317 million live in areas of medium poverty (where 33 percent to 66
percent of the population are living on less than $6.85 a day) and are at high risk of floods.™

BOX 4.2 How is flood risk measured?

To explore the correlation between poverty and exposure to flood risks, this report assesses flood risks at
the subnational level by examining the share of the population at significant risk of flooding. This is done by
using gridded flood exposure headcount data developed by Rentschler, Salhab, and Jafino (2022). Relying
on flood data from Fathom-Global 2.0, Rentschler, Salhab, and Jafino (2022) estimate population exposure
to flood risk with a 3 arc second resolution (equivalent to about 90 x 90 meters at the equator) for 188
countries. Individuals are classified as exposed to high flood risks if they face inundation depths greater
than 0.15 meters during a 1-in-100 year flood event. Flood risk at subnational level is categorized as (1)
low—states or provinces where below 12 percent of population are at high risk of floods, (2) medium—states
or provinces where between 12 and 19 percent of population is at high risk of floods, and (3) high—states of
provinces where above 19 percent of population is at high risk of floods. Each category accounts for roughly
one third of the world sample.

To measure duration of floods at country level, this report uses information from the Dartmouth Flood
Observatory (DFO). The DFO catalogues floods that occur every one or two decades or those that, according
to the DFO, cause fatalities or significant damage to structures or agriculture. This report analyzes the
duration of all registered floods that have taken place between 2000 and 2021. Incomplete DFO records in
time and spatial coverage could add uncertainty in the analysis findings. However, this is still one of the best
flood observation datasets that are currently available for this form of global analysis.
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MAP 4.2 Vulnerability hotspots for poverty and floods are concentrated in Sub-Saharan Africa, South Asia, and
East Asia and Pacific Region
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Note: Analysis is based on state- and province-level data for (1) poverty from the World Bank Group’s Global Subnational Atlas of Poverty (GSAP)
and Geospatial Poverty Portal and (2) gridded exposure headcount estimates by Rentschler, Salhab, and Jafino (2022). Panel a identifies floods at
the state or province level by depicting the share of population at high risk of floods. This is the population exposed to an inundation depth of 15cm
during a flood event with a 100-year return period. Panel b presents hotspots for poverty and floods. To identify hotspots, states and provinces are
classified into nine categories based on a combination of three poverty categories (low, medium, high; refer to Map 4.1) and three risk categories
(low, medium, high; refer to box B.4.2.). However, panel b of the maps only displays three categories: (i) high poverty and high risk (shown in dark
red), (i) high poverty and medium risk (shown in red), and (iii) medium poverty (shown in yellow). States and provinces where both poverty and the
risk of floods are in the high category are considered high-vulnerability hotspots for poverty and floods.
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Middle-income countries are more exposed to high flood risks, while low-income countries experience
longer-lasting floods (Figure 4.4). In high-income countries, about 16 percent of the population is
at high risk of floods. The proportion is significantly higher for upper-middle-income (24 percent)
and lower-middle-income (27 percent) countries. For low-income countries, the proportion is at
15 percent, but these countries experienced floods that lasted for a longer duration. Globally, between
2000 and 2021, large floods on average lasted 12 days. However, in high-income countries, large
floods lasted for an average 8 days, while in low-income countries, they lasted for an average 15
days. This difference in duration could be related to several factors. It may be that there are relatively
more big rivers, and hence longer floods, in low-income countries. It may also be related to better
infrastructure and flood management resulting in shorter flood durations. While the correlation is
evident from the analyses, the specific mechanisms require further study.

Flood risk is positively correlated with poverty rate at state and province level (Figure 4.5). The
average poverty rate (living on less than $6.85 a day) is 36 percent in states and provinces at low
risk of flooding. It is 52 and 50 percent in states and provinces at medium and high risk of flooding,
respectively. However, within states, areas with higher poverty are not necessarily facing higher risks
of floods because flood risk tends to be higher in urban areas.™

In urban areas, the poor are disproportionally at risk from flooding. Despite the perceived riskiness of
flood-prone areas, socioeconomic factors often force the poor to settle in these areas (Hallegatte 2012).
For instance, low-cost housing in flood-risk areas is more affordable for the poor than other options
(Zhang 2016). Consequently, poor people are less willing and less able to pay for safety from flooding
(Jongman et al. 2018; Winsemius et al. 2018). In most countries where data exist, poor urban households
are more exposed to floods than the average urban population (Hallegatte 2016). For example, in Viet
Nam, informal slum settlements in Ho Chi Minh City are more exposed to flooding than in other urban
areas (Bangalore, Smith, and Veldkamp 2019). In Bago City in Myanmar, poor households are more likely
to reside in areas subjected to more severe flooding (Kawasaki, Kawamura, and Zin 2020).

FIGURE 4.4 Middle-income countries are more exposed to high flood risks while low-income countries
experienced longer duration of floods

a. Exposure to high flood risk b. Duration of floods
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Source: World Bank.

Note: Analysis is based on (1) gridded exposure headcount estimates by Rentschler, Salhab, and Jafino (2022) and (2) records of duration of large
floods taking place between 2000 and 2021 from the Dartmouth Flood Observatory (DFO). Exposure to high flood risk is the share of the population
exposed to an inundation depth of 0.15 meters during a 1-in-100 year flood event.
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FIGURE 4.5 Flood risk is positively correlated with poverty rate at state and province level
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Source: World Bank.

Note: Analysis is based on gridded exposure headcount estimates by Rentschler, Salhab, and Jafino (2022). States and provinces are grouped in
three categories according to share of the population exposed to an inundation depth of 0.15 meters during a 1-in-100 year flood event. The three
categories are: (1) low—below 12 percent, (2) medium—between 12 and 19 percent, and (3) high—above 19 percent. Each category accounts for
roughly one third of the world sample. Poverty rate is the share of the population living under $6.85 a day (2017 PPP) in 2019.

Climate projections using the latest Coupled Model Intercomparison Project Phase 6 (CMIP6)
suggests that river flood exposure due to global warming is projected to increase in Asia, South
America, and Sub-Saharan Africa, whereas flood exposure is projected to decrease in northern and
eastern Europe.’” Projected increases in riverine flooding exposure are particularly significant in Africa
and Asia. With 3 degrees Celsius warming, by the century’s end, Africa is expected to see a 1.7-fold,
and Asia a 1.5-fold, higher flood risk than the average of 1971-2000 (Hirabayashi et al. 2021). Coastal
flooding is also projected to increase in extent and severity due to future sea level rise (Kulp and
Strauss 2019) and storm surges, with future hotspots expected to be concentrated in Asia and north-
western Europe (Kirezci et al. 2020).

WHAT ARE THE IMPACTS?

Floods and droughts, while opposite in terms of rainfall shocks, can have similarimpacts on livelihoods
and well-being. Excess rain can lead to crop damage, livestock losses, lower food supplies, decreased
agricultural income, and increased waterborne disease. However, unlike droughts which tend to have
a slow onset impact, floods can cause rapid damage to infrastructure and property, causing injuries,
displacement, and loss of shelter.

The cost of flooding globally since 1980 has already exceeded $1 trillion, an amount expected to
double by 2030 (Kuzma and Luo 2020). In the last five years alone, losses from flooding worldwide
amounted to $300 billion, of which only roughly $45 billion was insured (Munich RE 2020). Recent
events have shown how deadly and damaging floods can be: Flooding in Germany led to the deaths of
more than 180 people in the summer of 2021 (Lehmkul et al. 2022), and floods in Pakistan displaced
more than 30 million people and led to economic losses greater than $30 billion in the following
summer (Nanditha et al. 2023). Subsequent attribution studies have found that climate change made
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flooding in Germany more likely (Tradowsky et al. 2023) and flooding in Pakistan more intense (Otto
et al. 2023).

Flood impacts, much like drought impacts, vary greatly across different socioeconomic groups. The
poorest and most marginalized populations are the most vulnerable to floods. They often lack flood
protection measures, and have less capacity to smooth consumption in the aftermath of a flood
and as a result have to engage in suboptimal coping strategies. Similar to the impact of droughts,
the cumulative and interconnected impacts of floods on the income, education, and health of the
impoverished people can perpetuate a cycle of poverty.

Jobs and income

Floods can significantly impact economic infrastructure and systems, reducing employment
opportunities and real wages, disrupting markets, and increasing commodity prices for both rural
and urban communities. Consequently, affected households can face reduced incomes and lower
purchasing power, often resulting in reduced food consumption and expenditure on basic durables.

Based on the analysis of the welfare impacts of floods in 24 countries in Sub-Saharan Africa, Azzarri
and Signorelli (2020) found that flood shocks—characterized by annual rainfall exceeding one
standard deviation from the 50-year average—result in a substantial decrease in total and food per-
capita consumption both by around 35 percent and an increase in extreme poverty by 17 percentage
points. Smallholder farmers emerge as particularly susceptible to the weather. For example, Baez,
Fuchs, and Rodriguez-Castelan (2017) revealed that the most intense tropical storm in Guatemala
played a significant role in pushing nearly 80,000 additional families into poverty, mostly in urban
areas.

Poor households suffer disproportionally from floods. The losses from water shocks are often
communicated in loss or damage to assets. The equivalent loss of assets for a low-income household
compared with a high-income household would have a greater relative impact on the low-income
household because the assets represent a greater proportion of the low-income household’s wealth.
In Mumbai, surveys conducted on households following an exceptional flood in 2005 found that
households below the poverty line experienced losses equivalent to six times their monthly income,
while higher-middle-income groups experienced losses only twice their monthly income (Patankar
and Patwardhan 2016).

Similarly, empirical evidence from Malawi spanning 2016 to 2019 illustrates that households
experiencing floods once every four years witness a minimum 17 percent reduction in their agricultural
income, and floods are estimated to increase the poverty rate by 30 percentage points for the bottom
40 percent, compared with 14 percentage points among the overall affected population (World Bank
2022b). The distributional analysis of flood impacts in Colombia revealed a similar pattern (Figure 4.6).

Beyond immediate economic loss, poor households face higher uninsured flood risks, which makes
them more risk-averse and more likely to forgo high-risk and high-return growth opportunities. In
low-income countries, disaster insurance is often unavailable due to high transaction costs and weak
institutions (Hallegatte et al. 2020). Even when it is available, take-up remains low particularly among
the poor because of affordability issues (Grislain-Letrémy 2018; Pierro and Desai 2008).
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FIGURE 4.6 Distributional analysis of flood impacts in Colombia
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Health and education

Flooding has more direct tangible impacts on health than droughts (Du et al. 2010; Stanke et al.
2013). These impacts can include drowning, injuries, hypothermia, and disruption to access to health
facilities. Like droughts, floods increase the risk of vector-borne diseases, which can occur when flood
water combines with sewage (Miller and Hutchins 2017). Floods and heavy rain spread pathogens
into water sources, causing spikes of diseases including cholera. Rivers and floodplains have been
shown to be critical transmission foci for malaria in Africa (Smith et al. 2020). The incidence of floods
in Asia and Africa has increased the occurrence of diarrhea and respiratory infections in children living
in informal settlements and slums (IPCC 2022). The barriers posed by Zambezi floodwaters hinder
women'’s ability to reach healthcare facilities promptly (Mroz et al. 2023).

Floods can also affect child nutrition, as poor households with limited assets respond to income loss
and higher food prices by reducing the quality and quantity of nutrition provided to children (Hallegatte,
2016). Studies in low- and middle-income countries have found that floods can lead to undernutrition
in children under-five years of age (Agabiirwe et al. 2022).

In Bangladesh, for example, children living in villages severely exposed to floods experienced a two-
fold increase in stunting (Agabiirwe et al. 2022). The trauma experienced by those affected by floods
and droughts can also lead to (or worsen) mental health conditions, particularly for children (Dean and
Stain 2007; Cheema et al. 2023).

Floods can also have a negative impact on education, particularly for the poor, as households attempt
to mitigate the income effects of floods through increased labor supply by children. Baez, Fuchs,
and Rodriguez-Casteldn (2017) found that child labor increased by 10.8 percent from the pre-shock
level in the aftermath of a major tropical storm in Guatemala, with the largest increase observed in
flood-affected rural villages. In Pakistan, analysis of household surveys conducted before and after
the 2010 floods showed that the floods led to a sharp rise in school dropout rates, with a measurable
impact on literacy rates and education levels (Khan and Karrar 2023).

In addition, floods can affect school attendance by disrupting physical access to school facilities.
Following the approach of Azevedo et al. (2021), analysis conducted for this report estimates

HYDRO-CLIMATIC EXTREMES AND THEIR IMPACTS 89



the impact of floods on schooling days and lifetime income (Appendix B). Based on grid cell level
precipitation and population data, the analysis reveals that, globally, from 2000 to 2022, more than
139 million school-age children in 147 countries were affected by extreme wet shocks lasting an
average of 1.83 months per year.™

Assuming children stayed out of school during extreme rainfall shocks, learning-adjusted years of
schooling (see Filmer et al. 2020) fell by an average of 0.12 percent for school-age children. This
decline in education could lead to a decline in lifetime earnings of $4,361 PPP per person on average,
resulting in an aggregate income loss of more than $565 billion at the global level. The extent of
the impact varies across countries, with low-income countries being particularly affected. Map 4.3
provides an illustration of this variation. It aggregates the lifetime earning loss at the country level
and compares it to the GDP of a single year. The median value of lifetime earning loss due to floods
during the 2000-22 period is equivalent to 1.5 percent of a single year's GDP. However, for a handful
of countries in Sub-Saharan Africa and South Asia, the combined loss can surpass 20 percent of a
single year's GDP.

The economic impact of rainfall shocks presented in Map 4.3 represents only lower-bound estimates.
Considering the cumulative effect of extreme rainfall events, particularly given their increasing
frequency and intensity due to climate change, the long-term economic impact of floods is likely to
be much larger.

MAP 4.3 Aggregate lifetime earning loss due to floods is disproportionately higher in low-income countries
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Source: World Bank.

Note: Analysis is based on the Standardized Precipitation Evapotranspiration Index (SPEI), harmonized learning outcomes data from Angrist et al.
(2021), population data from CIESIN (2018), and Gridded Population of the World from the NASA Socioeconomic Data and Applications Center.
The analysis compares lifetime earnings with and without exposure to flood shocks during the period 2000-22. The methodology accounts for the
direct impact of flood shocks on schooling days and is associated with learning loss. Flood shocks are defined as an area with an SPEI greater than
2, and the gridded population is used to identify the flood-exposed school-age population.
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Peace and social cohesion

Although the literature has mostly focused on the effects of droughts and water scarcity on conflicts,
floods can be equally disruptive to social stability. Floods can quickly destroy lives and property,
leading to social discontent, particularly in developing countries, where roads are of poor quality
and extreme rain can destroy infrastructure, limiting the state’s capacity to respond to disturbances
around the country (Hendrix and Salehyan 2012).

Hendrix and Salehyan (2012) reveal a significant relationship between deviations from normal rainfall
patterns and social conflicts in 47 African countries during the 1990—2009 period. The study revealed
that both extremely dry and wet conditions are positively associated with various types of social
unrest. Notably, it also showed that armed conflicts are more likely in years of abundant rainfall.

Environment

It is important to note that floods play a crucial role in creating and maintaining river and floodplain
habitats. Predictable and less extreme floods create conditions for species and habitats to exist and
adapt better to the environment under stable ecosystems. For instance, in the Amazon River, many
fish species that local communities depend on are forest-dwelling fish that feed on leaves, fruits,
seeds, and insects that fall into the river during the annual rainy season. Trees of these seasonally
flooded forests have developed fruits and seeds that mature during the flooding season.

However, extreme floods can disrupt this balance, affecting fish populations and communities that
depend on them. Extreme floods can have a significant impact on the environment also by causing
degradation of water quality, and destruction of habitats (Aldardasawi and Eren 2021; Dube and
Nhamo 2018; Qian, Wang, and Li 2022). As floods become more frequent and extreme due to climate
change, the negative impacts of floods on the environment are likely to increase. It is essential to
take an integrated approach to flood management to balance the needs of flood protection with the
importance of maintaining healthy river ecosystems.

CONCLUDING REMARKS

Droughts and floods disproportionately affect the world’s poorest populations. The compounding
effect of natural hazards and poverty is further amplified when poor water supply, sanitation and lack
of wastewater management exacerbate the impacts of droughts and floods, making it more difficult
for poor communities to escape poverty. Prioritizing resilience and adaptation strategies in vulnerable
communities around the globe is essential to achieve shared prosperity. A concerted effort is required
to address interrelated hazards and incorporate disaster risk management into development planning,
particularly in regions where poverty and hydro-climatic risks are highly concentrated. The next
chapter includes policy recommendations aimed at improving climate resilience in order to protect
the vulnerable population.
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NOTES

-

By region, the countries most affected by droughts are Mongolia, French Polynesia, North Korea (DPRK), and China (East Asia
and the Pacific); Turkmenistan and Uzbekistan (Europe and Central Asia); Brazil, Haiti, Venezuela, and Trinidad and Tobago
(Latin America and the Caribbean); Qatar, Kuwait, United Arab Emirates, Oman, and Saudi Arabia (Middle East and North
Africa); Unites States (North America); Pakistan and Afghanistan (South Asia); and Guinea-Bissau, the Gambia, Mauritius,
Senegal, and Mauritania (Sub-Saharan Africa).

2 There are 191 hotspots. Tanzania, Sudan, and Senegal contain 51 of these hotspots, which affect 107 million people. India
has nine hotspots (389 million) whereas Bangladesh (31 million) and Pakistan (62 million) have two each. Egypt has sixteen
hotspots (81 million people). Uzbekistan has five hotspots (11 million). Haiti has six (10 million). Countries in East and the
Pacific lack this type of hotspots.

3 The majority of people living in these hotspots are concentrated in just three countries in Southeast Asia — India (625 million),
Pakistan (139 million), and Bangladesh (115 million).

4 The largest concentration of people living in these hotspots can be found in America and the Caribbean, with a total of 96
million people, followed by the Middle East and North Africa with 65 million individuals.

&3}

As a costly input, when droughts occur, returns tend to be low given the sunk cost of fertilizer, making it a high-risk and high-
return activity compared to not using fertilizer.

(o)}

Floods with depths greater than 0.15 meters and occurring with a probability of once in a hundred years.

7 By region, the countries most at high risk of floods are Viet Nam (47 percent), Myanmar (42 percent), Lao PDR (39 percent),
Cambodia (38 percent) and Thailand (34 percent) in East Asia and the Pacific; The Netherlands (59 percent) in Europe and
Central Asia; Guyana (38 percent) and Suriname (38 percent) in Latin America and the Caribbean; Egypt, Arab Rep. (41 percent)
and Irag (36 percent) in Middle East and North Africa; United States (12 percent) in North America; Bangladesh (58 percent),
Pakistan (32 percent), Nepal (29 percent), and India (28 percent) in South Asia; South Sudan (32 percent), Republic of Congo
(29 percent), Chad (27 percent), and Liberia (24 percent) in Sub-Saharan Africa.

8 There are some 283 hotspots. They are widespread in Sub-Saharan Africa, particularly in Madagascar (in which 18 million
people live in hotspots), Malawi (7 million), Sudan (33 million), Liberia (3 million), Nigeria (52 million), and Chad (9 million). India
has fourteen hotspots in which 742 million people live. Bangladesh has seven hotspots (171 million) and Pakistan has two
(192 million). Indonesia has eleven hotspots in which 128 million people live. The Philippines has fifty (50 million), Lao PDR has
thirteen (5 million), and Myanmar has six (21 million). Egypt has seventeen hotspots in which 86 million people live.

9 There are some 260 hotspots. By region, the countries with more people in these hotspots are: Indonesia (8 million), Papua
New Guinea (4 million) in East Asia and the Pacific; Uzbekistan (11 million) in Europe and Central Asia; Haiti (6 million) in Latin
America and the Caribbean; Yemen (2 million) in the Middle East and North Africa; India (665 million) and Pakistan (44 million)
in South Asia; Nigeria (114 million), Democratic Republic of Congo (50 million) and Tanzania (43 million) in Sub-Saharan Africa.

10 The majority of people in these hotspots are in East Asia and the Pacific (216 million or 68 percent) and in Latin America and
the Caribbean (38 million or 12 percent).

11 Historically, cities developed close to rivers and coasts (Andreadis et al. 2022). Between 1985 and 2015, across the world
urban settlements grew by 85 percent but those exposed to a highest flood hazard grew by 122 percent (Rentschler et al.
2023). In contrast with rural areas, impervious surfaces (roads, buildings) cover most of the soil in urban areas. Impervious
surfaces exacerbate floods because they cause rain to accumulate and increase the flow rate of the accumulated rain, leading
to faster flowing floods (Sohn et al. 2020).

12 Extreme precipitation is expected to increase with future warming in most regions globally (Seneviratne et al. 2021). One driver
of global changes in extreme precipitation is that air's moisture-carrying capacity increases with every degree of warming
(Adam 2023).

13 An extreme wet shock is defined as SPEI that is at least two standard deviations above normal levels. This analysis uses grid-
cell-level SPEI data to capture the time variation of water shocks. This is often missing in grid-cell-level flood datasets (e.g.,
those produced by Rentschler et al. 2022). Many other studies have also utilized SPEI, specifically the +2 threshold, to identify
extreme wet conditions and to capture flood incidences, such as Ayugi et al. (2020), Azzarri and Signorelli (2020), Cooper et al.
(2019), Ojara et al. (2021), Polong et al. (2019), and Sarkar (2022).
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Policy
Recommendations

“The water problems of our
world need not be only a cause
of tension, or sources of
inequalities; they can also be a
catalyst for cooperation.”

Kofi Annan



98

CHAPTER KEY MESSAGES

AND FINDINGS

+ Enhancing resilience to extreme hydro-climatic risks for the poorest requires
o Setting up robust and inclusive early warning systems

o Establishing insurance programs for weather risks and mitigating exposure to hydro-
climatic risks through regulations and financial support

o Scaling up social protection schemes to assist vulnerable communities affected by
floods and droughts

+ Improving water resources development, management, and allocation requires

o Scaling up nature-based solutions through innovative financing schemes and evidence-
based approaches

o Enabling coordination and cooperation for water allocation through information sharing
and financial incentives

o Adopting water accounting to inform water allocation decisions

+ Improving equitable and inclusive service delivery requires
o Scaling up financing through institutional and tariff reforms
o Establishing participatory water governance to ensure transparency and accountability
o Creating an enabling regulatory and policy environment to promote innovation

o Improving coordination across institutions responsible for water, health, education, and
urban planning

The evidence presented in this report underscores the critical role of equitable an