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EXECUTIVE SUMMARY
What forces determine the movement of people, the transformation of
economies, the wealth of nations? These age-old questions are the subject
of a multitude of World Bank reports, academic papers, and enduring
tomes because they are foundational to economic progress and the human
condition. As the world’s population careens toward 11 billion by the end
of the century, the combination of demographic change, rising standards of
living, and climate change will place increasing pressures on existing water
resources. At the same time, the public health and economic fallout from
the COVID-19 (coronavirus) pandemic is leading to large job losses and
significant reduction of livelihoods, with dire consequences for those living
in or near poverty. Against this backdrop, answering these questions will
be imperative in the global fight to end poverty and achieve equitable and
sustainable growth.
The increasing importance of mobility to local, regional, and global
economies and to everyday life is reflected in data showing the relentless
increase in the movement of people. Estimates suggest that there are
currently over 1 billion migrants in the world, of which approximately three
quarters are domestic migrants. These numbers are truly unprecedented,
and yet as the world continues to become ever more interconnected and
globalized, they will continue to climb and are likely even to accelerate.
Migrants decide to move for many reasons. Some migrate for a chance to
earn more and send back money to their family, or for a new employment or
career opportunity; others migrate to avoid conflict, violence, or destruction
from natural disasters. At the same time, many other would-be migrants
may not move due to a variety of barriers that hold back migration; financial
barriers, legal restrictions, and safety concerns may prevent many people
from exploring new opportunities or attempting to escape a bad situation.
Exploring the relationship between water, migration, and
development becomes all the more salient as climate change increasingly
adds stresses to the water cycle. Increasing variability and uncertainty
of rainfall can weigh heavily on communities and economies. Rainfall
shocks, where precipitation is well below or above normal levels, are already
becoming more frequent, and coping with them may present one of the most
difficult challenges confronting humanity. These shocks lead to significant
climate uncertainty that make investment decisions to promote adaptation
difficult. For instance, by the end of the century, the likely change in rainfall
in Africa could span anywhere from −4.3 percent to 65.4 percent depending
on the chosen set of climate models, mitigation targets, and socioeconomic
scenarios. The former outcome would call for investments for a drier future
and the latter, a much wetter outcome. And indeed, in many areas extremes
on both ends of the spectrum will become more frequent. This situation
suggests the importance of no-regret policies that can buffer against rainfall
extremes on the low end, the high end, and both simultaneously.
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Climate variability exacerbated by climate change is expected to
amplify and significantly affect existing patterns of migration. A recent
World Bank report (Clement et al. 2021) estimates that slow-onset climate
impacts due to climate change could lead up to 216 million people to
become internal migrants. In regions such as Sub-Saharan Africa, this would
imply additional migration representing more than 4 percent of the total
population. With the vast majority of these migrants expected to end up in
urban areas, cities must prepare to house and integrate them. Nevertheless,
as shown in another World Bank report (Lall et al. 2021), most cities in
developing countries are not prepared for efficient and sustainable expansion.
Urban plans and planning institutions are often ineffective at coordinating
development; urban land markets tend to be dysfunctional; and zoning and
restrictive building regulations limit the size of structures, economic density,
and ultimately urban efficiency.
The impacts of climate change are not some looming threat on
the distant horizon—they are happening here and now. This report
therefore looks back into the recent past to examine the role that droughts,
floods, infrastructure, and other water-related factors have played in
determining the movements of people. The analysis relies on empirical
methods and big data to examine these relationships. Stepping back and
letting the data speak for themselves allows for an evidence-based view of
often sensitive and emotive issues. Understanding the triggers of migration
and the resulting impacts on well-being and development is critical to
finding the appropriate policy response. This report demonstrates that
this understanding is especially important in the context of water and
migration because there are differences in triggers and important nuances
in the impacts of a given adverse “water event” that call for equally different
policy responses.

Focus of the Report
Migration shapes the lives of those who move and transforms the
geographies and economies of their points of departure and destinations
alike. Although every migrant has a unique story, the decision to migrate
can often be boiled down to two salient questions: Will I be better off in
the long run if I choose to migrate? and, Do I have the means to migrate?
Many factors will go into determining the answer to those questions. Some
of these will be unique to the migrants themselves: their personal situation,
their characteristics and those of their families, or the perceived risks and
opportunities from staying or leaving. Yet others will be determined at a
higher level: what the economic and safety situation is inside the village,
province, or country where they live; how laws and institutions restrict or
promote relocation; or how a changing natural resource base or climate
affects lives and livelihoods.
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These factors will also play a critical role in the type of migration a
migrant undertakes. A dry season or other short-term event that reduces
agricultural wages is more likely to lead to seasonal or short-term migration,
whereas a catastrophic event, such as a deep or prolonged drought,
devastating flood, or conflict, will be more likely to lead to increased numbers
of permanent relocations. Similarly, the distribution of opportunities,
international laws, and individual migrant characteristics will be factors that
determine whether migrants relocate domestically or internationally.
Even though across the world three out of four migrants move
within their countries’ national borders, this form of migration tends to
be underrecognized in global policy discussions. For this reason, Ebb and
Flow: Volume 1. Water, Migration, and Development mainly considers domestic
migrants. Ebb and Flow: Volume 2. Water in the Shadow of Conflict in the
Middle East and North Africa (Borgomeo et al. 2021), however, focuses on a
region that is particularly beset with water and forced displacement challenges.
Given the larger number—both in relative and absolute terms—of forcibly
displaced people in the region, and the unique concerns related to conflict,
Ebb and Flow: Volume 2, has a broader focus than this volume does.
The water sector, and the availability of water itself, is implicit or
explicit in many of these migration factors. While water is by no means
the only or even the main driver of migration, it has the ability to amplify
the existing movements of people and add urgency to the challenges faced
by these migrants. Being a basic requirement for survival, a critical input
into all forms of production, a force for destruction in areas lacking resilient
infrastructure, and a resource that can lead to conflict or cooperation
between and within countries, water has the power to shape migration and
development patterns. Acting through these pathways, water availability,
extreme events, infrastructure, and policies can have long-lasting impacts
on growth and development. While much has been written and studied on
these topics at the regional or local level, this report uses a global lens and
attempts to shed light on three critical questions (figure ES.1):

FIGURE ES.1: This Report Takes a Global Perspective to Answer Three Questions
Sending region
1

Receiving region
2

WHY MIGRATE?
Why and in what context
do water shocks
influence migration and
development?

WHO MIGRATES?

Who migrates because of
water shocks and
what does this mean
for productivity and
livelihoods?

Source: World Bank.
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WHERE AND
WHAT IMPACTS?

What are the impacts of
migration, where do they
occur, and what are the
broader implications for
development?
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1. Why and in what context do water shocks influence migration and
development? This report, for the first time, attempts to take a global view
of the link between water, migration, and development. It finds that there
are important nuances to the idea of a “water migrant” that have critical
implications for designing policies to make communities more resilient.
2. Who migrates because of water shocks and what does this mean
for productivity and livelihoods? To examine these factors, the report
zooms in on the characteristics of migrants, including those who may
migrate involuntarily.
3. What are the impacts of migration, where do the impacts occur, and
what are the broader implications for development? Cities, which are
often the destination of migrants, are believed to be more resilient to
water shocks than rural locations. This report provides evidence against
this conjecture, finding that water shocks can have significant impacts in
urban areas.
To explore these questions, several novel national and global-level data
sets have been combined for the first time. Such data include global
precipitation data covering the extent of the 20th and 21st centuries,
which allow the researchers to flexibly and locally determine when an
area is experiencing a water deficit or excess; data sets that link cities to
their water sources to identify when urban water supplies are likely to run
lower; new spatially disaggregated data on local migration rates; household
surveys and government censuses; and data on nighttime lights to track
economic activity. By merging these data sets and employing multiple
statistical techniques that rely on machine learning and causal inference,
new insights are gained that may not have been apparent or may even run
counter to intuition and expectations. In this way, the report examines
impacts in rural areas, the primary focus of chapter 2; urban areas, the
primary focus of chapter 4; and migrants in both types of regions, the focus
of chapter 3.
Given the myriad ways the water sector can influence migration
and development, there is a need to reduce the dimensionality of
the question and focus on a few areas of critical importance. Water
stress can occur for many different geoclimatic and anthropogenic
reasons: weather anomalies such as those that accompany climate
change; the presence of weak institutions around irrigation and water
markets; and sudden population growth such as those brought about
by forced displacement; among many others. To ensure that the scope
of this report is limited to evidence-based discussions, arguments and
recommendations are informed by statistical analyses that exploit
unanticipated changes in the weather and isolate the impact of water
availability.
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This report focuses on changes in water availability that are induced
by “rainfall shocks,” a term used here to mean that rainfall is significantly
above or below the long-run average for that region. Rainfall shocks can
be of both the wet kind, in which a region sees significantly above-average
rainfall, and the dry kind, in which a region sees significant rainfall deficits.
Dry rainfall shocks can translate into water deficits when they lead to a
reduction in available water supplies in lakes and reservoirs (as discussed
more in chapter 4). Although significant attention is often paid to responses
to catastrophic events, less attention is given to slower-moving cumulative
effects of climate change, such as repeated dry or wet shocks. Because
migration and development entail long-term consequences, the analyses in
the report examine the effects of consecutive shocks and not just immediate
impacts.

Taking a Global, Long-Run Perspective
Before turning to the why, who, and where of water and migration, a
more fundamental question must be asked: How much of a role does
water play in global migration? Although there is a growing body of
research investigating the migration–environment relationship in a variety
of settings, most studies cover select geographic areas or countries. While
there is growing evidence that weather conditions are linked to migration
rates in many regions, no study to date has compared the impact of rainfall
shocks with other well-known determinants of migration to see just how
important these shocks are in the grand scheme.
To shed light on the link between water shocks and migration,
this report employed the largest data set on migration ever assembled.
This includes data from over 442 million individuals from 189 different
population censuses in 64 countries between 1960 and 2015. With such
large amounts of data, standard econometric analysis becomes infeasible
and new techniques for data analysis must be employed. Hence, a machine
learning model—random forests—was employed. The analysis tests how
strongly rainfall deficits, as measured by periods of low rainfall relative
to long-run averages, are related to migration decisions, relative to other
variables that are well established to be crucial for determining whether
a person migrates: a person’s age, gender, educational level, household
size, and marital status. Although the results in this particular analysis do
not represent causal relationships, they are useful for establishing if any
relationship at all exists between water and migration, before the report digs
deeper into causal analysis.
The results show that rainfall deficits are significant predictors of
population movements within countries around the world. Figure ES.2
shows the results from the machine learning analysis. Each dot in the figure
shows the importance of each characteristic for explaining migration in a
given country relative to education, which is used as a benchmark because it
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is a critical determinant of migration. Not surprisingly, age and household
size are more important than education and have the largest explanatory
power for regional out-migration on average. Other characteristics, such as
gender or marital status, are, on average, as relevant as education. Critically,
the results also show that periods of low rainfall can wield a considerable
influence on migration outcomes in addition to the traditional drivers
of migration. Even though the occurrence of these dry rainfall shocks is
slightly less important than education, the box plot in figure ES.2 shows
that, in contrast to individual characteristics, the range of importance varies
considerably, and in some countries dry rainfall shocks can be as important
as gender, marital status, or even education.

FIGURE ES.2: The Importance of Various Characteristics in Explaining Migration
Random forest model explaining migration in 64 countries
Relative explanatory power of various characteristics (education = 100)
400
300

Explanatory power

200
100

40
30

20
10
0

Rainfall shock

Marital status

Gender

Education

Household size

Age

Source: World Bank figure based on data from 189 different censuses and weather data from Matsuura and
Willmott 2018.
Note: The figure summarizes the results of 189 estimates derived using random forest techniques to explain the
importance of various characteristics in explaining migration behavior. Each dot represents the results from a
different country/year. The y-axis shows how critical each variable along the x-axis is for explaining migration in
that country/year. Values are normalized with respect to education, such that the mean value of education takes a
value of 100, and all other countries are shown relative to education’s explanatory power, with values over (under)
100 implying that the value is more (less) important for explaining migration patterns.
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Stay or Go: Why and in What Context Do Water Shocks
Induce Migration?
Media reports and attention-grabbing articles are often awash with
headlines warning of massive waves of “water refugees.” While increasing
water scarcity and climate change will undoubtedly lead to an increasing
number of national and international migrants, there are important nuances
to this story. Understanding these is critical to developing strategies to help
households cope with water shocks, thus easing the migration transition or
preventing the need entirely. To examine these nuances, the report draws
on research that employs a granular data set of net migration rates covering
more than 150 countries over a 30-year time period.
The results demonstrate that while water shocks are a significant
driver of migration, there are surprising and critically important
intervening factors in this relationship. Using statistical methods that
allow for causal inference leads to the finding that water deficits result in five
times as much migration as do water deluges, despite the fact that floods are
much more likely to gain national or international attention. Overall, rainfall
deficits explain approximately 10 percent of the increase in migration that
has occurred around the world between 1970 and 2000.
The migration response to rainfall deficits varies significantly
depending on country income, with the poorest 80 percent less likely
to migrate in the face of these shocks. This is because migration is often
a costly endeavor, with significant transaction costs needed to sell or
transport assets, find a new place to live, and seek out a new means of
supporting oneself and one’s family. For the most vulnerable members of
society, the migration option may therefore not be available. These trapped
populations can find themselves facing a triple whammy: water deficits,
reduced economic opportunities in their region, and no means to move to
places with more opportunities. While they are often hidden from media
headlines, they represent a policy concern just as serious as migration.
As shown in figure ES.3, poorer households might need to experience
beneficial wet episodes that allow them to raise the necessary funds to
migrate.

Water, Migration, and Human Capital Spillovers:
Who Are the Typical Migrants and What Human Capital
Do They Carry with Them?
The movement of human capital is a key channel through which
migration influences regional development. Migration within an economy
allows for the sorting of workers within large cities and industrial regions to
contribute to the sectors in which they have a comparative advantage. It also
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Impact of rainfall shocks on out−migration rates
(in percentage points)

FIGURE ES.3: Impact of Rainfall Shocks on Out-Migration Rates, by Income
0.8

0.4

0

−0.4

−0.8
(0−50th]

(50th–75th]

(75th–100th]

Dry shock

(0−50th]

(50th–75th]

(75th–100th]

Wet shock

Source: World Bank figure based on analysis using global estimated net migration data by de Sherbinin et al.
2015, population data from Yamagata and Murakami 2015, and weather data from Matsuura and Willmott 2018.
Note: Figure ES.3 shows point estimates of an additional dry or wet rainfall shock on the out-migration rate by
the bottom and top two quartiles of the income per capita distribution with 95 percent confidence intervals. The
vertical axis shows the impact on out-migration rates in percentage points.

acts as an insurance option available to poorer households for coping with
a lack of on-farm economic opportunities. The different motivations and
constraints that drive migration produce different types of migrants. The
United States’ experience of the Dust Bowl in the 1930s, for instance, led to
the movement of the archetypal climate migrant: the poor displaced farmer
responding to adverse climate conditions. Unexpected income losses for
farmers due to drought conditions can force the migration of lower-skilled
individuals who would not have moved otherwise.
This report analyzes regional data on migrants and their schooling
in conjunction with climate data and shows that drier conditions
are causally linked to more low-skilled migration than would occur
otherwise. Workers who move from rural to urban areas in developing
countries because of drier climate conditions are less likely to have high
education levels (figure ES.4). These workers are typically less productive
and can face upto a 3.4 percent wage gap in their host regions as compared to
the typical migrant. Wetter conditions are not found to have any consistent
effect.
In rapidly urbanizing middle-income countries, droughts are found
to increase the flow of lower-skilled workers from rural to urban areas.
In more arid regions, this effect of rainfall shortages on the type of migrant
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FIGURE ES.4: Rainfall and Migrants’ Education
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Source: World Bank figure based on analysis of demographic and economic data of 403 subnational regions
covering 21 developing countries from Gennaioli et al. 2013 and climate data from Matsuura and Willmott 2018.
Note: The figure shows that (internal) migrants originating from regions with higher average rainfall levels have
higher years of schooling relative to natives in the place of origin. The size of the bubble is proportional to the
population of the subnational region.

is mitigated, likely because agriculture and irrigation have adapted over
time to these shortages. The presence of local employment opportunities
for unemployed farm workers in rural areas is also found to be critical for
mitigating low-skilled migration as a reaction to drier conditions. In sum,
differences in economic structure, climate characteristics, and regional
specificities caution against sweeping conclusions.

The Cost of Day Zero Events: What Are the Development
Implications for Shocks in the City?
While much of what is written on the water–migration–development
nexus focuses on how water shocks push people from rural areas into
cities, very little is written on what happens when cities experience these
shocks. Unprecedented urbanization rates, driven partially by the factors
previously discussed, are causing some cities to expand faster than water and
other critical services can sustain. These growing populations, coupled with
a surge in per capita demand for water in cities, are expected to translate
to an 80 percent increase in demand for water in urban areas by 2050.
And climate change is altering the global hydrologic cycle, increasing the
number of extreme episodes and making water supplies less predictable.
Recent headlines from Chennai, Tamil Nadu, India; São Paulo, Brazil; and
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Cape Town, South Africa show some of the world’s megacities are beginning
to face day zero events whereby water supplies become threateningly low.
Although these events have grabbed international attention, they are by no
means unique, with scores of small cities throughout both the developed
and developing world facing similar water shortages.
New research conducted for this report on the impact of day zero
events finds that they are far more widespread than previously believed
and that they have significant economic costs, slowing down urban
growth. Water shortages, and the resulting restrictions that are put in place
to avoid day zero events, can be costly to people and to businesses. In Cape
Town, ill-equipped households were forced to ration water to 50 liters per
day. In São Paulo, water pressure in the city’s piped network was reduced,
restricting water flow to businesses and households alike. Undoubtedly these
types of restrictions translate into economic impacts, though the magnitude
of these impacts has, until now, remained unexplored.
This report finds that such water shortages can significantly slow
urban growth, compounding the vulnerability of migrants. Depending
on the size of the water shock, city growth can slow by up to 12 percent
during drought years, enough to reverse critical development progress
(figure ES.5). Thus, migrants who travel to cities to avoid the impacts of

FIGURE ES.5: Impact of Rainfall Shocks on City Growth Rates at
Urban Water Points
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Source: World Bank figure based on analysis using weather data from Matsuura and Willmott 2018; Nighttime
Lights Time Series Version 4, from NOAA National Centers for Environmental Information, Earth Observation
Group; and data on urban water sources from The Nature Conservancy and McDonald 2016.
Note: Figure shows point estimates of the impact of increasingly large water shocks on urban economic activity
with 95 percent confidence intervals.
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rainfall variability may find themselves in cities that offer fewer economic
opportunities and critical services than expected. Evidence from the report
finds that cities in more arid areas may be better equipped to handle these
water shortages and do not face as much of an impact on growth as areas in
more humid regions. Similar heterogeneities also exist between small and
large cities, with larger cities being more resilient against water shocks.

Going with the Flow: The Policy Challenge
The results presented in this report demonstrate that the popular image
of droughts or floods driving waves of destitute migrants is a misleading
caricature. While water shocks certainly amplify existing movements
and migrations, the idea of a “water migrant” as a singular concept is an
unhelpful and overly broad generalization. Indeed, the report finds that it
is the poorest individuals who often lack the means to migrate, even when
doing so might improve their livelihoods and prospects. They remain stuck
in areas blighted by drought with few opportunities for advancement. Those
people who are able to migrate often arrive in cities that are ill prepared
to receive them, supply them with basic services, or take advantage of
their skills. And many of these cities, far from being bastions of resilience
themselves, are increasingly suffering from water shortages and economic
slowdowns.
There is no single silver bullet solution to addressing climate-induced
migration, and an arsenal of overlapping and complementary policies
will be needed to improve livelihoods and turn crises into opportunities
for growth. The way in which governments respond will either implicitly
or explicitly influence decisions to migrate, thereby changing the destinies
of people and the development trajectories of regions. Policies that focus
on eliminating risks at the source may tacitly discourage migration by
promoting rural livelihoods and thus slowing urban demographic growth.
On the other hand, policies that promote the integration of migrants at
their destinations would make migration more attractive, thus accelerating
movement and promoting growth in cities. The appropriate policy response
will likely vary over time and across locations.
In situ policies that aim at reducing risks at the source can be
classified into three broad categories: physical infrastructure, natural
capital, and safety nets.
• Water storage and supplemental irrigation can be effective at
buffering vulnerable rural communities against water variability and
scarcity and lessening the impact of rainfall deficits on migration,
but there are caveats. Providing irrigation water supplies at little or
no charge sends a signal that water is abundant, even when it is scarce.
This often results in water-intensive cropping systems that deplete water
resources faster than they can be replenished. The result is often a less
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resilient agricultural system and higher vulnerability than existed before
the provision of irrigation services. Thus, while these investments are
necessary, they must be combined with regulations and policies that
promote more judicious use.
• In addition, investments in physical infrastructure can generate
perverse incentives and “moral hazard” problems, whereby the
presence of infrastructure incentivizes people to remain in, or even
move to, regions that are hydrologically and ecologically unable to
support growing populations in the long run. In regions such as these,
where sluggish migration traps people in nonviable places, the focus should
be on removing barriers to mobility rather than on place-based policies.
Poor countries face a host of market frictions that can deter mobility. In
addition to restricted budgets that make it costly to migrate in response to
droughts, implicit barriers from residency-based access to public services
and safety nets as well as informational asymmetry and distortions in land
and housing markets can also deter mobility. Investing in mobility can
be an investment in the future by reducing vulnerabilities and increasing
incentives for autonomous risk reduction, which discourages building in
areas that are clearly exposed to high climate risks.
• New evidence presented in this report suggests another reason to be
cautious when deciding where to invest in irrigation systems. Largescale irrigation investments in resource-scarce settings are often at risk
of becoming magnets for conflict. For instance, after the disruptions
caused during the Arab Spring, irrigated regions of North Africa and the
G5 Sahel (Burkina Faso, Chad, Mali, Mauritania, and Niger) countries
experienced higher incidences of conflict in irrigated areas. This finding
suggests that decisions that alter access to shared resources may need
to be accompanied by complementary investments in governance,
institutions, and effective social protection systems for the poorest and
most vulnerable populations.
• Improved hydrometeorological forecasting is another important
means of mitigating the consequences of weather fluctuations for
populations at the source. Accurate and timely climate, weather, and
water resources information is an example of a technology‐intensive
public good that has minimal delivery costs and can substantially reduce
the principal source of income risk for the poor. The returns to
enhancing individual risk reduction by improving the accuracy of annual
and interannual weather forecasts are potentially high, given the small
costs of delivery.
• Climate smart agriculture (CSA) and farmer-led irrigation can
also buffer rural livelihoods from climate change and increasing
rainfall variability while minimizing the environmental footprint.
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Through a combination of smart policies, financing, and technologies,
CSA can achieve a triple win by increasing productivity, enhancing
resilience, and reducing greenhouse gas emissions. And farmer-led
irrigation can ensure that small- and large-holder farmers alike can
reap the benefits of irrigation investments, building resilience against
climate and economic shocks in a more inclusive and sustainable way.
• Either in conjunction with, or in lieu of, physical infrastructure, green
infrastructure is usually more cost-effective at providing protection
against droughts and floods. Watersheds and their associated forests
store, filter, and gradually distribute both surface water and groundwater,
and as a result enhance the resilience and quality of water supplies.
Forests are also a vital source of drought-proof income for the rural poor,
who often obtain a greater share of their incomes from forest resources
than from agriculture. Forests can therefore act as a “green safety net” in
times of drought.
• This report finds evidence that in areas where forest cover is high,
out-migration in response to droughts is low or negligible. Naturebased solutions can also be significantly more cost-effective than built
infrastructure. On average it would cost about US$0.8 trillion to US$3
trillion in irrigation infrastructure to compensate for the buffering
effects of lost natural capital due to a 10 percentage point decrease in the
share of forested land. Investing in complementary solutions to buffer
incomes—for example, protecting watersheds and forests, together with
a canal or dam for irrigation—produces greater benefits than investing in
any single one of these solutions.
• Safety net programs, such as cash and in-kind transfers, are critical as
a last backstop to prevent severe deprivation when water shocks hit.
Even moderate deprivation at sensitive times in a person’s development
can lead to lifelong challenges such as stunting, chronic health problems,
and loss of educational opportunities. In some cases, these impacts can
be transmitted through generations, perpetuating the cycle of poverty.
While the provision of irrigation infrastructure and natural capital
solutions may provide buffers that reduce the impacts of drought,
inevitably some residual risks will remain.
Ex situ policy options that aim to improve the situation at
destinations—which are often urban areas—must be considered in
tandem with in situ policy options at the source. These include providing
better integration of rural migrants into urban settings and making cities
more resilient to water shocks.
• The net economic effect of migrants at the destination will depend
on how well they are socially and economically integrated into their
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new homes. While this report does find evidence that drought migrants
tend to be less educated than the average migrant who moves to a host
city, a conclusion that these migrants are drains on urban economies
would be unfounded. Migrants also bring beneficial economic effects,
such as stimulating demand for housing and other nontradable goods
and services within a city and bringing complementary skills that could
yield net economic benefits, as is seen in migrant enclaves of many cities
around the world. The overall economic effect is a priori ambiguous and
will be determined by local conditions and the capacity of the destination
to absorb a larger labor force of lower-skilled workers.
• The precise policy mix will vary across countries, but there are
several fundamental ingredients for migrant integration that should
be followed across most contexts. Poor migrants who live in informal
settlements often endure high levels of violence and insecurity and lack
basic services such as water supply and sanitation, schools, and health
care, and they reside in unsafe housing. Efforts made to improve these
services will pay large dividends, both to the migrants themselves and
to the broader city. In the COVID-19 context, particular attention is
warranted to health and water supply and sanitation systems, which are
critical in slowing the spread of diseases. Active labor market policies
that build skills through various support and training modalities (such
as “schools beyond walls”) and integrate migrants into labor markets are
also important for ensuring migrants can take advantage of the economic
opportunities that cities have to offer. “No regrets” solutions, such as
investments in workers’ education and training, will be critical to ensure
that workers can be productive wherever they may choose to locate.
• As the challenge to absorb the growing demands of urban populations
and shocks to water supplies increase, city planners will increasingly
need to build resilient cities. As highlighted previously, cities are
growing at breakneck speed and critical public services, such as water
management and water supply provision, often struggle to keep up. And
as the 21st century progresses, the more climate change is expected to
exacerbate these underlying vulnerabilities.
• There is no simple solution to addressing water shortages in cities,
but smart policies can reduce their propensity for damage and their
impacts. Increasing water supply through desalination or other supplyaugmenting technologies may seem like a quick fix, though history shows
that these endeavors can be risky and inefficient. This was learned by the
city of Sydney, which, after facing a severe and extended water shortage,
invested in a large and costly desalination plant only to find that by the
time the plant was operational the drought had ended and the plant was
no longer needed.
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• Demand-side management might offer a way forward that is less
costly and less risky. Dynamically efficient volumetric water pricing, for
instance, can adjust the price of water to better match the scarcity that
cities are facing. By allowing utilities to carefully adjust the price of water
on the basis of its scarcity, utilities can avoid the need to invest in wateraugmenting technologies and thus save money, reduce water footprints,
and keep water costs lower in the long run. Other technologies, such as
smart water meters and water-saving and reusing appliances, offer ways
to help households reduce their water footprint with little sacrifice.
• Water reallocation may offer another solution for ever-thirstier
cities. Flexible approaches that allow for emergency transfers of water
when needed can insure cities against extreme droughts. Drought option
contracts could give the city the right to buy a set quantity of water at
agreed prices in the event of a drought. Since the option would only be
exercised under agreed weather conditions, this would also preserve the
water for agriculture during normal situations.
• Better urban planning is also sorely needed. Cities, and the impervious
concrete foundations on which they lie, block drainage patterns and cause
water to run though the city—causing floods—and then away from the
city, creating a missed opportunity. Instead, cities should be redesigned to
resemble sponges to soak up that water, store it below ground for future
use, and prevent it from damaging the above-ground structures. Doing
so involves using permeable material in paving, building storage ponds,
preserving key wetlands, and building more green spaces, including
rooftop gardens. Actions like these will improve urban water security and
ensure that the bright lights of cities remain attractive to future migrants
and current residents alike.
Much uncertainty exists around the future, and for policy makers
and migrants alike, it will be difficult to predict the eventual outcome
of the decision to migrate. Nevertheless, in the words of Nobel Prize
winner Amartya Sen (1999), “Development consists of the removal of
various types of unfreedoms that leave people with little choice and little
opportunity of exercising their reasoned agency. The removal of substantial
unfreedoms…is constitutive of development.” By removing restrictions
on internal migration, even if not directly incentivizing it, governments
help individuals gain agency to determine the outcome that is best for
themselves. At a minimum, lifting political restrictions within countries
and easing the integration of migrants into communities can reduce the
number of people unnecessarily trapped in regions that are becoming less
and less life sustaining.
With limited resources, governments need to choose policies
that are most effective in dealing with the adverse consequences of
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rainfall-induced migration, especially in the fiscally constrained postCOVID-19 context. This report suggests the need for synchronized and
complementary policies, recognizing that no single policy can adequately
address the many impacts of a rainfall shock. For instance, infrastructure,
while essential, will not be fully effective in eliminating all risks to incomes
and well-being. Addressing these residual risks to incomes might call for
safety nets, especially for the most vulnerable. And while a safety net may
provide minimum resources necessary for survival, it would not provide the
protection to assets and businesses that may be required to spur investment
in the affected areas. In such circumstances, infrastructure and safety nets
combined would be more effective in drought-proofing communities.
Ultimately, policies that focus on reducing the impacts of water shocks must
be complemented by strategies that broaden opportunities and build the
long-term resilience of communities.
On the following pages, figures ES.6 and ES.7 summarize the main
results and policy recommendations of Ebb and Flow: Volume 1.
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FIGURE ES.6: Water Shapes Migration and Development
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FIGURE ES.7: Policies and Investments to Sustain Prosperity
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CHAPTER ONE

TRANSITIONS AND
TRANSFORMATIONS
“An ideal society should be mobile, should be full of
channels for conveying a change taking place in
one part to other parts.”
– Bhimrao Ramji Ambedkar, chief drafter of India’s
Constitution

INTRODUCTION
Understanding the fundamental role of movement in the process of
economic development has long intrigued scholars, philosophers, and policy
makers. Six centuries ago, and some 400 years before Adam Smith wrote the
classic treatise An Inquiry into the Nature and Causes of the Wealth of Nations,
the Arab scholar Ibn Khaldun proposed a theory of cyclical development
whereby the parallel movements of population, urbanization, and public
finance determined the rise and fall of civilizations (Weiss 1995).
He was clearly onto something. Without the movement of goods,
people, and ideas, economies can wane and stagnate. Movement can fuel
growth and propel the dispersion and agglomeration of interlinked activities.
It can even out standards of living across regions and help absorb economic
shocks. Not surprisingly, all development experiences and growth episodes
in history have involved a reallocation of factors of production, such as
labor and capital, across space and sectors within countries (World Bank
2018). It is for this reason that the simple observation that rich countries
are industrial and poor countries are agricultural has prompted many
development thinkers since Ibn Khaldun to conclude that countries develop
when they shift factors of production, especially labor, from an unproductive
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“traditional” sector—such as subsistence farming—to “modern” sectors such
as manufacturing and services. The internal migration of workers to urban
areas, in particular, is a recurring theme in modern theories of development.
Even today, a great majority of people migrate internally, with almost three
times as many people migrating within countries than internationally
(McAuliffe and Ruhs 2017). Resources such as water often play a critical
role in the decision to move (box 1.1).
From the earliest days, rains, rivers, coasts, and seas have shaped the
spatial distribution of economic activity (Amrith 2018) (box 1.2). Tales
from classical antiquity to the Abrahamic religions to ancient Mesopotamia
speak of how water has reshaped societies. More fundamentally, water
has the potential to influence the process of economic transformation by
impacting movement and migration. The availability of water can have a
large effect on where people choose to live and work and the skills they carry.
In turn, the regions where people settle require access to adequate water
resources—accompanied by commensurate infrastructure investments— to
sustain growth and allow populations to survive and thrive. Ebb and Flow:
Volume 1 presents new evidence on some of these foundational development
issues to examine the nexus where water, migration decisions, and economic
development converge.

FOCUS OF THE REPORT
The focus of this report is not meant to be exhaustive in relation to the water
and migration nexus. The issues related to the impacts of water on mobility
are wide ranging, with endless ramifications and enormous knowledge gaps.
Addressing all of these challenges is beyond the scope of the report. Instead,
the primary, though not exclusive, focus of the report is to examine the role
of fluctuations in water availability, or “water shocks,” in influencing three
critical questions (figure 1.1):
1. W
 hy and in what context do water shocks influence migration and
development? This report, for the first time, attempts to take a global
view of the link between water, migration, and development. It finds that
there are important nuances to the idea of a “water migrant” that have
critical implications for designing policies to make communities more
resilient.
2. W
 ho migrates because of water shocks and what does this mean
for productivity and livelihoods? To examine these factors, the report
zooms in on the characteristics of internal migrants, including those who
may migrate involuntarily.
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BOX 1.1: Water and the Urbanizing Force of Development
The observed shift of populations “out of agriculture,” often noted as “structural
transformation,” was a central focus of influential early scholarship by many economic
historians and development thinkers (see Rosenstein-Rodan 1943; Lewis 1954; Rostow
1960; and Harris and Todaro 1970). These issues even captured the attention of
classical economists decades earlier, as exemplified by the famous Soviet debates
of the 1920s that centered around whether to “squeeze” farmer surpluses to hasten
industrialization (Preobrazhensky 1921). In aggregate, scholars agree that reallocation
of factors of production, which includes rural–urban mobility, remains an important
channel through which structural transformation occurs. Internal migration leads to
urbanization, which, in turn, induces economic growth (Lagakos 2020). In China, for
instance, the easing of mobility constraints and migration costs at the turn of the
twenty-first century allowed for increased internal migration. The resulting move of
workers out of rural areas and into cities is estimated to have increased aggregate
labor productivity by 5 percent and welfare by 11 percent (Tombe and Zhu 2019).
Can changes generated by water shocks eventually lead to a long-term structural
transformation of the economy and improve welfare? Or will they slow down the
process? The answer is not straightforward and depends on the complex interplay
between the social, economic, and natural environments. Water availability and
variability induced by climate, geography, policies, and infrastructure can constrain
or incentivize the movement of workers. Increased mobility can bring large economic
benefits, while constraints on internal migration can lead to a misallocation of (labor)
resources, exacerbate inequality, and generate large losses in total productivity within
and across countries (Hsieh and Klenow 2010; Restuccia and Rogerson 2017).
In the early stages of development, for instance, water availability can boost agricultural
productivity and generate the economic surpluses necessary to release or “pull”
labor into the nonagricultural sector (Gollin, Parente, and Rogerson 2002; Michaels,
Rauch, and Redding 2012; Emerick 2018). Because adverse water conditions make
agriculture less productive, they could also potentially “push” labor out of agriculture
and into other sectors, while also, in many instances, drive migration as a consequence
(Fishman, Jain, and Kishore 2017; Henderson, Storeygard, and Deichmann 2017;
Chen and Mueller 2018; Colmer 2018; Blakeslee, Fishman, and Srinivasan 2020).
Investigating the underlying migration mechanisms and their interactions with water
can shed light on some of these foundational development issues.
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3. What are the impacts of migration, where do they occur, and what are the
broader implications for development? Cities, which are often the destination
of migrants, are believed to be more resilient to water shocks than rural locations
are. This report provides evidence against this conjecture, finding that water
shocks can have significant impacts in urban areas.
In this way, the report sheds light on how fluctuations in the availability
of water determine mobility, the flow of human capital, and the process of
economic development itself. Although much has been written and studied
on these topics at the regional or local level, this report takes a step back and
provides a global view of the issues with new findings.
These questions are all the more salient as climate change worsens stresses
on the water cycle. The increasing variability and uncertainty of rainfall can
weigh heavily on communities and economies. Rainfall shocks—anomalies
whereby precipitation is well below or above normal levels—are already
becoming more frequent, and coping with them may present one of the most
difficult challenges confronting humanity. Indeed, a large body of recent
work at the development policy and humanitarian nexus has recognized and

BOX 1.2: Is Water a Locational Fundamental?
Access to a reliable water source has historically been a fundamental necessity to
sustain human settlements at any given location. Archaeological evidence suggests
that populations migrated where there was adequate water availability; as a result, the
geographic distribution of water remains one of the locational fundamentals that have
shaped the spatial distribution of economic activity over the course of history (Gupta
et al. 2006). Along some coasts, access to the rich bounty of the sea supported early
coastal settlements, particularly in the lush delta regions of major rivers. Over time,
these regions attracted more people, buoying economic growth and creating longlasting civilizations that persist even today (Dalgaard, Knudsen, and Selaya 2020).
People have always located where there is access to water. Map B1.2.1 confirms
this observation by plotting the locations of the largest cities and major rivers, with
the size of the dots representing city size classes. The clustering of cities observed
along major river basins reflects the integral role of water availability in determining
where populations choose to settle. For instance, note the concentration of cities
along the Ganges and Indus rivers, and in Sub-Saharan Africa. In contrast, note also
the absence of cities in arid regions such as the Sahara and western China. In the
same vein, the presence of water-yielding aquifers is also an important determinant of
where housing is built and populations settle (Burchfield et al. 2006).
box continues next page
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BOX 1.2: Is Water a Locational Fundamental? continued
MAP B1.2.1: Clustering of Cities along Major River Basins
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Source: World Bank figure based on data from Blankespoor, Khan and Selod 2019.
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FIGURE 1.1: The Report Takes a Global Perspective to Address Three Questions
Sending region
1

Receiving region
2

WHY MIGRATE?
Why and in what context
do water shocks
influence migration and
development?

WHO MIGRATES?

3

Who migrates because of
water shocks and
what does this mean
for productivity and
livelihoods?

WHERE AND
WHAT IMPACTS?

What are the impacts of
migration, where do they
occur, and what are the
broader implications for
development?

increasingly stressed the links between climate, water scarcity, and migration
(Jägerskog and Swain 2016; Wrathall et al. 2018). Estimates by the World
Bank suggest that in the absence of concrete action to reduce greenhouse
gas emissions, more than 140 million migrants could be forced to move by
2050 due to climate change in Sub-Saharan Africa, South Asia, and Latin
America alone (Rigaud et al. 2018).
Tragically, in the Middle East and North Africa, which is the most
water-scarce region in the world and is home to 7.2 million refugees
and 10.5 million internally displaced people, the interplay between
water and migration is being enacted in the shadow of conflict.
Ebb and Flow: Volume 2 (Borgomeo et al. 2021), therefore, focuses on the
complexities of the water–migration–conflict nexus in the Middle East
and North Africa to examine how high levels of water stress interact with
the movement of people, and the implications for resource-driven conflict.
The COVID-19 pandemic has brought these challenges into even sharper
relief through its impacts on the affordability and availability of water
(box 1.3).

CLIMATE CHANGE AND THE INCREASING
VARIABILITY OF RAINFALL
Water scarcity, stress, and climate change are typically portrayed through a
lens of averages and trends. But this is seldom an adequate representation
of water availability throughout much of the world, where deviations from
trends and long-run averages are widespread and are growing more frequent.
Adapting to rainfall variability is often much more challenging than
accommodating long-term trends because of the unpredictable duration of
a deviation, its uncertain magnitude, and its unknown frequency (Adams
et al. 2013; World Bank 2021).
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BOX 1.3: COVID-19 (Coronovirus) Fallout
The COVID-19 pandemic has caused a public health crisis unmatched in modern times.
Along with the health crisis, the economic fallout has also been immense. Economies
worldwide are expected to find themselves in moderate to deep recessions, with
global economic output expected to be 5 percent below prepandemic projections
(World Bank 2021). Large job losses and a significant impact on livelihoods are
predicted, with dire consequences for poverty reduction, particularly in developing
countries. Conservative estimates suggest that the resulting economic contraction will
push about 150 million people into poverty worldwide (World Bank 2021).
The money that migrants send to their home regions is of special concern. Remittances
have played an increasingly important role in alleviating poverty and sustaining growth.
They also allow households in the home region to hedge against temporary shocks
induced by weather variability or demand fluctuations. However, the COVID-19
crisis has spurred a dramatic reversal and resulted in an elimination of this insurance
mechanism, leaving source areas at even greater risk of poverty, food insecurity, and
income fluctuations. By the end of 2021, remittance flows to low- and middle-income
countries are projected to fall by about 14 percent compared with pre-COVID-19 record
levels of 2019 (Ratha et al. 2020). This loss is driven by both lower rates of migration due
to existing migrants being sent home and new migrants unable to depart, as well as
decreased remittances from those who remain away (Barker et al. 2020).
It is unclear how long the health effects of the pandemic will last; it will depend on
the availability of effective vaccines at a global scale never before deployed. The
spotlight at the end of this chapter, “Inequality, Social Cohesion, and the COVID-19
Public Health Crisis at the Nexus of Water and Migration”, draws attention to the
history of pandemics and highlights the importance of water-related investments in
combating the disease as well as important policy lessons regarding the interplay
between poverty, inequality, and social cohesion during such crises.
Impacts on the Forcibly Displaced in the Middle East and North Africa
In the Middle East and North Africa region, the pandemic has had profound
implications for the forcibly displaced. Syrian refugees are a case in point, with at
least 1.1 million in Lebanon, northern Jordan, and the Kurdistan region of Iraq driven
into poverty as a result of the pandemic and related restrictions (Joint Data Center on
Forced Displacement, World Bank Group, and UNHCR 2020).
Beyond the social and economic impacts, COVID-19 has also highlighted the
challenges stemming from preexisting inequalities, such as differences in access to
drinking water and water for hygiene, especially among excluded groups such as
box continues next page
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BOX 1.3: COVID-19 (Coronovirus) Fallout continued
migrant populations. Residents of informal settlements that are characterized by
crowding and shared water sources and sanitation facilities find themselves in hot
spots for contagion and vulnerability (Bhardwaj et al. 2020), while for the forcibly
displaced living in camps, access to the levels of water supply and sanitary items that
support good hand hygiene is a daily challenge. In the words of Aziza, a Syrian refugee
living in Amman who was interviewed as part of this study: “COVID-19 has greatly
affected my daily life. My family’s expenditure on detergents, soaps, and sanitizers
has doubled.” For others, COVID-19 has meant higher reliance and expenditure on
water from tankers. As the world attempts to combat COVID-19 and prepare for future
pandemics, Ebb and Flow: Volume 2. Water in the Shadow of Conflict in the Middle
East and North Africa (Borgomeo et al. 2021) highlights priorities for maximizing the
role of water, hygiene, and sanitation interventions in addressing pandemics in the
Middle East and North Africa region.

In this volume, the role of water is examined via rainfall shocks (see box
1.4). For analytical purposes, these shocks are measured and characterized
in terms of a statistical (that is, a “standard”) deviation of rainfall from its
long-term mean. Definitions of floods and droughts vary and often they are
context specific, so the deviations analyzed in this report may not always
be classified as either a drought or a flood. As an example, moderately wet
episodes can boost agricultural productivity and economic growth but an
unusually intense downpour may have catastrophic impacts. In addition,
the report examines the impact of consecutive shocks. While more attention
is paid to responses to catastrophic events, less attention is given to slowermoving effects of climate change such as repeated dry or wet shocks. Because
migration and development entail long-term consequences, accounting for
the temporal dimension of shocks is equally important.
Addressing the worsening problem of rainfall variability is not a distant
challenge for the future. Over the past three decades, 1.8 billion people,
or approximately 25 percent of humanity, have endured abnormal rainfall
episodes each year, whether it was a particularly wet year or an unusually dry
one (Damania et al. 2017). Unfortunately, variability has disproportionately
impacted developing nations, with upward of 85 percent of affected people
living in low- or middle-income countries (Damania et al. 2017). Many
of the world’s poorest countries, which have a disproportionately high
dependence on agricultural employment, rapidly expanding populations,
and elevated levels of water stress, endure strong variability of rainfall (Hall
et al. 2014). Some scholars suggest that since the middle of the 20th century,
anthropogenic climate forcing has doubled the joint probability of years that
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BOX 1.4: Exploring Water Scarcity through Water Shocks
Water scarcity arises when the supply of water available in a region is unable to meet
the local demand. People and places adapt over time to ensure that adequate water is
provided to meet expected local consumption requirements. Local infrastructure and
institutions coevolve with the concentration of economic activity and population in a
region by responding to the demand-supply gap and the inflow of workers and capital
into a region. This makes the issue of water scarcity difficult to quantify.
Water stress can occur for many different geoclimatic and anthropogenic reasons
including weather anomalies such as those that will accompany climate change;
the presence of weak institutions around irrigation and water markets; and sudden
population growth such as those brought about by forced displacement. To reduce
the dimensionality of the question, this report focuses on the effect of fluctuations in
rainfall away from its long-term local average.
This approach of using “water shocks” induced by rainfall allows for analytic techniques
that can isolate the impacts of water availability. Because they are unanticipated, these
shocks act as natural experiments that allow for the comparison of economic outcomes
in regions that experience them with regions that do not (or the same region but in
a different year), much like a clinical trial would compare a treated population with a
placebo group. By controlling for other critical characteristics that can influence the
relationship, one can then isolate the impact that these shocks have on migration and
development. Relying on such “water shocks” helps to provide a rigorous quantitative
analysis of the impacts as well as an evidence-based discussion of policy implications
for a range of related water-scarcity issues.

are both warm and dry in the same location, with the tropics and subtropics
facing more record-breaking dry events (Lehmann, Mempel, and Coumou
2018; Sarhadi et al. 2018).
These effects are likely to intensify in the future with increases in both
interannual and intraseasonal variability in some regions (World Bank,
forthcoming). Often referred to as misery in slow motion, droughts are likely to
become even more frequent and intense (Damania et al. 2017). Scientists warn
that two thirds of the Earth’s land is already on track to lose water, and by the late
twenty-first century the global land area and population facing extreme droughts
could more than double from 3 percent during 1976–2005 to 7–8 percent.
These estimates mean that nearly 700 million people, or 8 percent of the
projected future population, could be affected by extreme drought compared
with 200 million over recent decades (Pokhrel et al. 2021).
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LEARNING ABOUT WATER’S ROLE IN GLOBAL
MIGRATION FROM HALF A BILLION INDIVIDUAL
RECORDS
A vast body of research on the determinants and impacts of migration exists,
reflecting its significance and sensitivity. More recently, an equally vast body
of scholarship has investigated the migration–environment relationship
in a variety of settings (see reviews by Millock 2015; Wrathall et al. 2018;
Hoffman et al. 2020). These studies demonstrate considerable diversity
in findings and reveal the contextually specific nature of the migration–
environment relationship. But because most studies have been carried out in
a localized context, it is often difficult to generalize the findings beyond the
particular country or region analyzed.
To better understand water’s role, this section explores a new avenue
to test the predictive power of water indicators (along with other potential
factors) for migration outcomes: machine learning. Machine learning
algorithms are a powerful tool for detecting patterns that a human investigator
may not discover. Although most machine learning models are unable to
distinguish between mere correlations and causal relationships, they provide
an indication of the factors that predict migration in a particular region, and
the role that water plays in this decision (box 1.5).

BOX 1.5: Harnessing the Power of Machine Learning
Data. The assessment in this study is based on migration and sociodemographic
data derived from harmonized census microdata samples from the Integrated
Public Use Microdata Series, International database (Minnesota Population Center
2019). It provides the world’s largest archive of publicly available census samples,
with variables harmonized across countries and over time to facilitate comparative
research. Samples are typically close to 10 percent of the entire census conducted
by the national statistical agency in each country. The countries and years used in this
study are based on censuses collected between 1960 and 2015. Individual migrants
can be identified as people who have changed residence across a major administrative
unit during the year prior, or five years prior, to the census date. Thus, the analysis is
only examining the dynamics of domestic migrants.
Subnational rainfall shocks in the potential migrants’ “place of origin” (that is,
where they lived prior to migrating or not migrating) are also included in this set of
covariates as indicators of water stress. These subnational rainfall shocks are measured
by periods of low rainfall relative to long-run averages in each administrative unit.
box continues next page
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BOX 1.5: Harnessing the Power of Machine Learning continued
Depending on the migration interval defined in each census (place of residence 1 year,
5 years, or 10 years preceding the census), corresponding climatic conditions were
calculated based on the length of the migration period and an additional two years
prior, that is, 3 years, 7 years, or 12 years prior to the census, respectively.
Random forest models. The analysis compares the influence of rainfall shocks on
migration relative to other well-known determinants to see just how important water is for
predicting migration. The size of the data set (nearly half a billion records) renders standard
statistical methods intractable. Regression models have the advantage of quantifying
relationships between variables of interest in a custom and interpretable way, for example,
beta coefficients that allow statements about the magnitude (size of the coefficient) and
relevance (significance level) of the relationship. However, very large sample sizes impede
an application of regression models. Instead, the analysis relies on random forest models.
Classification techniques in machine learning techniques, such as random forests, do not
rely on variances and are applicable on larger samples. This nonparametric technique
allows one to identify patterns and salient variables in large-scale and complex datasets
without imposing any statistical assumptions. Furthermore, random forests come with a
data purity metric that allows one to compare the influence of different variables.
Because random forests are an ensemble method, they are made up of a large
number of small decision trees, which each produce their own predictions. The
individual decision trees apply a systematic truncation of a data sample with regard
to the distribution of an outcome variable (target feature). The target feature (which
is analogous to a regression’s dependent variable and indicates what the model is
attempting to predict) in this case is whether or not an individual migrated, while the
other demographic and water indicators serve as explaining features.
The variable importance of each feature is assessed by calculating the mean decrease
in Gini (MDG), which is a performance metric of the random forest model. The MDG
calculates by how much the performance of the model would deteriorate if a respective
feature was to be excluded from the model. With MDGs for all features at hand, the
relative MDG, called the “explanatory power” in figure 1.2, can be calculated for each
feature. This value assesses the importance of a given feature relative to the average
importance of the other features. In the figure, the value is calculated relative to the
MDG of the education feature (relative MDG = MDG of feature A / MDG of education
× 100). An explanatory power of more than 100 indicates that a given feature is more
relevant for explaining the target feature than education on average.
Future extensions of this study could explore alternative machine learning methods,
such as support vector machines, that are well suited for truncating high-dimensional
feature spaces that involve many features and could combine them with inferential
statistics like regression analysis.
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The assessment is based on data from 442 million individual records
in 1,392 regions across 64 countries and 189 censuses spanning the period
from 1960 to 2015. This is the largest data set on internal migrants ever
assembled. Migration data from these individual records are combined
with climate data on the occurrence of dry rainfall shocks—as measured
by periods of low rainfall relative to long-run averages—in the potential
migrants’ place of origin. This measure of water stress is then used to test the
influence of water on migration relative to standard well-known migration
indicators, such as age, gender, education, marital status, and the number of
people living in the household.
Age, gender, and education are considered the top three sources of
observable heterogeneity in population studies (Lutz 2014). Because
migration is not a random process, migrants are often selected on the basis
of these characteristics. Consistencies in the age patterns of migrants are
well documented in comparisons with gender and education dimensions.
Migration rates are generally higher in early adulthood and lower upon
exit from the labor market (Rogers and Castro 1981; Bernard, Bell, and
Charles-Edwards 2014; Bernard and Bell 2015). But there are scarce
empirical regularities in gendered patterns of migration. On the one hand,
if women are more vulnerable to water shocks than men, the stronger
impact of water shocks on their livelihoods could trigger migration as an
adaptation response. On the other hand, women may have lower ability
to use migration as an adaptation option, especially if they have lower
opportunities in the labor market compared to men (Chindarkar 2012;
Cattaneo et al. 2019; Afridi, Mahajan and Sangwan 2021). Similarly, there
is no conclusive evidence on whether migrants are drawn from a pool of less
or more educated individuals. Empirical studies show that educational-level
selectivity differs across countries and individuals (Gould 1982; Quinn and
Rubb 2005; Cattaneo 2007). Whether highly educated individuals are more
or less likely to migrate following climatic shocks also depends on their
adaptive capacity and the adaptation options available.
The absence of empirical regularity regarding how demographic factors
drive migration is partly due to the variation in geographic areas studied.
For internal migration, in particular, large-scale cross-national studies on
drivers of migration are limited. Machine learning applied to data from half
a billion individual records can offer a unique opportunity to explore the
predictive power of demographic characteristics and environmental factors
in explaining migration outcomes across time and space.
Results are presented as a “horse race” in figure 1.2. The analysis
compares the influence of rainfall shocks on migration relative to other
demographic determinants to examine how important water is for predicting
migration (see box 1.4). To ease interpretation, each dot in figure 1.2 shows
the importance of a respective characteristic for explaining migration in a
given country, relative to the importance that a demographic characteristic
such as education has, on average, across all countries (100 = dotted line).
A value of 200, for example, means that, in a given country, the characteristic
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FIGURE 1.2: The Importance of Water Shocks in Explaining Migration
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Source: World Bank figure based on data from 189 different censuses and weather data from Matsuura and
Willmott 2018.
Note: The graph above summarizes the results of 189 estimates derived using random forest techniques to
show the importance of various characteristics at explaining migration behavior. These estimates include data
from 442 million individuals in 64 countries between 1960 and 2015. Each dot represents the results from a
different country/year. The y-axis shows how critical each variable along the x-axis is for explaining migration in
that country/year. The candlestick chart shows the mean for all country estimates (central bar) and the 95 percent
confidence interval (outer square). Values are normalized with respect to education, such that the mean value of
education takes a value of 100, and all other countries are shown relative to education’s explanatory power, with
values over (under) 100 implying that the value is more (less) important for explaining migration patterns.

is twice as important or relevant as education when explaining migration.
A clear difference in explanatory power across characteristics is detected.
Not surprisingly, age and household size are, on average, more important
than education and have the largest explanatory power for regional outmigration. Other characteristics, such as gender or marital status, are,
on average, as relevant as education. This is of little surprise, as the five
individual characteristics are known to be relevant drivers of migration.
Notably, water shocks also can wield a considerably large influence
on migration outcomes in addition to the traditional drivers of migration.
Even though the occurrence of below-average rainfall is slightly less
important and is about 50 percent as important as education, the box plot
in figure 1.2 shows that, in contrast to individual characteristics, the range
of water’s importance varies considerably, and in some countries dry rainfall
shocks can be as important as gender, marital status, or even education.
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This analysis provides solid evidence on the importance of water in
influencing migration. The rest of the report focuses on using more specific
analytic and econometric techniques to interpret the relationship between
migration and water.

SOCIAL DIMENSIONS OF MIGRATION
In many cases, migration entails additional challenges and hardships for
marginalized communities and individuals. Although issues of social inclusion
at the intersection of water and migration are clearly important, significant
data gaps mean that it is difficult to provide a quantitative global assessment
of the issue. For this reason, this report does not explicitly address social
inclusion and marginalization. However, Ebb and Flow: Volume 2 (Borgomeo
et al. 2021) provides a perspective on this fundamental development issue
in the context of forced displacement in the Middle East and North Africa.
The spotlight on the COVID-19 crisis at the end of this chapter also briefly
explores the significance of social cohesion from a public health perspective.
With regard to water security for migrant populations, social exclusion
can take many forms, including lower levels of water access because of
physical barriers or social norms, and lower participation in decision making
on the use and allocation of water within the household or community (box
1.6). As discussed in Ebb and Flow: Volume 2, there is evidence of individuals
and communities being disadvantaged or excluded from access to water
services and decision making over water resources because of disability and
identity, in particular as they relate to gender. Moving forward, this report
calls for improved data availability on migration choices and patterns for
socially vulnerable groups in society.

STRUCTURE OF THE REPORT
The preceding results from the machine learning model reveal the predictive
power of water for migration outcomes, but they are not an end in
themselves. Future research should aim to disentangle the mechanisms and
nuances underlying these predictions and investigate the varied interactions
of water with other social, economic, and demographic processes in
driving migration and the subsequent impacts. In part, that is the goal
of the remainder of this report. In the chapters that follow, the report
presents findings from new research on the impacts of fluctuations in water
availability on mobility, the flow of human capital, and on economic growth
using data-driven empirical methods. Where appropriate, this new research
is presented alongside existing literature to better contextualize it and to
provide additional background and information.
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BOX 1.6: Social Cleavages Run Deep
Migration flows and their impacts are often gendered (Morrison, Schiff, and Sjöblom 2007).
Women may face discrimination in both origin and destination locations, with evidence
suggesting that gender inequality can act as both an incentive and a barrier to migration
(Ruyssen and Salomone 2018). Although migration can offer new opportunities for women,
it can also lead to new or increased risks. In particular, conditions of forced displacement
often exacerbate gender imbalances. In these situations, women and girls face severe
protection challenges and heightened risks of sexual and gender-based violence. Waterrelated issues can act as a channel for these heightened risks: women and girls often
have to use latrine facilities with no locks and have to fetch water outside refugee camp
boundaries, which increases the risk of assault (UNHCR and World Bank 2015). Among
displaced Syrian women in Lebanon, lack of access to drinking water and facilities for basic
hygiene, including feminine hygiene products, washing water, soap, and bathing facilities,
is a key factor contributing to poor reproductive health (Masterson et al. 2014). In Gaza,
lack of access to adequate sanitation services prevents women and girls from participating
in other productive activities (such as attending school) (UNOCHA 2019).
For indigenous people, the decision to leave one’s home is often influenced by
discrimination, land tenure insecurity, and the risk of forced eviction. Like other types of
migrants, indigenous people might decide to move in search of economic opportunity,
higher wages, or better services. In contrast to other migrants, however, indigenous
people often move because of insecure land tenure, the dispossession of their lands,
and the need to escape discrimination. In Cambodia, for example, indigenous people
face discrimination and coerced displacement because of illegal land evictions
linked with resource extraction and deforestation (IWGIA 2018). Given their strong
dependence on climate-sensitive ecosystems such as deserts and tropical forests for
their mental and material well-being, indigenous people are also more vulnerable
to climate variability and change and its potential impact on livelihoods. Indigenous
people are also more likely to experience marginalization once they migrate to urban
areas (United Nations 2018). In Latin America, indigenous migrants in urban areas are
twice as likely to end up living in informal settlements with limited access to basic
services, including water, compared with nonindigenous migrants (World Bank 2015).
Very little is known about the intersection of disability with migration. People with
disabilities face fewer opportunities to migrate and they face additional barriers during
migration and in the place of destination because of changes in the environment and
the absence of services and care (for example, the layout of infrastructure in camps or
settlements) (Mirza 2014).The United Nations High Commissioner for Refugees estimates
that, on average, 4 percent of refugees and asylum seekers in the Middle East and North
Africa have disability status (UNHCR 2019). Underidentification and underreporting of
people with disabilities mean that the total number of people with disabilities who
decide to, or are forced to, move from their homes is unknown (GMDAC 2016). Even
less is known about the challenges they face, including those related to water.
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Chapter 2 examines the link between water, migration, and
development at a global scale. The chapter finds that, on average, water
deficits result in five times as much migration as do water deluges, despite
the fact that floods are much more likely to gain national or international
attention. But there are important nuances to why and when these events
lead to increased migration. The effects vary significantly based on country
income, as well as people’s ability to adapt to water deficits via buffering
investments in gray and green infrastructure. Understanding these nuances
is critical to developing strategies to help households cope with water shocks,
thus easing the migration transition, and for regional development policy
more generally.
Chapter 3 focuses on the person’s individual characteristics and explores
the role of human capital in driving the relationship between water and
migration. This chapter demonstrates that water shocks can influence the
type of workers that migrate. Workers moving out of regions with lower
rainfall and frequent dry shocks bring with them lower-than-average
education levels and skills. This can have profound implications for the
migrants themselves as well as for the regions they move to, highlighting
that adverse shocks can have economic consequences far beyond the regions
they affect immediately.
Chapter 4 explores the impact of droughts on urban growth. Cities,
which are most often the destination of migrants, are believed to be more
resilient than rural areas to the types of water shocks that induce migration.
But even in cities, water deficits can continue to haunt migrants. Recent
high-profile urban droughts in Cape Town South Africa, São Paolo,
Brazil, and Chennai, India, show that some of the world’s megacities are
increasingly beginning to face “day zero” events in which water supplies
become threateningly low. Dozens of cities across the globe face similar fates
of dwindling water supplies, yet they gain little attention. This report finds
that water shortages can be a significant drag on economic growth in cities
across the world, enough to reverse critical development progress.
Finally, chapter 5 builds on the results, analysis, and literature of this
report and attempts to provide policy insights into the evolving nature of
the relationship between water, migration, and development.
The technical appendix to this report, available at www.worldbank.org
/ebbflow, goes into more detail on the data employed, technical details of all
analyses in the report, and several analyses that are congruent to the report’s
findings.
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SPOTLIGHT

INEQUALITY, SOCIAL
COHESION, AND THE
COVID-19 PUBLIC
HEALTH CRISIS AT THE
NEXUS OF WATER AND
MIGRATION
The fallout from the COVID-19 pandemic has disrupted
all aspects of social, economic, and political life, and it will
inevitably influence the nexus of water and migration. But how
it will do so is difficult, if not impossible, to predict. A very high
degree of uncertainty remains about how long the pandemic
will last, when vaccines will be successfully rolled out globally,
and what the scale of the pandemic’s health and economic
impacts will be.
The immediate impacts of the outbreak, and the
nonpharmaceutical interventions taken by governments to
contain it, have disrupted travel and brought life in dense cities
to a standstill. These effects have had immediate consequences
for the flow of migrants, their livelihoods, and the welfare of
their families. For instance, the sudden reduction in access
to jobs and remittances has been found to disproportionately
affect migrant households in Bangladesh and Nepal; these
households experienced 25 percent declines in earnings and a
fourfold increase in food insecurity (Barker et al. 2020).
Also, necessarily, the pandemic will have many mediumand longer-term effects. It will leave lasting scars on investment
levels, remittance flows, the skills and health of millions who
are unemployed, human capital outcomes of children (through
school closures), and supply chains (World Bank 2020). All
of these channels, and others, stand at the interface of water
and migration, some more obviously than others. Lessons from
history suggest that effects can lead to persistent losses as well:
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neighborhoods affected by the contamination of their water supplies during
the cholera outbreak of 1854 in London, for instance, lost property values
that persisted for up to 160 years (Ambrus, Field, and Gonzalez 2020).
To limit the scope of the discussion in this chapter, the spotlight focuses
on compiling recent and historical evidence on the interplay between
disease outbreaks, public health, and social cohesion, with a focus on the
inclusion and integration of migrants. The assimilation of migrants and
other excluded groups in their host communities has consequences for
inequality, productivity, and even asset values, for instance in the form of
house prices. Baseline conditions such as social cohesion and inequality are
affected by infectious disease outbreaks and in turn also affect communities’
susceptibility to infectious diseases, behavioral responses, and socioeconomic
outcomes (Bloom, Kuhn, and Prettner 2020; Jedwab et al. 2021).
Resilience to disasters and crisis situations is intricately tied to social
cohesion. Over the centuries, recurrent pandemics and epidemics have
occurred alongside improvements in scientific knowledge that have helped
civilization adapt and build resilience to the threat of such disasters.
But collective well-being requires inclusivity, especially in the case of
highly infectious diseases such as COVID-19, in which the nature of
externalities necessitates the inclusion of groups from all backgrounds in
the policy response to be successful. This includes minority groups, migrant
communities, and the residents of slums and informal settlements. Today,
universal health coverage, alongside free access to essential health products
such as vaccines, antimalarial bed nets, and clean water, is widely accepted
as a cost-effective way to reduce the disease burden in developing countries
(Jamison et al. 2018). Having anyone left behind risks the failure of all
efforts to curb the disease. And as the world builds back better, ensuring
equality and inclusivity of groups will be integral to resilient recovery and
protection from collective threats.

WATER, PUBLIC HEALTH, AND INCLUSION
Unequivocally, the role of infrastructure and investment in the water sector
is found to be central to combating disease. Six hundred years ago, Ibn
Khaldun claimed that the decline of civilization arises when deterioration
of sanitary conditions leads to the emergence of diseases and epidemics in
cities, eventually accompanied by famine (Weiss 1995). Today, scientists
and policy makers recognize more intricately how the appropriate design,
management, and provision of water, sanitation, and hygiene infrastructures
are the most fundamental public health investments to build the resilience
of increasingly dense cities to disease and to sustain their growth (Banerjee
and Duflo 2007; Ferriman 2007; Lall and Deichmann 2010; Duranton and
Puga 2020).
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In particular, COVID-19 has highlighted the challenges stemming
from preexisting inequalities, such as differences in access to water and to
sanitation for hygiene, especially among excluded groups such as migrant
populations. For instance, in the developing world, residents of informal
settlements that are characterized by crowding and by shared water sources
and sanitation facilities find themselves in hot spots for contagion and
vulnerability (Bhardwaj et al. 2020). Even in developed countries, racial and
ethnic minority groups today are disproportionately affected by COVID-19
as a result of poverty, inequality, and discrimination.
The COVID-19 pandemic has also highlighted how prosocial individual
behaviors add up to provide systemic benefits and protection against
collective threats. The mass adoption of behaviors such as social distancing,
wearing masks, and washing hands is at the core of controlling the spread of
the disease and the risks posed by it. At the same time, the support of public
policies is necessary to create an enabling environment and promote good
practices. This support requires not only ensuring access to water, sanitation,
and hygiene, but also promoting the adoption of good hygiene practices
through information and education. Experiences from the water sector
on the promotion of handwashing and the elimination of open defecation
provide potent examples of the approaches that may prove successful. Other
evidence suggests how self-targeting from the provision of free monthly
coupons can be the most cost-effective approach to promoting adoption
of health supplies, such as water treatment solutions (Dupas et al. 2020).
Cultural differences and beliefs can prove obstacles to such campaigns.
Belief in traditional medicine in Pakistan, for instance, is found to be an
impediment to the uptake of hand hygiene practices, even when information
campaigns are conducted (Bennett, Naqvi, and Schmidt 2018). Often,
however, differences in health behavior and outcomes between cultural
groups reflect underlying inequalities, such as disadvantages in education,
place of residence, and access to public services (Geruso and Spears 2018;
Adukia et al. 2020). Lessons such as these from the water sector have direct
implications for COVID‑19 containment efforts.
Diversity, when accompanied by exclusion and inequality, can also prove
to be an impediment to coordination and the provision of collective goods,
such as the maintenance of housing quality or the provision of water and
sanitation infrastructures (Alesina, Baqir, and Easterly 1999; Algan, Hémet,
and Laitin 2016). Native populations in regions that experience inflows
of migrants or refugees have been found to have stronger anti-immigrant
sentiments (Dustmann, Vasiljeva, and Piil Damm 2019; Tabellini 2020).
The sources of such sentiments are found to be the result of competition
over scarce resources, such as low-skilled immigrants crowding out local
employment opportunities or putting pressure on public goods and services
(Card, Dustmann, and Preston 2012; Halla, Wagner, and Zweimüller
2017). For instance, evidence from Brazil suggests that rich localities employ
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exclusionary regulations and reduce access to basic services for informal
neighborhoods to dissuade the settlement of low-income migrants (Feler
and Henderson 2011).

PANDEMICS, INEQUALITY, AND SOCIAL COHESION
IN HISTORY
Historical lessons from past pandemics and epidemics also point to important
policy lessons regarding the interplay between poverty, inequality, and social
cohesion during such crises. The Black Death of 1347–52 led to the mass
persecution of Jewish populations in Europe (Voigtländer and Voth 2012;
Jedwab, Johnson, and Koyama 2019). The cholera, smallpox, and plague
riots of the nineteenth century and the Ebola outbreaks of the twentieth
century led to violent attacks against health and government officials. There
is also some suggestive evidence that higher influenza mortality in 1918
led to a higher share of votes going to extremist parties in Germany in the
1930s (Blickle 2020). Other outbreaks—plague recurrences after the Black
Death, syphilis, and HIV—led to milder forms of conflict whereby minority
groups were blamed for disease outbreaks, which led to cases of medicalized
prejudice, discrimination, and individual cases of targeted violence. Some
historical episodes of disease outbreak gave rise to conflict and scapegoating
of minority groups, while others improved social cohesion and increased
cooperation. The trajectory a society takes after such disease outbreaks
depends largely on the prevailing economic, social, and political context;
the state of scientific knowledge; and the spread of information.
For instance, the sheer scale and devastating impact of the Black Death
made some contemporaries believe it was part of a grand conspiracy (Nohl
1924; Horrox 1994). In parts of Europe, a lack of medical understanding
of the disease eventually led to the plague being attributed to the poisoning
of wells by Jews, which led to mass expulsions and murders. Those people
most vulnerable to the disease may also become a target of grievances if they
are seen as a source of spread. For instance, there is evidence of increased
discrimination against African migrants during the HIV crisis (for example,
Edelstein, Koser, and Heymann 2014) and the Ebola crisis (for example,
Lin et al. 2015).
Indeed, today, media reports suggest an increase in discrimination
against people of Asian descent in the United States (Tavernise and Oppel Jr.
2020; Petri and Slotnik 2021) and in the rest of the world (Human Rights
Watch 2020) because the first known infections of the virus were found in
China. Increased discrimination has also been documented against minority
religious groups in South Asia (Ellis-Petersen and Rahman 2020; Human
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Rights Watch 2020; Qazi 2020) and against people of African origin in
Chinese cities (Burke, Akinwotu, and Kuo 2020). In general, migrants
have been blamed for being “super spreaders” because they travel significant
distances to find work, they are more likely to become infected, and they are
at higher risk of being carriers of infection when they return (Ahsan et al.
2020; Khanna, Kochhar, and Zaveri 2020).
The prevalence of inequality and intergroup dynamics have an important
role in determining whether pandemics lead to social unrest. Studies suggest
that inequality between groups can lead to conflict if it causes grievances
or incentivizes groups to organize and engage in conflict (Kanbur 2007;
Blattman and Miguel 2010). Grievances can also be exploited by political
actors to obtain gains by violent means, and ethnic identity can serve as “a
strategic basis for coalitions that seek a larger share of economic or political
power” (Ray and Esteban 2017). Jews served as moneylenders and tax
collectors, thus resentment against them possibly existed prior to the Black
Death and was only inflamed by it. Similarly, reports of discrimination
against minority groups and immigrants in the aftermath of the COVID-19
epidemic come against the backdrop of a global increase in populist
sentiments that predates the pandemic.
Medical understanding and beliefs about diseases determined how
societies responded to past pandemics. Poison became a major form of
killing in the medieval and Renaissance periods (Wexler 2017) because
the Islamic Golden Age (eighth to fourteenth centuries) contributed
to major advances in pharmacology (Hadžović 1997). Thus, it is not
surprising that epidemics during this period became increasingly associated
with accusations of poisoning. Despite technological advancement and
improved scientific understanding, inequalities in education and in access
to new technologies can give rise to social conflict. After the germ theory
of disease became more established by the 1850s, some epidemics led to
the scapegoating of disease victims. In the case of the smallpox epidemics of
the nineteenth century, a vaccine already existed in 1796 (Wolfe and Sharp
2002). Victims were found among the poor and were seen by the elite as
“guilty” for their infection, either because of their ignorance or because of
their lack of consideration for the rest of society. Likewise, when a treatment
became available for syphilis in 1910, women who still had syphilis came to
be seen as “guilty.”
Scapegoating is not necessarily restricted to religious or ethnic groups.
Violent “cholera riots” took place in many cities of various industrializing
nations throughout the nineteenth century (Cohn 2012, 2017). Cholera
disproportionately killed the urban poor in congested nineteenth-century
industrial cities in a context that was already dominated by a constant and
violent class struggle between the bourgeoisie and the proletariat. In this
context, the population believed that “elites with physicians as their agents
had invented the disease to cull populations of the poor” (Cohn 2018).
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THE MARCH FORWARD
As human settlements continue to expand and become denser to cater to
expanding populations, they will increase collective exposure to emerging
infectious diseases (Jones et al. 2008; Hassell et al. 2017). The contagious
spread of a zoonotic virus during the current crisis has laid bare the myriad
inequalities in human development, and put a spotlight on how social and
planetary imbalances reinforce each other (UNDP 2020). At the same
time, COVID-19 has given the world an opportunity to build back better
by taking the lessons learned from this pandemic to tackle worsening
inequalities and planetary pressures as progress continues to be made toward
further economic and human development.
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CHAPTER TWO

STAY OR GO?
“Say goodbye to the might-have-beens . . .
You go because you must”
—Ruth Padel, The Mara Crossing

KEY HIGHLIGHTS
• This chapter presents new research to examine the link between water,
migration, and development at a global scale. It finds that cumulative
water shocks play a significant role in influencing migration, with water
deficits resulting in five times as much migration as water deluges.
• But there are important nuances in why and when this migration occurs, and
headline predictions of massive waves of “water refugees” can be misleading.
• Migration responses differ systematically between low-income and
middle-income settings. Where there is extreme poverty and migration
is costly, rainfall deficits are more likely to trap people than induce them
to migrate.
• Buffering investments in built infrastructure (such as irrigation) or access
to natural infrastructure (such as forests) can diminish the risk of water
shocks, smooth income shocks, and lessen the impact of rainfall deficits
on migration. But this is not true everywhere and every time.
• When irrigation induces maladaptation whereby farmers grow waterintensive crops or natural capital is depleted, causing declines in
ecosystem services, their buffering services are lost. In such cases, water
shocks can further accentuate vulnerability and heighten the impact of
rainfall deficits on migration.
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INTRODUCTION
The history of migration is sculpted by water. Confronted by harsh and
prolonged dry spells in East Africa’s Rift Valley over 5 million years ago,
our ancestors decided to migrate and move across Africa in search of new
sources of water. Scholars argue that this pivotal decision may have been
key to their survival and the evolution of the human species (Cuthbert et
al. 2017). Centuries later, human movement and migration have come to
be recognized as one of the foundational drivers of economic development
and growth. As explained in chapter 1, vast population movements from
rural to urban areas and from agricultural to nonagricultural activities have
been an important channel through which countries develop. By affecting
movement, the availability of water has the potential to influence this
process of transformation.
This chapter casts light on these development issues by investigating the
relationship between water shocks and the internal migration mechanisms
underlying the process of development at a global scale. The analysis uses
a global and fine-grained data set spanning three decades for close to
150 countries to demonstrate the widespread nature of the effects while
also uncovering significant heterogeneous impacts across different contexts.
Results reveal that, overall, cumulative water deficits play a critical role in
driving migration decisions. But these migration responses are conditional
on income levels and notably on people’s ability to adapt to and to buffer
their income against water shocks via investments in hydraulic infrastructure
or leveraging nature’s ecosystem services or other buffering mechanisms
(which might include savings from income).
These issues have far-reaching policy consequences. As economies
develop, populations grow, and climate change takes hold, water shocks will
pose an increasingly complex challenge to people. Scientists warn that twothirds of Earth’s land is already on track to lose water as the climate warms,
with extreme-to-exceptional drought likely to affect more than double the
area and population by the end of this century (Pokhrel et al. 2021). These
estimates mean that nearly 700 million people, or 8 percent of the projected
future population, could be affected by extreme drought, compared with
200 million over recent decades (Pokhrel et al. 2021). Understanding the
uneven impacts across subsets of the population and the effectiveness of
remedies that buffer incomes against water shocks will be critical to help
inform the debate on future migration responses to continued climate change.
Because almost three times as many people migrate within countries
than internationally, these questions are especially salient for internal
migration (McAuliffe and Ruhs 2017). Past simulations project that an
estimated 143 million people in Sub-Saharan Africa, South Asia, and Latin
America will migrate within their own countries by 2050 in response to
climatic variability (Rigaud et al. 2018). Some reports warn that massive
waves of “water refugees” are likely to become commonplace as water runs
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out (Brown 2012). New analysis in this chapter goes beneath the headline
predictions to reveal important nuances in the water–migration relationship.
Understanding these nuances will be critical for designing policies to make
communities more resilient and to help households cope with water shocks,
thus easing the migration transition. The technical appendix to this report,
available at www.worldbank.org/ebbflow, provides details of all results.

SHOULD I STAY OR SHOULD I GO? ESTIMATING
THE IMPACTS OF WATER SHOCKS ON MIGRATION
DECISIONS
The most straightforward question “Why did you migrate?” is perhaps
the hardest to answer. Every migrant has a unique story and experience.
People’s choices to move, stay, or engage in local livelihoods occur within
the context of a wide array of social, cultural, and economic factors and
their interlinkages that can amplify or moderate the influence of water
on migration.1 But at its economic core, the decision boils down to two
salient questions: Do people perceive improved welfare or wealth if they
were to migrate? (the incentive condition); and, Can they afford to migrate?
(the feasibility condition) (Roy 1951; Borjas 1987; Cattaneo and Peri 2015;
Peri and Sasahara 2019) (see figure 2.1).

Calculus of Risks, Incentives, and Costs
There are sound economic reasons to expect successive water shocks to
cascade into migration. When droughts occur, incomes suffer, especially in
rural areas where agriculture remains the primary source of employment.
Rural adaptation strategies, in turn, can moderate the impact of water
shocks on income. Over time, water shocks can alter an individual’s
risk calculus of staying or leaving owing to differences in economic
opportunities between where they are and where they intend to go. When
their economic outlook is sufficiently high to offset the costs of moving,
people may choose to move. Figure 2.1 depicts some of the channels
explored in the analysis.
To systematically estimate the impacts of water shocks on internal
migration, the analysis employs a subnational grid cell-level data set of
net migration rates covering about 150 countries. The grid-level data for
decennial net migration rates cover a 30-year time period from 1970 to
2000. This data set is combined with other fine-grained data on population,
weather fluctuations, and other variables to statistically estimate the effect of
rainfall shocks on migration decisions (see box 2.1 for details).
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FIGURE 2.1: Main Results at a Glance: Channels through Which Rainfall Deficits
Affect Migration
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BOX 2.1: Using Disaggregated Global Data to Illuminate Water and
Migration Links
Chapter 2 employs regression analysis to study the impact of rainfall variability on net
migration rates using a grid cell-level data set covering the entire world. Data on net
migration are drawn from the global estimated net migration data set compiled by de
Sherbinin et al. (2015). To arrive at net migration estimates, the compilation begins
with a gridded distribution of population in the year 2000 based on census data drawn
from the Global Rural–Urban Mapping Project, Version 1. The History Database of
the Global Environment, Version 3.1, is then used to calculate population totals in
1970, 1980, and 1990 to arrive at population growth estimates for previous decades.
Mortality rates specific to each nation, ethnicity group, and decade are applied to each
grid cell to estimate decennial births and deaths. Finally, a measure for net population
growth, defined as births minus deaths plus net migration, is used to estimate the net
migration for each grid cell.
Because the data set derives an aggregate measure of net migration rates from
assumed demographic trends, it is not possible to account for individual specific
box continues next page
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BOX 2.1: Using Disaggregated Global Data to Illuminate Water and
Migration Links continued
data, or to distinguish between short- and long-term migration and temporary and
permanent migration. Despite these limitations, the data set allows an assessment of
aggregate migration trends and its links to water shocks at a granular scale. The same
data set on net migration has also been employed by de Sherbinin et al. (2012) in the
context of environmental research and by Peri and Sasahara (2019) to study the effect
of temperature increases on net migration.
The analysis splits the land area into 0.5 degree grid cells (approximately 56 kilometers
x 56 kilometers at the equator). Following Peri and Sasahara (2019), the net migration
data from de Sherbinin et al. (2015) are aggregated to the 0.5 degree resolution
to reduce data volatility from small cells and minimize measurement errors. This
aggregation is then combined with data on population obtained from Yamagata
and Murakami (2015) to construct decadal net migration rates. The final measure of
migration for each grid cell reflects percentage changes in population due to mobility.
Using disaggregated data is critical because rainfall tends to exhibit significant spatial
variability that is almost two times higher than temperature (Damania, Desbureaux,
and Zaveri 2020).a Using aggregated data at the country level would mask this spatial
variability and cause substantial statistical distortions, biasing the results.
Rainfall variability is measured in terms of local deviations from the long-run mean
and reflects random draws from a climate distribution (Dell, Jones, and Olken 2014).
Specifically, a grid cell is considered to have a dry rainfall shock if rainfall in a given year
is lower than the long-run annual mean for the grid cell by at least 1 standard deviation.
Similarly, a grid cell is considered to have a wet rainfall shock if rainfall in a given year is
higher than the long-run annual mean for the grid cell by at least 1 standard deviation.
Shocks are considered to be better predictors of migration outcomes than raw climate
data (Gray and Wise 2016; Mueller, Gray, and Hopping 2020). In the analysis, the
rainfall shock variables measure the number of years in the decade for which rainfall
was at least 1 standard deviation above or below the mean.
A plethora of other factors can also affect net migration rates. Control variables,
including temperature and various fixed effects and time trends, are included to
ensure that the impact of rainfall shocks is estimated precisely and not biased by
factors that may be correlated with both net migration rates and rainfall shocks. These
controls account for baseline differences in migration patterns and other factors that
vary by year and decade. These factors include national trends in economic growth
or common shocks that might affect all individuals’ migration decisions in the same
decade in a region (for example, border enforcement policies or conflict).
a. In 2000, the within-country coefficient of variation is 1.9 times as large for precipitation as it is for
temperature (0.055 for precipitation versus 0.029 for temperature).
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The analysis distinguishes between dry and wet rainfall shocks
(defined as rainfall that is at least 1 standard deviation below or above
normal levels).2 Dry shocks indicate drier than normal conditions and wet
shocks mean wetter than normal conditions. Including both measures is
critical to account for nonlinearity and asymmetry in rainfall impacts. As
figure 2.1 illustrates, water scarcity induced by rainfall deficits can increase
an individual’s incentive to migrate due to distress (the incentive condition
described earlier). On the other hand, income-generating positive rainfall
shocks that give households the ability to save can also influence migration
by providing the necessary funds to migrate (the feasibility condition). These
effects can manifest gradually as a response to cumulative changes in water
variability. For this reason, the analysis focuses on the impact of repeated
water shocks that occur over a decade on out-migration rates. It also suggests
that focusing on a single rainfall episode may be misleading because the
decision to migrate often entails high cost and longer-term considerations.
Results show strong evidence that repeated dry shocks lead to a substantial
increase in out-migration. For every additional year with a dry shock, 0.3 to
0.4 percent of a grid cell’s population out-migrated, on average. This amounts
to dry rainfall shocks explaining between 10 and 11 percent of the increase
in the out-migration rate between 1970 and 2000 across the global sample.
Strikingly, dry shocks have five times the effect on out-migration than wet
shocks have—the impact of wet shocks is more muted. This suggests that local
adaptive capacity may be significantly constrained in the event of repeated dry
shocks (Gray and Mueller 2012). But these global averages mask considerable
variation in effects, which are investigated in the next section.

Pull, Push, or Trap?
Results show that out-migration effects are overwhelmingly concentrated
in rural areas, where individuals are more dependent on agriculture for
their income earning and sustenance (figure 2.2). For the most intensively
cultivated grid cells in a country3 (labeled “high-cropland” in figure 2.2
panel a), the effects are even stronger. For every additional year of exposure
to dry shocks during the decade, an additional 1 percent of the population
in cropland-intensive grid cells out-migrate, on net, an amount that is
three times the effect seen in low-cropland grid cells (figure 2.2, panel a).4
This is perhaps not surprising. Even relatively moderate rainfall deviations
from long-run averages can cause large changes in crop production—dry
shocks lead to as large as a 12 percent decrease in agricultural productivity
per year globally (Damania et al. 2017). Thus, repeated rainfall shortfalls
can adversely affect household income and accentuate deprivation through
their effect on yields and livelihoods (Fishman 2016; Lesk, Rowhani, and
Ramankutty 2016; Damania et al. 2017; Noack, Riekhof, and Di Falco
2019; Ibáñez, Romero, and Velásquez 2021). This, in turn, can alter an
individual’s decision to stay or leave.
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What is less apparent is that these choices are also moderated by
baseline differences in income or wealth. Results in figure 2.2, panel b, show
that out-migration responses become stronger along an income gradient.
Repeated dry shocks have little or no discernible impact on out-migration
for poorer individuals residing in countries whose baseline gross domestic
product (GDP) per capita falls in the bottom two quartiles of the income
distribution. Yet, they also increase out-migration from higher-income areas
whose baseline GDP falls in the top two quartiles.
What explains the lack of migration effect in low-income areas? At
the low end of the income distribution, people may lack the resources to
move—even with strong incentives to migrate—because of baseline poverty.
In other words, even as repeated dry episodes increase the incentives to move
and the incentive condition is met, these episodes can also limit the capacity
to move such that the feasibility condition described earlier is binding.
Poverty can worsen the financial constraints imposed by dry shocks. This
makes migration infeasible for the most vulnerable and may cause people
to remain “trapped” following adverse shocks.5 In such cases, even the cost
of bus fare or the possibility of leaving behind social support networks may
pose a barrier to moving (de Sherbinin 2020).
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In a first-of-its-kind experiment, researchers found that offering poor
families in Bangladesh small cash payments of US$11.50 (akin to a few
weeks’ wages) induced a 22 percentage point increase in migration (Bryan,
Chowdhury, and Mobarak 2014).6 This finding confirms that the costs of
migration are nontrivial for the poor.7 On the other hand, in high-income
areas, even as water shocks can worsen potential earnings, these shocks can
strengthen the willingness of individuals to migrate and push people out
because people can afford the costs of migration.
Supporting this argument, the analysis in the chapter finds that poorer
households and individuals might need to experience a wet shock to migrate.
Although panel a of figure 2.2 shows that wet rainfall shocks have little or
no discernible impact on out-migration, panel b of figure 2.2 shows that
there is significant underlying heterogeneity. When countries are split on
the basis of their income level, a positive impact of wet rainfall shocks on
out-migration is found, but only in poorer countries. In general, wet rainfall
shocks tend to be beneficial for farmers. They are found to raise agricultural
yields by 8 percent per year globally and positively affect various sectors of
the economy (Damania et al. 2017).
This pattern suggests that migration as an adaptation strategy might be
available to select people in the developing world. Upper-middle-income
countries are those in which the process of structural transformation has
started such that income levels are high enough to pay upfront migration
costs (Peri and Sasahara 2019). But the most vulnerable people in the
developing world who reside in low- and lower-middle-income countries
might need to experience weather events such as wet shocks that allow them
to raise the necessary funds to migrate. This is also in line with the idea that
the poorer households cannot respond right away in the face of bad weather
conditions—that they potentially need to save funds before migrating
(Zhu and Garip 2020).
Depending on the context, various other constraints might also lead
rural poor people to actively choose not to migrate, thereby nullifying the
effect of water shocks on migration decisions (box 2.2). Understanding
the reasons that more people do not migrate even when they could experience
wage gains elsewhere is far from settled and remains an active area of debate
in the literature (Lagakos 2020). Additional evidence and future research on
this question in the context of water shocks will be critical for understanding
the whole picture.
In sum, income remains the central pathway underlying the water shock
and migration relationship. Rainfall shocks affect income, and this in turn
influences migration. Because rural incomes are more sensitive to rainfall,
the out-migration effect is heavily concentrated in agriculturally dependent
areas. But the migration response is not uniform and is contingent on other
factors such as income levels. Migration occurs when rural incomes suffer
and fall—producing incentives to migrate—but only when the feasibility
condition is not binding and people can afford the cost of migration (see
figure 2.1).
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BOX 2.2: Choosing Not to Migrate
Even as economics views the world as irrepressibly dynamic, few would dispute the
notion that markets in poor countries are full of “friction.” In addition to restricting
budgets and making it too costly for people to migrate, rainfall shocks might deter
migration in other ways.
Friction in land markets can be potent in holding back migration. In the absence of formal
titles to land, people might fear losing their land, which in turn can deter migration
(de Janvry et al. 2015; Chen 2017; Gottlieb and Grobovšek 2019). Informational friction
too has been found to be an important barrier to migration and could also influence
the water–migration relationship. In a study about migration expectations among rural
Kenyans, Baseler (2019) found that even as workers in cities had the potential to earn
twice as much as their rural counterparts, rural workers substantially underestimated
the magnitude of this wage gap because of poor information about wages in the
destination (Lagakos 2020).
People may also actively choose to stay under certain conditions. Prevailing labor
market conditions and the local economy can influence the underlying incentives
not to migrate. For example, a drought might increase local demand for agricultural
labor due to the elevation of on-farm risk. This increase in demand for labor could
lead more people to work on farms to minimize the damages to crops (Grabrucker
and Grimm 2020; Jagnani et al. 2020; Mueller, Gray, and Hopping 2020). Yet another
explanation could be labor reallocation to other sectors. In the presence of large firms
and sufficient rural industrialization, rural poor people may be relatively successful in
offsetting water-induced agricultural income losses through a reallocation of labor to
off-farm employment in the same vicinity without resorting to migration (Blakeslee,
Fishman, and Srinivasan 2020).
The presence of other social safety nets, such as cash transfer programs, food aid, or
access to social networks, may also break the link between droughts and migration
and cause people to stay. Governments can aid regions affected by natural disasters
or other extreme weather events, which could dampen the economic impact of
such shocks and thus influence migration. There is some suggestive evidence that
food aid can delay or reduce migration (Hammond et al. 2005; Cattaneo et al.
2019; Meze-Hausken 2000). Nontraditional drought policies such as cash transfer
programs can also unintentionally augment adaptive capacity and help the poor
to smooth income shocks caused by droughts, thereby eliminating the incentives
to move completely (Verner and Tebaldi 2015). Access to social networks also
has been found to weaken the relationship between migration and rainfall deficits
(Nawrotzki et al. 2015).
box continues next page

57

Water, Migration, and Development

BOX 2.2: Choosing Not to Migrate continued
Various “pull” factors in potential destination regions, such as the paucity of available
work and lack of a manufacturing base, can also reduce the aspiration to move
(Henderson, Storeygard, and Deichmann 2017; Mueller, Gray, and Hopping 2020;
Mueller et al. 2020). Moreover, the nonmonetary costs of harsh living and working
conditions in the destination and the nonmonetary value of rural life may also serve
as significant migration barriers for people of lower income (Imbert and Papp 2020;
Lagakos 2020). Take for example the amenities that are found in large cities. These
can be quite different from those in rural areas and people could have strong and
varied preferences for them. In such cases, migrants could experience large welfare
reductions even as their relative wages in cities rise.

DOES BUFFERING RURAL INCOME FROM
RAINFALL SHOCKS INFLUENCE MIGRATION?
The previous section emphasized a rural channel in driving water-induced
migration and highlighted the vital role that income plays in influencing
water-induced migration. This raises a complementary question: Can
rural adaptation strategies that moderate the impact of water shocks on
income also influence migration? Evidence for such effects is seldom
known but is essential to understand, especially in light of adaptation
taking center stage in policy discussions. The Global Commission on
Adaptation points to adaptation as a central factor underpinning effective
responses to the impacts of climate change (Global Commission on
Adaptation 2019). The analysis in this section sheds new light on these
issues by examining the effect of two types of water-related adaptation
mechanisms: gray hydraulic infrastructure via irrigation systems and
natural green infrastructure via forest cover (figure 2.1). In doing so,
this section also demonstrates how migration, as a form of adaptation,
interacts with other adaptive responses to water shocks.

Liquid Assets: The Role of Hydraulic Infrastructure
From the use of aqueducts in Roman times to the modern dams and
pumps of today, the control of water through irrigation systems has
shaped the course of agrarian change and development of societies
around the world. These supply-side measures insulate agriculture from
the adverse effects of rainfall variability, shielding farmers from some of
the hardships and uncertainties arising from the natural system.8
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Prior research has shown that on average, in most areas that are equipped
for irrigation, agricultural yields show limited sensitivity to rainfall variability,
both for wet and dry shocks (Zaveri, Russ, and Damania 2020). This implies
that irrigation infrastructure provides a buffer against rainfall shocks in these
areas. For this reason, irrigation remains one of the most crucial adaptation
methods used by farmers in response to risks associated with rainfall
variability, and it is among the top three categories of estimated adaptation
costs for developing countries (Narain, Margulis, and Essam 2011).
Yet, even as 77 percent of small-scale farms in low- and middleincome countries are located in water-scarce regions, less than a third of
these have access to irrigation systems (Ricciardi et al. 2020). Low access
to irrigation can become an increasingly binding constraint on agricultural
livelihoods and contribute to uncertain incomes in rural areas, influencing
the economic incentives underlying migration behavior. Indeed, that is what
the new empirical results in this section show (box 2.3).

BOX 2.3: Measuring the Buffering Effect of Gray and Green
Infrastructure
To assess the differential impacts of migration in places with low and high access to
irrigation and forests, additional data sources are used. The analysis uses data on
the share of irrigated cropland at the start of the period over which migration occurs
(Siebert et al. 2015) and data on forest cover from the European Space Agency. These
data are used to construct time-invariant shares of irrigated cropland and shares of
forest cover for the sample of grid cells. Grid cells with high irrigation access and
high forest access refer to those grid cells in which the baseline share of irrigated
cropland or share of forested area is above the global median. The analysis follows a
similar methodology to that described in box 2.1 and adds an additional interaction
term between rainfall shocks and an indicator variable for high irrigation access or
rainfall shocks and an indicator variable for high irrigation access. The coefficients on
the interactions show the extent to which irrigation and forest access attenuate the
migration response as depicted by DS × gray and DS × green in figure 2.3.
Furthermore, the analysis also examines the differential buffering impact of irrigation
access in arid regions engaged in water-intensive cropping practices. The analysis
combines climatic zone data along with data on the geographical distribution of
agricultural crops from Ramankutty et al. (2008) to identify the crop that occupies the
largest amount of harvested area in the grid cell. Grid cells whose main crops include
rice, cotton, or sugarcane are identified as water-intensive grid cells.

59

Water, Migration, and Development

Figure 2.3 shows the extent to which differing levels of irrigation
coverage moderate water-induced out-migration (box 2.3). For example, in
figure 2.3, the orange bar shows that an additional year of dry shock leads
to about a 0.4 percentage point increase in net out-migration rates from
areas with low access to irrigation, consistent with baseline findings in the
previous section.9 But these effects are substantially dampened in areas with
high access to irrigation owing to irrigation’s role in buffering and smoothing
water-induced income shocks. The gray bar in figure 2.3 shows the amount
of this reduction. The net effect is such that the buffering effect provided by
irrigation lowers out-migration rates by about three times the rate observed
in areas with low levels of irrigation coverage. Put differently, moving from
the top percentile to the bottom percentile of irrigation coverage triples the
impact of droughts on out-migration. Other country-level studies similarly
have found that groundwater access reduces internal migration (Fishman,
Jain, and Kishore 2017; Zaveri, Wrenn, and Fisher-Vanden 2020).10 This
demonstrates that the buffering role of irrigation can alter agricultural
opportunity costs and reduce incentives to migrate.11

FIGURE 2.3: Impact of Rainfall Shocks on Out-Migration Rates, by Gray (Irrigation)
and Green (Forest) Infrastructure
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Source: World Bank figure based on analysis using global estimated net migration data by de Sherbinin et al.
2015, population data from Yamagata and Murakami 2015, irrigation data from Siebert et al. 2015, forest cover
data from the European Space Agency’s Climate Change Initiative, and weather data from Matsuura and Willmott
2018.
Note: Figure 2.3 shows point estimates of an additional rainfall shock on the out-migration rate with 90 percent
confidence intervals. The vertical axis shows the impact on out-migration rates in percentage points. High
irrigation access and high forest access refer to those grid cells where the baseline share of irrigated cropland or
share of forested area is above the global median.
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But even as irrigation can support agriculturally dependent
communities in the short run, there are notable exceptions over the long
run. Over time, irrigation systems may also paradoxically amplify the
impacts of shocks in certain regions and fail to protect farmers from the
impacts of droughts because of maladaptation (Hornbeck and Keskin 2014;
Damania et al. 2017 ). In some arid areas, free irrigation water creates an
illusion of abundance, which increases the cultivation of water-intensive
crops—such as rice, sugarcane, and cotton—that are ultimately unsuited to
these regions (Damania et al. 2017). As a result, crop productivity suffers
disproportionately in times of dry shocks due to extraordinary water needs
that cannot be met. This increases vulnerability to drought, which magnifies
the impacts of dry shocks.12 Ebb and Flow: Volume 2 (Borgomeo, et al. 2021)
finds similar cases of maladaptive reactions to irrigation in the Middle East.
Can this increasing vulnerability alter the economic incentives to migrate?
New empirical results show that when irrigation leads to a dependence
on water-intensive crops in arid areas, access to irrigation amplifies outmigration in response to repeated dry shocks, which is antithetical to the
buffering effect seen in the overall findings in figure 2.3.
Similar patterns are also seen in cases in which irrigation becomes more
uncertain and unreliable. When groundwater irrigation became less available
or more expensive because of a declining water table in the Indian state of
Gujarat, well-off farmers migrated to cities instead of seeking alternative
adaptation strategies such as shifts in cropping patterns or more efficient
irrigation technologies (Fishman, Jain, and Kishore 2017). With climate
change and rising demands for water, irrigation water might become even
more unreliable and scarce in the long run. If irrigation is not managed
properly, its availability could also disappear quickly, for example through
groundwater depletion. This would limit the use of irrigation as a buffer for
agricultural incomes against erratic rains (Zaveri et al. 2016; Fishman 2018;
Sayre and Taraz 2019), but with hitherto uncertain effects on migration
decisions.

How Green Is My Valley: The Role of Green Infrastructure
An alternative but less recognized option to built infrastructure is the
use of natural capital to bolster water supply and storage. Nature-based
solutions draw on features of nature to enhance the ability of ecosystems
and the natural environment to store more water, enhance water quality, and
provide other critical benefits (Browder et al. 2019). Across local watersheds
and even thousands of miles away, forests can alter the movement and
availability of water by regulating flow, absorbing water when it is plentiful,
and releasing it when it is scarce (Miller, Mansourian, and Wildburger
2020). Forests can also buffer the adverse effects of rainfall deficits on
quality of drinking water supplies (Mapulanga and Naito 2019). Although
forests—especially fast-growing plantations—may themselves use water and
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therefore reduce freshwater availability, there is growing evidence that, with
proper management, forests can help enhance the resilience and quality of
water supplies (Herrera et al. 2017; Mapulanga and Naito 2019; Miller,
Mansourian, and Wildburger 2020).
In addition to providing essential environmental and water services,
forests also contribute directly to the local livelihoods of millions of people
worldwide (Hallegatte et al. 2015). More than 1.6 billion people live within
5 kilometers of a forest (Miller, Mansourian, and Wildburger 2020). This
population often relies directly on the goods and ecosystem services that
forests and trees provide (Miller, Mansourian, and Wildburger 2020). For
many communities in tropical countries, forest- and environment-derived
income accounts for as much as 20–25 percent of household income—a
proportion that is even higher than that obtained from agriculture (Angelsen
et al. 2014; Damania, Joshi, and Russ 2020).
Importantly, incomes from forests are less sensitive to weather
fluctuations and droughts than those that depend on annual crop cycles
because forestry relies on biomass that has accumulated over years or even
decades (Noack, Riekhof, and Di Falco 2019). For this reason, the welfaresupporting role of forests is often greater in the presence of droughts, and
households often end up consuming more environmental and forest goods
than they would have without the negative rainfall shock to meet basic needs
(Noack, Riekhof, and Di Falco 2019; Damania, Joshi, and Russ 2020).
This risk-mitigating role of forests and trees is especially relevant to
rural poor people because they often lack access to other coping responses
or other forms of insurance and credit markets to smooth consumption
(Banerjee and Duflo 2010). Given the benefits of forests and the risks posed
by water shocks, access to a forest’s natural capital can alter the opportunity
cost of migration.
Figure 2.3 shows the extent to which differing levels of forest coverage
moderate water-induced out-migration (box 2.3). Results show that having
greater access to forested areas reduces the impact of water shocks on net
out-migration rates. In figure 2.3, the green bar captures the amount of
reduction in out-migration that occurs in highly forested areas compared
with the levels observed in areas with negligible forest cover (presented by
the orange bar). The net effect is such that the buffering effect provided by
forests lowers out-migration rates by about half relative to rates observed
in areas with negligible forest cover. Stated differently, the loss of natural
capital and the ensuing strain on livelihoods almost doubles the impact of
droughts on out-migration. This suggests that forests act as a form of natural
insurance or safety net in times of crises, and the income-stabilizing role of
forests can have a considerable influence on the incentives to migrate.
Forests have a long history of providing means to mitigate and adapt
to environmental change and drought (Hecht et al. 2015). In Niger, for
example, afforestation was shown to reduce vulnerability to drought. During
the 2005 droughts in southern Niger, mass migration and livestock losses,
which had occurred during previous droughts, were avoided thanks to the
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buffering effect of the forests (Sendzimir, Reij, and Magnuszewski 2011).
Depleting this source of income can therefore eat away at this important
safety net and natural capital, reducing resilience to future rainfall shocks.
Unfortunately, such responses, as well as the general overextraction and
overuse of ecosystem resources, can also lead to increasing degradation of
ecosystems, which can undermine the sustainability of such adaptation
strategies (Hallegatte et al. 2015) (box 2.4). Therefore, it is essential to

BOX 2.4: Water Shocks and Declining Wetlands
The rivers, lakes, floodplains, and deltas of Africa are rich, diverse, and productive
ecosystems. These wetlands remain a lifeline and a crucial insurance against weather
extremes. In the Sahel alone millions of people depend on the vitality of these wetlands
(Madgwick et al. 2017). During the dry season, these natural assets are particularly
sought after by pastoralists and serve as buffers against drought for large swathes of
the region (Madgwick et al. 2017). But the wetlands are degrading and declining.
For example, the once extensive Lorian swamp fed by the Ewaso Nyiro River in Kenya has
historically provided sustenance for pastoralists from far and wide in the dry season. Over
time, it has been desiccated by diversions of water upstream for intensive horticulture,
combined with overabstraction of groundwater beneath the swamp (Madgwick et al.
2017). Such wetlands can no longer serve as sources of refuge in hard times and have
instead become sources of out-migration. In some places the pressure on wetlands is so
severe that it has increased competition over access to scarce water and land resources,
leading to increased conflicts and violent clashes (Madgwick et al. 2017).
Given the significance of wetlands for livelihoods and agriculture, it is becoming
increasingly important to embrace agricultural practices that promote productivity
while maintaining and enhancing wetlands and their ecosystem services. When
trade-offs between agricultural production and the ecosystem services of wetlands
are not managed, the conversion of wetlands to large-scale farming can lead to
conflicts as pastoralists and small farming communities see their sources of livelihoods
undermined (Bergius et al. 2020). As shown by recent Global Environment Facility and
World Bank experience in Gabon, sustainable land management offers an approach to
address competing uses of wetlands.a This includes improving knowledge of wetlands
and capacity to monitor their status, recognizing and valuing the ecosystem services
provided by wetlands, and making those services available to people vulnerable
to shocks.
a. “Preserving the Vital Biodiversity of Gabon’s Wetlands,” World Bank, January 19, 2017, https://www
.worldbank.org/en/news/feature/2017/01/19/preserving-the-vital-biodiversity-of-gabons-wetlands.
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effectively manage these natural resources using tools that incentivize
conservation without compromising the natural insurance properties of
forests (Noack, Riekhof, and Di Falco 2019).13

IRRIGATION COSTS AND FOREST LOSS
The previous sections showed that access to the natural commons can
influence water-induced migration outcomes. In areas where the forest
cover declines, out-migration rates in response to rainfall deficits increase.
What does it take to compensate for the drought-buffering effects of
this lost natural capital? Can built infrastructure offset the effects of lost
natural capital and, if so, how much would it cost?
Answering these questions is not easy. It entails an integrated portfolio
of environmental management solutions to restore and protect natural
capital while equipping farmers with productivity-enhancing irrigation
infrastructure that buffers them against drought. Comparing information
on forest loss with the cost of irrigation expansion is one way to try to
answer this question and pinpoint the cost of recovering the buffering effect
of natural capital lost due to deforestation (see box 2.5).

BOX 2.5: Irrigation Costs and Forest Loss
To assess the differential impacts of migration in places with low and high access
to irrigation and forests, the analysis follows a similar methodology as described in
box 2.3 and uses data on share of irrigated cropland at the start of the period over
which migration occurs (Siebert et al. 2015) and data on forest cover from the European
Space Agency. These data are used to construct time-invariant shares of irrigated
cropland and shares of forest cover for the sample of grid cells. The analysis then
adds two additional terms: interactions between rainfall shocks and shares of irrigated
cropland and forest cover to the regression model. The coefficients on the interactions
show the extent to which irrigation and forest access attenuate the migration response.
These estimates are combined with summary measures of forest loss and irrigation
costs. To quantify the cost of irrigation expansion, data from Inocencio et al. (2007)
are used. These data are the most widely used estimates on the costs of irrigation
expansion at the global level, and they provide unit costs of irrigation expansion per
hectare by world region (for recent applications, see Rosegrant et al. 2017; Rozenberg
and Fay 2019).
box continues next page
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BOX 2.5: Irrigation Costs and Forest Loss continued
Case Study: Irrigation Costs and Forest Loss in Malawi
Forests make a substantial contribution to the livelihoods and the economy in Malawi,
accounting for 4 percent of Malawi’s total wealth and 7.5 percent of its natural capital
in 2018 (Lange, Wodon, and Carey 2018). They contribute to livelihoods, jobs, and the
economy through the supply of biomass fuels, sources of soil fertility, prevention of
land degradation, and protection of watersheds (World Bank 2019). However, Malawi’s
forests now face a cycle of decline and degradation: between 1972 and 1992, more
than half of Malawi’s natural forests were lost. This loss amounted to an average annual
loss of 2.5 percent (World Bank 2019). Since 1992, deforestation has continued, though
at a somewhat slower rate according to the data set used in this study. Deforestation
is associated with continued demand for agricultural land, charcoal and wood fuel
extraction, and unsustainable timber production.
As a result of deforestation, important ecosystem services and the livelihoods they
sustain have been lost. Forests no longer help buffer the effects of drought, whose
occurrence is now associated with an increase in out-migration from areas that
experienced deforestation. In Malawi, between 1992 and 2000, the ratio of forest area
decreased by 13.7 percentage points, and at the same time out-migration increased
by 12.57 percentage points in the areas that experienced forest loss.
Irrigation is one way to build resilience against drought and buffer its impacts on
livelihoods. In the case of Malawi, estimates from the analysis suggest that 96,000
hectares of land would need to be placed under irrigation to compensate for the
drought-buffering effects of the lost forest. At a unit cost of irrigation expansion
(that is, without operation and maintenance) of US$16,226 per hectare (Inocencio
et al. 2007), this would mean an investment cost of about US$1.563 billion. To get a
sense of the magnitude, these cost estimates are similar to the levels of investment in
Malawi’s recently launched Irrigation Master Plan. The strategy explicitly considers the
country’s irrigation potential and suggests that US$2.146 billion for initial infrastructure
and US$278 million annual recurrent costs would be needed to develop 116,000
hectares in the next 20 years (SMEC 2015). This suggests that the costs of recovering
the buffering effect of natural capital lost due to deforestation are not trivial compared
with maintaining and protecting forests.

This strategy will result in only an approximation because it ignores the
costs and benefits of other environmental management solutions, and because
the costs and benefits of irrigation expansion vary widely across the world.
Nevertheless, it still does provide broad insights into the relative costs of policy
options available to mitigate drought risks in areas with depleted natural capital.
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The calculations are performed using the empirical estimation described
in box 2.5 in combination with summary measures of forest loss and
irrigation costs. Globally, on average, for a 10 percentage point decrease
in the share of forest cover,14 around 195 million hectares of land would
need to be placed under irrigation to compensate for the drought-buffering
effects of lost forest. At a unit cost of irrigation expansion ranging from
US$4,000 to US$16,000 per hectare (Inocencio et al. 2007), this would
mean an investment cost of about US$0.8 trillion to US$3 trillion.
These estimates show that the drought-buffering effects of forests are not
trivial and highlight the underappreciated benefits of investing in forests and
nature. Healthy ecosystems underpin economies and society on many levels.
They provide essential livelihoods and environmental services, regulate key
aspects of the global carbon cycle and climate, sustain cultural traditions,
and offer health and recreation benefits. They also provide critical habitat
for biodiversity. Although a comprehensive accounting of all of the benefits
remains elusive, the costs of nature-based solutions are often found to be
negligible and without large financial outlays or environmental damage,
compared with other physical capital. Elsewhere, studies have shown that
preserving floodplains from development can reduce flood damage by
up to 78 percent, and using environmentally sensitive agricultural and
land management practices can increase water flow by up to 11 percent
(Watson et al. 2016; Abell et al. 2017). Importantly, natural capital
investments can be complementary to infrastructure. Investing in a suite
of solutions to buffer incomes from erratic rains—for example, protecting
catchment areas and forests, together with a canal or dam for irrigation—can
produce greater benefits than investing in any single one of these solutions
(Guannel et al. 2016).

WATER AS A CONDUIT FOR DEVELOPMENT
Much of the study of development economics is concerned with why some
places are poor and some are rich, which is closely related to why some
places became rich and some remained poor. Underpinning this foundational
question in development is the unfolding process of migration. It is the key
channel through which standards of living can even out across regions such
that people can take advantage of new opportunities and leave areas hit by
economic adversity.
This chapter uses historical episodes of water shocks and their relation
to migration to better understand water’s role in shaping the issues related to
this central theme within economics. It demonstrates that migration serves as
a significant margin of adjustment in response to water shocks and persistent
droughts. But it also highlights that this adjustment mechanism may not be
available to everyone. Even as a closer study of economic incentives might
predict movement in response to differences in economic opportunities
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caused by droughts, the real world is far from being “irrepressibly dynamic”
(Banerjee and Duflo 2019). It is sticky and replete with friction.
The analysis suggests that for those with the ability to migrate, migration
may have been instrumental in avoiding some of the grim outcomes of
droughts and in building insurance against water risks. However, for the
most vulnerable members of society, this option may not be available,
suggesting that migration opportunities are only open to those who have
sufficient social and economic capital. Supporting this argument, the study
also confirms that for the poor, migration options are much more available
in response to wet rainfall episodes that allow accumulation of capital and a
greater adaptive capacity to migrate.
This raises an important policy issue. Those who experience reductions
in employment opportunities or income because of drought, but who do
not have the wherewithal to move, face a double dilemma. Not only are they
the most vulnerable to the impact of water shocks on their livelihoods but
also they are the least likely to secure their livelihoods through migration.
These trapped populations are often hidden from media headlines, yet they
represent a policy concern just as serious as migration that could have much
wider consequences. The compounding of vulnerabilities could increase
demands for humanitarian assistance, add to local stress, or even ignite
conflict.
On the other hand, for those with the means to migrate, the fact that
migration in response to dry shocks is substantial is also a reflection that
other adaptation strategies, protective investments, and coping mechanisms
are not readily available to all as a means of managing with less water and
mitigating the impact of water scarcity on income. This chapter sheds light
on these issues and shows that migration responses to water shocks can
be attenuated in the presence of buffering investments in gray and green
infrastructure. The income-smoothing benefits provided by irrigation
infrastructure and forest access are able to diminish the risk of water shocks
and in turn lessen the impact of water shocks on migration, even if they
cannot eliminate the effect completely.15
But this is not true everywhere and at every time. If these buffering
investments are not managed properly it may be that in the long run their
benefits will also disappear quickly. When natural capital depletes with
persistent declines in ecosystem services and irrigation becomes unreliable,
they can no longer buffer income against droughts. There is also ever-growing
evidence of irrigation giving rise to perverse incentives, which leads to moral
hazard problems. The availability of irrigation in arid areas can create the
illusion of abundance, which increases the cultivation of water-intensive
crops that are ultimately unsuited to these regions. In these areas, irrigation
can paradoxically accentuate the adverse impacts of droughts. The end result
is increasing vulnerability that leads to even more distress migration.
This has important implications for long-term sustainability and growth.
An optimal strategy would need to balance both short-run and long-run
trade-offs. This would entail (a) improving rural productivity in the short
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run because it is often the case that the rural sector supports livelihoods for
many and negative rural sector shocks driven by rainfall shocks can spill over
to the rest of the economy (Emerick 2018); and (b) promoting resilience
of communities in the long run, especially when fixed factor supplies of a
resource such as water could limit growth. Ultimately, the costs and benefits
of policies that enable people to move elsewhere need to be considered
alongside any policies that encourage or constrain people to remain where
they are (Foresight 2011). This is particularly critical in places where people
may become trapped and increasingly vulnerable to high climate risks or
where livelihood opportunities may shrink and become less sustainable in
the longer term.

NOTES
1. There is growing recognition of this complexity in recent scholarship studying the
migration–environment relationship (see reviews by Millock 2015; Wrathall et al. 2018;
Hoffmann et al. 2020). These studies demonstrate considerable diversity in findings
and reveal the contextually specific nature of the migration–environment relationship,
which cannot be reduced to monolithic narratives.
2. Rainfall levels can have both positive and negative impacts depending on the context,
which might weaken the average estimated effect. This is less of a concern for
temperature because increases are more clearly linked with negative consequences
(Hoffmann et al. 2020).
3. Grid cells that contain cropland areas that are higher than the 95th percentile of the
country-specific cropland distribution.
4. These results are consistent with a collection of previous empirical findings that also
find adverse temperature effects having a larger impact on migration in agriculturedependent areas (Peri and Sasahara 2019; Hoffmann et al. 2020). Heat too can
amplify the potential for migration across a range of water stresses by fueling the
frequency of long dry spells, which in turn can increase the frequency of crop failure
(Wrathall et al. 2018).
5. The risk that populations may remain trapped following weather shocks is consistent
with previous empirical findings that have focused on the impacts of soil moisture
deviations in West Africa (Flores, Milusheva, and Reichert 2021), various climate
anomalies in Zambia (Nawrotzki and DeWaard 2018), repeated droughts in Thailand
and Vietnam (Quiñones, Liebenehm, and Sharma 2021), and temperature increases
on migration across the world (Cattaneo and Peri 2015; Benonnier, Millock, and Taraz
2019; Peri and Sasahara 2019),
6. Similar arguments for easing financial friction to facilitate migration have been made
for Indonesia by Kleemans (2015) and Bazzi (2017) and for India by Munshi and
Rosenzweig (2016).
7. Because the subsidy was delivered during the agricultural low season when
productivity tends to be constrained and was targeted to areas thought to benefit from
seasonal moves, the observed gains might reflect an upper bound on the returns to
urban migration (Hamory et al. 2021).
8. Prior research has shown that, on average, large irrigation infrastructure provides
a healthy boost to agricultural productivity. In most areas equipped for irrigation,
agricultural yields show little sensitivity to rainfall variability (Zaveri, Russ, and
Damania 2020).
9. Because wet shocks play a more muted role in driving migration outcomes, the results
in this section focus on the interaction between irrigation and dry shocks.
10. Global studies that focus on international migration have also found that access
to irrigation has the potential to modulate the climate–migration relationship in
developing countries (Benonnier, Millock, and Taraz 2019).
11. For analytical purposes, these relationships are examined for the entire sample of
grid cells across the baseline income spectrum to avoid sample size and power issues
arising from slicing of the data into multiple samples and the inclusion of multiple
interaction terms.
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12. Other studies have documented a similar maladaptive reaction to irrigation in specific
regions. One well-known study found that access to the Ogallala aquifer in the United
States induced a shift to water-intensive crops that increased drought sensitivity over
time (Hornbeck and Keskin 2014).
13. Migration in and of itself can also have important though complex and often ignored
impacts on forests. In some countries, migration has allowed forests to recover
or rebound as people leave rural areas and become less dependent on farming
(Oldekop et al. 2018). In others, it has reduced forest cover as remittances allowed
further expansion of cultivation (Gray and Bilsborrow 2014). The effects will vary
depending on whether migration is one-way or “circular,” how remittances are
invested, and how migration interacts with forest management regimes (Hecht et al.
2015). Teasing out the various factors remains an important area of future work.
14. This is equivalent to the 95th percentile of the global forest loss distribution in the data.
15. Although the results in this chapter demonstrate two potential buffering
strategies, other policies may also be equally as effective. Policies that reduce the
exposure of a person’s income to rainfall variability, such as social protection safety
nets, weather-based crop insurance, or incentives to grow more weather-resilient
crops, can also change a person’s calculus when deciding how to respond to
anomalies.
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CHAPTER THREE

WATER, MIGRATION,
AND HUMAN CAPITAL
SPILLOVERS
“Keep, ancient lands, your storied pomp!” cries she
With silent lips. “Give me your tired, your poor,
Your huddled masses yearning to breathe free,
The wretched refuse of your teeming shore.
Send these, the homeless, tempest-tost to me, I lift my lamp
beside the golden door!”
– Emma Lazarus, “The New Colossus”

KEY HIGHLIGHTS
• Evidence suggests that water shocks influence not only the number of
people who move, but also the skills they bring with them.
• Workers that leave regions because of dry shocks and droughts are lowerskilled than those that migrate otherwise, and have lower predicted earnings.
• These migrants and their families may still be better off because migration
allows them to adapt to risks of water variability in the absence of other
options.
• Policy response must ensure that migrants have access to the education
and resources required to improve productivity, mobility, and integration
across regions
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INTRODUCTION: THE HUMAN CAPITAL CHANNEL
Water shocks have a large influence on the productivity of farms, firms,
and families in the regions experiencing them. Floods can cause devastating
damage to local infrastructure and assets, which are costly to rebuild.
Droughts can be even more insidious, generating long-lasting losses to
households and to gross domestic product (GDP) growth through their
effects on local agricultural productivity, food security, and the health of
workers. But it is not just the regions experiencing water shocks themselves
that suffer. The impacts of water shocks on productivity are not localized
and can spill over to other regions, especially across interconnected labor
markets.
This chapter focuses on how the effects of adverse shocks spill over
across regions through the movement of workers, and their combined
human capital, across markets. It presents evidence that water shocks
influence not only the number of people that move but also the skills that
these workers carry with them. Through this channel, water availability
can influence the productivity and welfare of regions that host migrants.
Analysis of education levels of labor movements between multiple regions
across the world shows that workers that move out of regions with
lower rainfall and frequent dry shocks usually bring with them lower
skills. This translates into lower earnings for these workers and thus may
adversely affect productivity and inequality in the host communities. As
such, adverse shocks such as droughts can have economic consequences
beyond the regions that they affect immediately. Whereas the previous
chapter described the nuances characterizing the relationship between
rainfall shocks and the number of migrants, the analysis presented in this
chapter documents how rainfall can also determine the type of migrants, as
characterized by their education levels.

FROM TEMPORAL TO SPATIAL SPILLOVERS
It is well established that the human capital channel serves as an important
pathway through which the productivity effects of water shocks materialize.
Water availability in early life affects individuals’ health and education
outcomes later in life, and thus influences their earnings potential and their
contribution to GDP as adults. The effects of water shocks on productivity
can thus, surprisingly, persist over time (Maccini and Yang 2009; Hyland
and Russ 2019). Equally surprising is that the human capital channel allows
for the spillover of productivity impacts across space. This transmission of
impacts to other regions arises through the human capital channel as well—
rainfall patterns determine whether migration entails the movement of highskill or low-skill workers. The evidence described in this chapter suggests
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that differences in rainfall across regions are associated with differences in
the skill levels of migrants originating from those regions (figure 3.1 and
box 3.1).
The results reported in this chapter speak to a large body of literature
on spatial sorting of workers, which posits that human capital is central to
the connection between migration and development (Combes, Duranton,
and Gobillon 2008 Gennaioli et al. 2013; Young 2013; ). Workers with
differing skills and education levels move across regions to work in the
sectors in which they can earn the highest return on their human capital.
The most productive regions of an economy tend to host a high-skilled and
well-educated workforce, offering this group higher earnings and better
amenities (Gollin, Lagakos, and Waugh 2014; Bryan and Morten 2019).
Of particular significance is how wealth and education levels influence
the constraints and opportunities that determine migration opportunities
faced by workers.
How can water influence the type of workers who migrate? As shown in
chapter 2, rainfall shocks can influence the number of migrants originating
from a given region. Climate in general, and water availability in particular,
determine an individual’s decision to stay or move because they influence

FIGURE 3.1: Rainfall and Migrants’ Education

Emigrants’ additional years of schooling
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Source: World Bank figure based on analysis of demographic and economic data of 403 subnational regions
covering 21 developing countries from Gennaioli et al. 2014 and climate data from Matsuura and Willmott 2018.
Note: Figure 3.1 shows that (internal) migrants originating from regions with higher average rainfall levels tend
to have more years of schooling compared with the natives of their place of origin. Each bubble represents a
subnational region, and the vertical axis measures the difference between years of schooling of natives and
emigrants originating from each region. The size of the bubble is proportional to the population of that region
and only within-country migrants are considered in this analysis.
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BOX 3.1: Examining Determinants of Migrants’ Human Capital
through Census Data
Chapter 3 examines how the education levels of migrants who move out of a region
are determined by the water availability in their place of origin (determined by rainfall
variation) by using statistical evidence derived from climate and census data for
multiple regions across the globe. Because of the data required, countries included
in the analysis are those that collect census data on individuals’ migration status and
their place of origin. These censuses usually record the migrant’s previous province of
residence, allowing for the climate experienced by the migrant in the home region to
be measured. Statistical methods are then used to draw inferences from these data
regarding how rainfall-induced water availability determines the skill-composition of
migrant populations.
The first results presented in chapter 3 use such data for a large cross section of more
than 400 regions from across the world, as described in box 3.2. The average rainfall
experienced in the home region of migrants is positively related with the migrants’
education levels, and regression analysis is used to confirm that this relationship
is not driven by other confounding factors such as underlying economic and
demographic conditions. But a well-known limitation of cross-sectional regressions
is that they are prone to errors because observed relationships may be driven by
unmeasured underlying variables. The second set of results, further described in
box 3.3, dives into multiple rounds of census data from three specific countries to
ensure that the cross-sectional results hold up to scrutiny when examined by more
rigorous evaluation using panel-data econometric techniques. The availability of
multiple census rounds at a decadal frequency for these countries allows for the
examination of whether migrants moving in the aftermath of cumulative rainfall
shocks have lower skill levels than typical urban migrants in these countries. The
unpredictable nature of such rainfall shocks allows for statistical methods to credibly
identify how exogenous variation in water availability can determine whether
educated or uneducated workers migrate to other regions. Additional details of the
statistical model employed are provided in the technical appendix to this report,
available at www.worldbank.org/ebbflow.

the attractiveness of different regions and the wealth of rural households,
especially through effects on agricultural productivity. The analysis of global
data in this chapter reveals that higher rainfall is associated with migrants who
are more educated than the native population at their origin (as presented in
figure 3.1 and box 3.2). Workers that leave drier climates have lower levels of
human capital investment relative to the native population than those workers
leaving regions where rainfall is plenty. The next section digs deeper into this
question by examining the relationship in three middle-income countries.
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BOX 3.2: Rainfall, Education, and Regional Migration—Evidence
from Cross-Sectional Data
Human capital differences, coupled with mobility restrictions, are a fundamental
source of regional differences in development and productivity (Gennaioli et al. 2014;
Tombe and Zhu 2019).
To further investigate how water can shape human capital and migration, data on
internal migrants from more than 400 subnational regions from across 21 developing
countries were analyzed, alongside demographic and economic characteristics
of these regions, using socioeconomic data derived from Gennaioli et al. (2014).
These data were merged with climate data from the Center for Climatic Research
of the University of Delaware (Matsuura and Willmott 2018) to measure the average
rainfall experienced by each region over the past 100 years. The regions covered in
the sample are shown in map B3.2.1 and represent approximately 10 percent of the
world’s population. Most of the sample consists of middle-income countries, with only
52 of the regions found in low-income countries.
Analysis of these data suggests a strong positive correlation in the cross section
between the average rainfall experienced and the difference in skill between natives
and the emigrants leaving a region (see figure 3.1). The higher the rainfall, the more
skilled the emigrants tend to be relative to the native population. The data suggest that
an increase in rainfall equal to the interquartile range of this sample is associated with
an additional half a year of schooling for a migrant leaving a region. This relationship is
driven by regions in middle-income countries (where migration in response to rainfall
shocks occurs, as found in chapter 2).
Weighted linear regressions were used for the econometric analysis of this relationship,
using the population of a region as the weights (for details, see the technical appendix
to this report, available at www.worldbank.org/ebbflow). The regression specifications
control for other regional characteristics such as temperature, the size of the local
population, urbanization rate, local gross domestic product, natives’ education levels, and
country fixed effects. Regressions are weighted by the size of the region to account for the
precision of estimation using regional aggregates and to make them representative of the
average migrant in the sample. Following suggestions by Solon, Haider, and Wooldridge
(2015), the results are also confirmed to be robust to the use of alternative weights and
simple regressions for estimation.
box continues next page

79

Water, Migration, and Development

BOX 3.2: Rainfall, Education, and Regional Migration—Evidence
from Cross-Sectional Data continued
MAP B3.2.1: Regions Used in the Cross-Sectional Analysis

Source: Gennaioli et al. 2014.

WATER SHOCKS, DISTRESS MIGRATION, AND
WORKERS’ SKILLS
To gain further insight into the relationship between water, migration, and
human capital, data on urban migrants from Brazil, Indonesia, and Mexico are
examined (see box 3.3). These countries are chosen because multiple years of
recent census data are available, with records of the place of origin of internal
migrants and their education levels. This availability of data allows analysis
of how water shocks from rainfall variation over time induced changes in the
skills composition of migrants moving to urban areas. All three countries are
defined as middle-income during the surveyed period, in which results from
chapter 2 suggest that negative rainfall shocks would have increased internal
migration of workers. New analysis in this section investigates the extent to
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BOX 3.3: Drought and Rural–Urban Migration: Impacts of
Cumulative Rainfall Shocks
Although the positive relationship between migrants’ education and rainfall
levels (as described in figure 3.1 and box 3.2) is robust to accounting for regional
economic development and demographic patterns, there may still be unobservable
characteristics, such as historical context and institutional heritage, that might confound
such naïve estimates. There are many channels through which a positive correlation
between rainfall patterns and migrants’ human capital (as presented in figure 3.1)
may be observed. Years of plentiful rainfall leading to income surpluses may allow
households to save and invest more. Forward-looking families in regions with higher
rainfall may choose to invest these savings in their children’s education so as to allow
them to move to regions with better employment opportunities as adults. Over
time this could generate a positive relationship between rainfall and the education
of migrants originating from that region. However, evidence gathered for this report
suggests that dry shocks force the “distress migration” of lower-skilled workers who
would not have moved otherwise in the near term.
To investigate this, data on urban migrants observed for multiple census years (1990,
2000, and 2010) for Brazil, Indonesia, and Mexico were analyzed alongside data on
rainfall variation experienced in their region of origin when they moved (map B3.3.1).
It was found that migrants moving in response to frequent dry shocks were less likely
to have attended high school.
For each country the census data obtained from Minnesota Population Center’s IPUMS
International Version 7.3 was matched with climate data from Matsuura and Willmott
(2018). The exogenous nature of weather variability over time was then exploited
econometrically to draw causal inferences regarding the relationship between migrants’
skill level and rainfall. Panel data econometric methods used to analyze these data
suggest that migration in response to adverse rainfall shocks results in the movement
of lower-skilled workers, irrespective of local development. Specifically, for all recent
urban migrants observed in a census, the number of rainfall shocks experienced in their
home region in the five years prior to migration was recorded. The analysis of these
data alongside data on migrants’ education levels suggests that migrants experiencing
frequent dry shocks are less likely to have attended high school, when dry shocks are
defined as rainfall 1 standard deviation below the long-run average experienced in the
region. These results are robust to various econometric specifications that account for
age, origin, destination, and survey year characteristics.
box continues next page
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BOX 3.3: Drought and Rural–Urban Migration: Impacts of
Cumulative Rainfall Shocks continued
MAP B3.3.1: The Subregions of Brazil, Indonesia, and Mexico
Explored Using Census Data

Source: IPUMS International Version 7.3 from the Minnesota Population Center 2020.

which the human capital of workers who are induced to move by negative
rainfall shocks differs from that of other migrants.
Results from Brazil, Indonesia, and Mexico suggest that workers forced
to move to cities in times of frequent negative rainfall shocks bring with
them lower skills than the typical urban migrants in the region. The results
suggest that each additional year of a dry shock experienced in the five years
during which migration took place results, on average, in a 1.7 percentage
point lower probability of the migrant being a high-skilled worker (in these
cases, defined as having completed secondary schooling). Low rainfall in
three out of five years in their place of origin reduces the likelihood of urban
migrants being high skilled by 5.2 percentage points.
Successive dry shocks induce lower-skilled workers to migrate, but
years of plentiful rainfall do not appear to have a consistent effect on the
skills composition of migrants. Thus, it is the distress caused by negative
shocks in particular that induces low-skilled migration. The phenomenon
of migration in the absence of frequent negative shocks may simply
be thought of as the sorting of individuals into locations where they are
most productive and able to earn their best livelihoods. Workers who have
accumulated more skills through investments in human capital tend to be
more mobile and have more options. These workers are more competitive
in the nonagricultural sector of the economy and tend to migrate in pursuit
of higher earnings, even in times of plentiful rainfall. They move out of
fertile high-rainfall regions into urban areas or manufacturing centers to
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earn greater returns on their human capital investments. Workers with lower
skill levels stay in their home region in times of plenty, where they can earn
agricultural incomes as farmers.
Rainfall variation directly affects farmers’ incomes, and negative
shocks can be particularly stressful for the least-wealthy households with
poor access to infrastructure (such as irrigation), insurance (through credit
markets and formal markets), or alternative income sources (such as a local
manufacturing sector to work in). As shown in chapter 2, workers most
vulnerable to the productivity impact of rainfall variation are likely to move
in response to adverse climate shocks, provided they can bear the cost of
moving. These workers also tend to have lower levels of human capital and
their movement in response to adverse income shocks induced by climate
conditions is associated with lower-skill migration. Additional evidence from
India corroborates this, finding that climate migrants are selected from the
lower end of the skill distribution and from households strongly dependent
on agriculture (Sedova and Kalkuhl 2020)
In most cases, such workers will move to cities within their home country,
where they are more likely to find nonagricultural employment opportunities,
often working (and even living) in the informal sector. But such migration
can also occur across borders. Evidence suggests that droughts in Mexico are
associated with increased migration to locations in the United States where
strong migrant networks exist. Nevertheless, more educated individuals are
less likely to engage in such migration, possibly because they have better local
diversification opportunities (Hunter, Murray, and Riosmena 2013).

PRODUCTIVITY, GROWTH, AND WELFARE
The implications of drought-induced migration for the productivity of
cities and the larger economy are ostensibly different from other kinds
of migration. Estimates from the data described in box 3.1 suggest that a
reduction in rainfall from the 75th to the 25th percentile of this sample
(that is, equivalent to the interquartile range) would imply 3.4 percent
lower earnings for these migrants, reflecting lower productivity of the
low-skilled migrants in the labor markets to which they move.1 The lower
productivity of migrants escaping dry conditions may have negative effects
on the growth of per capita incomes in their host regions. City growth
driven by such migration may not necessarily be conducive to further
economic growth, and drought-induced migration may in fact be one of
the factors leading to the phenomenon of urbanization without growth
that has been documented by researchers (Fay and Opal 1999; Gollin,
Jedwab, and Vollrath 2016). Evidence from Indonesia, for instance, shows
that rainfall-induced internal migration tends to reduce employment and
wages of low-skilled native workers in the host region (Kleemans and
Magruder 2018).
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Also, lower-skilled migrants are more likely to live in informal
housing with poorer access to amenities (Niu, Sun, and Zheng 2021).
Seasonal migrants often live in slums or are hosted by extended family
networks. Their presence can be perceived by natives as adding stress
on local amenities, public resources, and employment opportunities
in their host regions, which in developing countries are often already
struggling to provide for locals. In addition, the stress on local amenities
may reduce property values in neighborhoods that house low-skilled
immigrants, and such reduction can persist for decades as a result of
the vicious cycle of low-skilled migration that is triggered because of
the poorer amenities. For instance, evidence from Ambrus, Field, and
Gonzalez (2020) suggests that the sorting of lower-skilled workers into
cholera-affected neighborhoods in the aftermath of the 1854 Broad
Street outbreak in London resulted in 15 percent lower property values
10 years later, and the differences persisted for up to 160 years to the
present day. Perceptions of such impacts, although not necessarily always
true, are often a source of animosity toward migrant populations (Card,
Dustmann, and Preston 2012; Tabellini 2020).
Despite the potential adverse consequences for productivity and
inequality in the host regions, it is difficult to make broader claims
regarding how the migration of low-skilled workers induced by dry
shocks affects broader welfare. At a macro level, mobility restrictions
are a source of significant losses in overall national productivity (Tombe
and Zhu 2019). In the absence of the choice to migrate, the families of
such migrants may have been pushed below subsistence levels in their
agricultural homes. The households sending migrants to cities in times
of low rainfall rely on their remittances to pay for their needs in the
absence of sufficient agricultural incomes (Lucas and Stark 1985; Black,
Arnell, and Dercon 2011).
Arguably, the suffering averted in the home regions by the decision
to migrate could be deemed worth the costs to productivity in the host
region. For example, evidence from the experience during the Dust
Bowl in the United States suggests that migrants escaping drought-hit
regions had lower levels of education, but workers’ ability to move out
of rural areas limited the overall impact of the environmental collapse
on the average wages of workers (Hornbeck 2020). In addition, evidence
suggests that in the large cities a certain supply of unskilled workers is
necessary to meet the labor demand created by the presence of the higherskilled workers, for example to do jobs in the restaurant and construction
industries within a city (Eeckhout, Pinheiro, and Schmidheiny 2014).
Thus, the flow of skilled workers has the potential to be either a bane or
a boon, depending on circumstances, and welfare claims are difficult to
make without careful consideration of the context in question and its
intricacies.
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ADAPTATION STRATEGIES, ADJUSTMENT
CHANNELS, AND REGIONAL SPECIFICITIES
In the absence of access to insurance and credit markets, migration may be
an important coping strategy for households to buffer themselves against
fluctuations in income induced by rainfall variability. The migration of lowskilled workers can be an important labor market adjustment mechanism,
preventing agricultural wages of the poorest workers from falling too low.
When few employment opportunities in agricultural areas exist, seasonal
migration to urban areas provides an outlet for surplus labor during lean
seasons. Longer-term emigration patterns observed in regions can be the
result of the native population adapting to the risks inherent in agricultural
economic activity due to climate or water variability.
Just as wealth generates differences in ownership of assets and in access
to infrastructure that helps cope with weather variability, households’ wealth
also determines the ability to incur the costs of migration (Jayachandran
2006). The poorest households may be unable to employ migration as a
coping strategy because of their inability to afford the costs and risks
associated with migration, rendering them “trapped.” Evidence suggests that
easing fiscal constraints on the ability to incur migration costs by providing
small loans or cash transfers causes households to send members to urban
areas to cope with scarcity during the lean season (Bryan, Chowdhury, and
Mobarak 2014).
Investments in education also determine the “profitability” of using
migration as a coping mechanism, provided the direct costs of migration
can be covered. Better-educated individuals are more likely to get jobs when
they move to the city and thus can send back remittances to support the
household members they leave behind. In fact, the prospects of skilled
workers earning higher wages in urban areas may induce investments in
schooling by households in the sending regions (Stark and Wang 2002).
The migration of educated members, both seasonal and more permanent,
allows rural families to diversify portfolios and reduce the risks of weatherinduced fluctuations in household income. In line with this, evidence from
Ethiopia suggests that households in areas with higher rainfall variability
invest more in their children’s education (Colmer 2019). In the face of a
changing climate, investments in a portable asset such as human capital,
which is not tied to a location, may be households’ optimal approach to
dealing with climate variability (Hallegatte et al. 2014).
Regional differences in the availability of opportunities outside
of the agricultural sector can also be important. The availability of local
manufacturing sector employment opportunities may allow an alternative
in which farmers can work during dry seasons (Blakeslee, Fishman, and
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Srinivasan 2020). If such opportunities are available, they may reduce outmigration of unskilled workers from these regions during times of stress.
Consistent with this, the data suggest that the education of migrants and
rainfall are not correlated for regions where large cities, and hence local
nonagricultural employment opportunities, are present (figure 3.2).

FIGURE 3.2: Migrant Skills and the Presence of Large Cities
a. Migrants’ Education and Rainfall in Regions
without Primate Cities
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relative to native population

6

4

2

0

−2
4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

Mean annual rainfall, in logarithmic form

Emigrants’ additional years of
schooling relative to native population

b. Migrants’ Education and Rainfall in Regions
with Primate Cities
5
4
3
2
1
0
−1
−2
5.5

6.0

6.5

7.0

7.5

8.0

Mean annual rainfall, in logarithmic form
Source: World Bank figure based on analysis of demographic and economic data from Gennaioli et al. 2014 and
climate data from Matsuura and Willmott 2018.
Note: This graph plots the same data as shown in figure 3.1, separately for the regions that contain primate cities
(largest three cities of a country) and those that do not. The relationship between rainfall and migrants’ skills
is seen to exist in regions where large cities are not present because the presence of big urban areas is likely
accompanied by local employment opportunities that discourage out-migration.
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IMPLICATIONS FOR DEVELOPMENT POLICY
The presence of potential negative impacts of low-skilled migration on
receiving regions and city growth suggests that the indirect social costs
of negative rainfall shocks may be larger than the direct impacts. The
spatial spillovers on the productivity of regions beyond those directly
experiencing rainfall shocks may provide a rationale for channeling
national resources toward investing in regional infrastructure projects, the
restoration of natural capital, and social safety nets that buffer agricultural
workers against weather variability. Particularly useful may be approaches
such as adaptive safety nets or index-based insurance programs that
can help build resilience to the effects of climate change. Mobarak and
Rosenzweig (2013) find that the responsiveness of migration to rainfall is
attenuated when workers are offered an index-based insurance contract.
Similar arguments can be made to make the case for water storage capacity
and nature-based solutions integrating green and gray infrastructure in
agricultural areas to smooth the effects of temporal variability in rainfall.
As shown in chapter 2, under certain conditions, such solutions can help
build the resilience of farmers against weather variability and reduce
incentives to migrate. By reducing distress migration, these solutions may
also ensure that a sustainable form of urbanization takes place, one that is
conducive to growth and leverages the sorting of workers into the regions
where they can be most productive.
Nonetheless, migration is still an effective adaptation strategy for
building long-term economic resilience to environmental change (Black,
Arnell, and Dercon 2011; Hornbeck 2020). Existing evidence suggests
that in some cases, providing agricultural households with the resources
needed to migrate may provide much needed respite for financially
constrained rural households. This may be a policy lever to consider
in addition to other avenues such as provision of insurance and access
to credit markets. It may be cost-effective to provide households with
the cash transfers and microcredit loans needed to help them cover the
costs of sending a migrant to urban areas in the lean season (Bryan,
Chowdhury, and Mobarak 2014). But policy makers would need to
evaluate this alongside the potential costs of inducing the movement of
low-skilled workers to cities.
Moving to urban areas also allows workers to gain from the experience
of living in urban areas. Workers experience growth in their wages after
they have spent time living in cities, irrespective of their skill levels (Glaeser
and Mare 2001; D’Costa and Overman 2014). And the “push” offered by
water shocks might improve the wages of migrants and their families in
the long run (Sarvimäki, Uusitalo, and Jäntti 2019). This suggests a strong
argument in favor of the integration of low-skilled migrants into their
host regions by removing barriers to mobility and ensuring access to basic
services. To maintain public health, sufficient water supply and sanitation
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infrastructure must be in place in the dense settlements that are likely to host
low-skilled migrants. Low-skilled migrants are also willing to pay for these
basic services. In Brazil, migrant workers earning a minimum wage were
found to be willing to pay R$390 per year to have access to better health
services, R$84 for better access to sewage services, and R$42 for better access
to electricity (Lall, Timmins, and Yu 2009).
More broadly, better accounting for the human capital dimension
would allow policy makers to harness the power of migration toward
the productive reallocation of labor for long-term growth. But caution is
also warranted when considering policy responses. It may be tempting to
consider, for instance, place-based policies as a promising tool for building
national resilience if they provide an outlet for surplus labor during
times of low rainfall or drought while keeping urban areas safe from the
productivity impacts of low-skilled migration. But the costs and benefits of
such policies need to be weighed carefully because investments in lagging
regions must be sufficiently targeted to ensure that the expected benefits
outweigh the high costs that can often arise from misallocation. Poorly
targeted investments may disincentivize the productive migration of highskilled workers into regions where they could make higher contributions
to GDP. Thus, accounting for the interplay between migration and human
capital is at the heart of the issue of ensuring efficient spatial allocation
of labor across sectors in the face of climatic variability and increasing
urbanization rates.
Perhaps the link between migration, climate adaptation, and
human capital provides additional impetus to invest in the expansion of
schooling infrastructure. If households are willing to invest in children’s
education to diversify their income portfolio in regions with high rainfall
variability, it may be prudent to prioritize rural education investment
in such areas. Such investments would ensure that if these children
migrated as adults, they would carry competitive skills to the cities and
regions they move to. Investing in human capital because of its portable
nature would allow for higher returns for workers irrespective of whether
they choose to stay in or leave their home region and can be a potent
tool to accelerate the process of structural transformation (Porzio, Rossi,
and Santangelo 2020). Policies aimed at investing in people rather than
in places while increasing economic integration and mobility stand the
best chance of incentivizing better allocation of human capital resources
across regions.

NOTE
1. These estimates are based on returns of 8 percent per year of education, as found by
Kraay (2019).
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CHAPTER FOUR

THE COST OF DAY
ZERO EVENTS
“We shape our buildings; thereafter, they shape us”
—Winston Churchill

KEY HIGHLIGHTS
• Day zero events, whereby water supplies in cities are weeks or days
from running out, are becoming more frequent as migration-driven
urbanization occurs at unprecedented rates and water supplies become
more variable due to a changing climate.
• Although these events are concerning for many reasons, their economic
impact was unknown—until now. This chapter presents new research
that quantifies this impact and presents a discussion of solutions for
reducing their propensity to occur.
• These events are found to be far more frequent than media reports
have indicated, and the most extreme events can cost a city up to a
12 percentage point loss in gross domestic product.
• Although in some cases supply expansion through infrastructure (such as
desalination plants) will be critical, truly solving this problem in the long
term and in an efficient manner will require demand-side management.
This will include both scarcity pricing of water and technological
solutions that reduce water use within homes and businesses.
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A HISTORICAL PERSPECTIVE ON DROUGHTS
AND CITIES
For thousands of years, the Mayan civilization and other Mesoamerican
societies dominated the landscape of the greater Yucatan peninsula in
current-day Mexico and Central America. Great cities of over 100,000
residents sprang up along the coast and in the jungles of the peninsula,
some of which remained inhabited for more than 2,000 continuous years
(Sharer and Traxler 2006). Inside these cities complex societies arose, with
written language, calendars based on celestial observations (Smiley 1960),
and complex architecture that still stands after 1,500 years (Cobos and
Winemiller 2001).
Around 900 CE, the archeological record shows the beginning of
a dramatic change. Cities that had been growing in population suddenly
started to shrink, while other cities, particularly those in the southern
lowlands, became abandoned entirely (Douglas et al. 2015). The reason for
the sudden collapse of these pre-Columbian Mesoamerican civilizations has
been hotly debated by historians and archaeologists. Numerous explanations
have been offered, including endemic warfare and overpopulation. Recently,
a series of studies based on new paleoclimatic data have pointed to a new
explanation—environmental degradation and drought (Bhattacharya et al.
2015; Douglas et al. 2015).
The city of Cantona, east of present-day Mexico City, is particularly
interesting because of its rapid rise and fall. It is believed that migrants from
the surrounding area started to move to Cantona because of increasing
aridity, especially in the north (Evans 2008), causing the city to swell to
about 90,000 inhabitants by 700 CE. That growth was short-lived, however,
as the climate continued to change in the surrounding area, impacting
the city itself. By 900 CE, internal unrest catalyzed by water and resource
scarcity caused the population to collapse. By 1050 CE, fewer than 5,000
occupants remained (Bhattacharya et al. 2015).

LEARN FROM THE PAST OR BE DOOMED TO
REPEAT IT
Could a modern-day city suffer a similar fate to Cantona? Such a fate is
as unthinkable as it is unlikely. Nevertheless, the convergence of several
headwinds is putting stress on global urban water supplies and threatening
the sustainability of many of the world’s great cities. Increased per capita
demand for water is partially to blame, with urban demand for water in
2050 expected to be 80 percent higher than it is today (Flörke, Schneider,
and McDonald 2018). In addition, alteration of the global hydrologic cycle
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due to climate change is leading to an increase in the number of extreme
episodes, making water supplies less predictable. Perhaps most critically,
unprecedented urbanization rates are causing cities to expand faster than
water and other critical services can keep up, in many cases.
As shown in chapter 2, much (though certainly not all) of this
urbanization is driven by water deficits in rural areas, driving former
agricultural workers into cities in search of better opportunities. Cities
have long attracted migrants for many different reasons; they tend to offer
more services and amenities, new job opportunities and a chance to earn
a higher wage, and protection against the vulnerabilities of rural life. In
sum, economists have referred to this urban attraction as the lure of “bright
lights.” It is this lure that has allowed cities to become places of concentrated
dynamism, where economic growth can compound and livelihoods can
flourish. But there is a risk that these bright lights could begin to fade if
urban areas cannot maintain adequate levels of services in the face of growing
water resource constraints. Already, 30 percent of global urban residents live
in areas classified as slums (World Bank 2018), where access to basic services
such as piped water and safely managed sanitation is precarious at best.
And even in urban areas, poorer residents, for example new migrants, are
forced to live in areas that are more prone to natural hazards such as floods
(Hallegatte et al. 2016).
Most studies concerning the water–migration–development nexus focus
on the impacts of water shocks in rural areas and their influence on driving
rural-to-urban migration. As the results in chapters 2 and 3 demonstrate,
these are critical issues that are well worth examining. Nevertheless, it is often
assumed that urban areas, due to their superior infrastructure, are immune
to such impacts and that they can weather most droughts or extended water
deficits with little cost. This chapter explores new research that digs deeper
into the question of what happens when urban areas, which are typically the
receiving regions for migrants, experience water deficits.
The last few years have seen several major cities approach “day zero,” the
day when water taps for citizens and businesses will be shut off because of a
lack of water. In 2015, São Paulo, Brazil, a city of nearly 22 million people,
came as close as 20 days to running out of water. This event came on the
heels of an unprecedented drought, during which the Cantareira dam system,
which is responsible for providing water to nearly 10 million residents, saw
flows reduced by 75 percent for two years in a row (Kotzé 2018). Similarly,
in 2018, three years of drought set Cape Town, South Africa, on the brink of
reaching its own day zero. The date of April 12, 2018, was estimated as the day
that the municipal water supply would fail. Water use was severely restricted
and contingency plans were drawn up for residents to collect their daily water
allocation from 200 points across the city (Alexander 2019).
One year later, Chennai, a growing southern Indian metropolis and
home to 11 million people, was the next city to grab international attention
for yet another day zero event. Three years of deficient monsoon rainfall had
left three of the four main reservoirs of the city completely dry, with the
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fourth at less than 1 percent capacity. The Chennai event was particularly
surprising because it was sandwiched between two extreme flooding events,
one in December 2015 and another in summer 2019 that was the strongest
in more than 25 years (NDTV 2019), thus exposing the fragility of a water
system that relies primarily on a set of small reservoirs with limited storage
capacity.1 Still, difficult trade-offs exist in such highly urbanized areas, where
new reservoirs cannot be built without displacing many people.
What these three events have in common is that in each case the city
never actually reached day zero. Significant stopgap measures were put in
place to fend off total reservoir depletion before renewed rainfall finally
started to refill the reservoirs. In São Paulo, financial incentives were used
to reward utility customers who reduced their water usage. These incentives
were also coupled with water use restrictions, reductions of hydropower
reserves, and the use of backup groundwater supplies (Ritter 2018). In Cape
Town, efforts to ward off day zero included significant curtailment of water
used in agriculture around the city, as well as significant restrictions placed
on municipal water use, whereby residents were restricted to 50 liters per
day (Arcanjo 2018; Booysen, Visser, and Burger 2019). In Chennai, water
was sourced from the city’s outskirts, often at the expense of uncompensated
farming communities, and from tanker trucks that were deployed to carry
millions of liters from faraway cities to stem the shortage (Varadhan 2019).
Despite the fact that day zero was not actually reached in these cities,
large economic and social costs doubtlessly resulted. Water use restrictions
place burdens on households by increasing the time and cost of household
production, particularly for those of lower income who are less able to adopt
low-water-use technologies (Renwick and Archibald 1998). Residents may
turn to water from tankers, which can be of questionable water quality and
lead to the spread of illnesses (Choudhury 2019). As in the case of Chennai,
cities may even find themselves in competition with agricultural water users,
which can inflame tensions and conflicts between the urban and agricultural
sectors. It can also place significant burdens on businesses, which see their
costs rise and productivity decline when water supply becomes less reliable
(Islam and Hyland 2019). Finally, one may conjecture several other impacts.
For instance, businesses, particularly those in water-intensive industries
such as manufacturing, may be less willing to make investments in cities
where water supplies are less reliable. Also, individuals may be less willing to
migrate into cities if they expect that water supply issues will continue into
the future.
Although day zero events in these three major cities grabbed international
headlines, their water scarcity challenges are not unique (table 4.1). Indeed,
according to the World Resources Institute’s Aqueduct water risk indicator,
17 countries, which are home to 25 percent of the world’s population, are
under extremely high water stress.2 Many cities in India only have municipal
water available for a few hours a day. For instance, Shimla, a city in northern
India, has outgrown its water supply and faces water supply shortages nearly
every summer (Singh and Kandari 2012). Pockets of extreme water stress can

94

Chapter Four : The Cost of Day Zero Events

manifest even in countries with relatively abundant resources. In the United
States, between 2012 and 2016, California experienced an unprecedented
drought, prompting the State Water Resources Control Board to impose
mandatory water use reductions on more than 400 large urban water districts
(Pérez-Urdiales and Baerenklau 2020). Drought reportage also tends to be
far more common in large cities, despite the fact that medium-size and small
cities tend to be highly vulnerable (Singh et al. 2021)
Determining the costs of these events is critical for planning solutions,
particularly as their frequency and intensity are likely to increase, given
unprecedented urbanization rates and climate change. In certain regions, a
warming world could not only make such rare and extreme events become
commonplace by the end of the century, but in a worst-case scenario could
also make them 100 times more likely (Pascale et al. 2020). In addition,
as global warming occurs, cities will warm faster than surrounding regions
because of their design and density, leaving them at greater risk of heat stress
and water scarcity (Zhao et al. 2021). This chapter, therefore, presents new
research that attempts to quantify the economic impact of these day zerolike events on global cities at a macroeconomic level. To do so, it uses a new
global data set that links urban water supply sources with cities, allowing
identification of when cities are experiencing large water deficits.

THE IMPORTANCE OF WATER FOR GROWTH
Although no study has yet examined the impact of day zero events, there
is a growing body of evidence that water scarcity can have significant and
long-term economic impacts. By exploiting granular data on local water
availability, this literature has documented both direct and indirect impacts
of rainfall variability or water availability on socioeconomic outcomes. For
instance, several studies utilizing high-resolution geospatial data on gross
domestic product (GDP) with rainfall and runoff measures have shown that
moderate to large deviations in water availability cause economic growth
to decline (Damania, Desbureaux, and Zaveri 2020; Russ 2020). These
studies suggest that such effects materialize through impacts on agricultural
productivity and hydropower generation. Other studies that exploit survey
data on workers and firms show that unreliable water supplies and water
shortages adversely affect productivity by reducing workers’ incomes,
inducing lower sales for firms, and worsening health outcomes (Desbureaux
and Rodella 2017; Islam and Hyland 2019).
These results are in contrast to a more extensive and slightly older
literature on weather and economic growth that has often found significant
impacts of temperature on growth, but not of rainfall (a review of this
literature is available in Dell, Jones, and Olken 2014). These studies tended
to examine impacts across large geographic regions, often using averages of
temperature and rainfall at the country and annual scale. They therefore
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Table 4.1: Drought Events in Major Urban Water Supply Systems
Event

Type of mitigation
measures taken

Evidence of impact

Algiers, Algeria
(2000–02),
experienced its
worst drought since
at least the 15th
century.

Water was delivered
by tankers to the most
affected areas. The city
also increased reliance
on groundwater by
drilling 40 new wells, and
implemented interbasin
transfers by connecting
the city’s network to three
dams located more
than 100 kilometers
to the west. Finally,
several small-scale water
desalination stations were
constructed.

All of the dams supplying
Algiers were in the “dead
band,” with critically low
levels of water.

An interbasin transfer
(Dianzhong Water
Diversion Project) was
implemented which cost
¥70 billion.

During the drought
period 2009–11, 120
medium-size and small
rivers did not have
flowing water and 400
small reservoirs, dams,
and ponds dried up.

Kunming, China
(2009–11), suffered
the worst drought in
Yunnan province in
many years that was
exacerbated by the
destruction of forest
cover and a history
of poor water
management.

Sources

In three successive years
(2002–04), there were
riots in front of state
buildings in Algeria
in response to water
shortages.

FAO 2018, table 5
Ait-Aoudia and
Berezowska-Azzag 2016,
figure 3
Touchan et al. 2008
Kettab et al. 2004
Ward and Ruckstuhl
2017, p. 63
IATP 2002

Qiu 2010
Scally 2016
Wu et al. 2015
Jia and Anfei 2010

From January to June
2013, water resources
were available for urban
residents only at specific
time slots.
Hydropower generation
dropped 50 percent.

Quetta, Pakistan
(1998–2000),
experienced
below-normal rains
(triggered by a La
Niña event) that
resulted in a 30
percent reduction in
rainfall over a twoyear period.

Deep tube wells were
installed to meet the
immediate water
requirements.

Istanbul, Turkey
(2006–08), suffered
its lowest rainfall in
the past 50 years.

Phase I of the Melen
Water Supply Project was
accelerated; the project
was due in 2009 but
was completed in 2007
because of the drought.

Surface reservoirs
(Spin Karez) dried up
completely.

Naz et al. 2020, table 3
Quetta District
Government 2011

At least 1.2 million
people in Balochistan
were affected by
drought, and more than
100 people died.

Khan, Selod, and
Blankespoor 2019
New Humanitarian 2010

There was an increased
incidence of CrimeanCongo hemorrhagic fever.
Capacity of the city’s
water reservoirs declined
to 25 percent.

Istanbul Water
and Sewerage
Administration 2012
Farooq 2018

table continues on next page
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Table 4.1: Drought Events in Major Urban Water Supply Systems (Continued)
Event

Type of mitigation
measures taken

Conakry, Guinea
(2002–04),
experienced the
most severe drought
in Guinea’s recorded
history.

There is no evidence
of mitigation measures
taken.

Tegucigalpa,
Honduras
(1999–2001),
recorded extremely
dry Standard
Precipitation Index
values across the
country, which
signaled extensive
dry conditions.

The city increased
reliance on groundwater.

Mombasa, Kenya
(2005–06), a
city with high
vulnerability to
drought, was hit by
an extended period
of drought.

The city increased
reliance on groundwater.

Fortaleza, Brazil
(1996–98),
experienced its
third driest year on
record.

There is no evidence
of mitigation measures
taken.

Evidence of impact
The two hydroelectric
dams supplying the
capitol with water nearly
ran dry and hydropower
generation was stalled.

Sources
New Humanitarian 2003
Bah, Diallo, and Morin
2007

Most of the city’s
2 million inhabitants went
without electricity or
water for six months.
Water rationing (six
hours per day only) was
implemented and water
tankers were brought in
to supply water.

UNESCO 2018
CEPAL 2002

The water utility saw
significantly reduced
revenues, impacting
service provision.
Because women
spent significantly
more time looking for
water, time allocation
and productivity were
affected.

Comte et al. 2016
Awuor, Orindi, and
Ochieng Adwera 2008

Food prices increased,
which exacerbated
food insecurity and
malnutrition, especially
among poor city
residents.
Following the 1998
drought, there was
a Dengue outbreak;
research links droughts
with higher potential for
such outbreaks.

Pontes et al. 2000
Costa et al. 2016

suffer from the fact that water availability is highly localized. For instance,
it is quite common that one part of a country can be undergoing a drought
while another part has abundant water. An important lesson from this work
is that it is critical to account for this localized nature of water availability
when studying the impacts of water. Particular care needs to be taken when
looking at cities because it is often the case that water is transported over
great distances to supply a city. Thus, a drought far away from a city can have
profound impacts, while a drought just outside of the city, or even within
the city itself, may be benign.
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QUANTIFYING THE COST OF DAY ZERO–LIKE EVENTS
Building on the lessons from prior studies, a new approach was developed to
analyze the economic impact of day zero-like water scarcity events in cities.
To do so, a global database was assembled that links urban areas with their
specific water sources. This unique data set from the Nature Conservancy
and McDonald (2016) links global cities with the locations from which
they receive their municipal water supplies. It gives the location and name
of water sources for more than 500 medium and large cities in the world.
The water points identified by the Nature Conservancy and McDonald
(2016), and the cities they link to, are used to identify when cities are likely
to be experiencing a water supply shock. This is done by overlaying a global
database of historical weather from Matsuura and Willmott (2018) on top
of the water points data. By looking into the past and examining what the
typical rainfall is around these water points, it is possible to identify years in
which rainfall is significantly below average. When several of these years are
stacked together, it becomes likely that the water points are experiencing a
prolonged drought, and the city is therefore facing a water shortage. Thus,
the same “rainfall shocks” that are used in prior chapters can identify urban
“water shocks,” where cities are likely experiencing reduced water supplies.
Details of how these water shortages are identified are explained in box 4.1.
Finally, econometric analysis is used to estimate the impact of these shocks
on city-level growth.

BOX 4.1: The Resilience of Urban Water Systems
Urban water systems around the world are designed to cope with droughts of varying
frequency, lengths, and severity. It is neither practical nor affordable to design a system
capable of providing water through any possible length of drought, so water supply
systems are typically planned to meet a design standard, expressed as a return period
(for example, maintain supplies without any restriction on use through a drought with
a return period of 1 in 50 years) (Watts et al. 2012). There is no formula or standard
engineering prescription to setting the “design” drought. The standard comes down
to a typical risk-based trade-off between what the water utility or community in
question is prepared to accept in terms of the frequency, severity, and duration of
water use restrictions associated with drought and what they are prepared (or able) to
pay to avoid these restrictions (Erlanger and Neal 2005).
Although the length of the “design” drought that urban water systems can handle
varies depending on context, worldwide experiences show that long droughts lasting
three or more years are typically more taxing for water supply systems. As shown in
box continues next page
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BOX 4.1: The Resilience of Urban Water Systems continued
table 4.1, recent droughts in urban areas that resulted in major water use restrictions
(such as cuts or countdowns) lasted three or more years. This is confirmed by Buurman,
Mens, and Dahm (2017), who analyze impacts and responses in 10 cities that have
faced drought since 2010, and show that most cities start imposing severe water use
restrictions following two dry years.
Adopting this three-year period as a rule of thumb, the analysis calculates how much
rainfall has deviated from long-run averages over each three-year period for each
water point. This is done through the use of a z-score, which measures, in a particular
year, the number of standard deviations rainfall deviates from the long-run average
dating back to the year 1900 (for instance, a z-score of −2 standard deviations means
that rainfall in that year is 2 standard deviations below the long-run average, which
marks a year with a significant rainfall deficit that is only expected to occur two or three
times every century). Summing these z-scores over three years allows a year of rainfall
deficit to be canceled out if the following two years have significantly above-average
rainfall. This is critical, as positive rainfall deviations, or wet water shocks, can replenish
water storage facilities and mitigate urban water supply shocks. At the same time, if
there are multiple years with significant rainfall deficits, these deficits will stack, and the
calculation will record a very deep three-year water deficit for that city.
The Nature Conservancy and McDonald (2016) data set contains data on all water
points for cities, and cities in the data set have anywhere between 1 and 28 water
source points. Because the analysis is looking at rainfall, only surface water points
(reservoirs, lakes, dams, rivers, and canals) are included in this study. Thus, cities that
receive their water supplies strictly from groundwater sources or desalination plants
are removed. The resulting sample is 171 cities in developing countries that have at
least one surface water supply point. For cities that have multiple surface water supply
points, the z‑scores for each of the supply points are first averaged by year, and then
the three-year sums are calculated.

Before proceeding, it is instructive to see how these water deficits are
distributed around the world. Map 4.1 plots the locations of all cities in
developing countries in the database. The size and color of the dots indicate
the deepest water deficit that the city experienced from 1992–2013 (the
time period of the study). Red dots indicate large and sustained rainfall
deficits with a cumulative z-score of less than −6 standard deviations (SD).
This means that rainfall deficits were, on average, at least 2 standard deviations
below the long-run average in each year over the three-year period. This is
quite a large and prolonged shock, which will undoubtedly put stresses on
the city’s water supply. And yet, at least six large cities have experienced
such a shock between 1992 and 2013. Note that cities facing large deficits
99
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Source: World Bank map based on analysis using weather data from Matsuura and Willmott 2018 and data on urban water sources from The Nature Conservancy and McDonald 2016.
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are relatively spread out throughout the developing world, though there are
clusters of cities facing large droughts in South Asia, Central America, and
northern South America. Notable omissions here are São Paulo, Cape Town,
and Chennai because these droughts occurred after 2013, when the data set
ends. Table 4.2 shows this in an alternative way, listing the full set of threeyear periods when water deficits were greater than −4 SD.3
Table 4.2: Cities Facing Largest Three-Year Water Deficits
Period

Country

City

Water
deficit
magnitude
(3‑year
z-score)

Period

Country

City

Water
deficit
magnitude
(3‑year
z-score)

2003–05

Guinea

Conakry

−7.25

2004–06

Indonesia

Jakarta

–4.75

2002–04

Guinea

Conakry

−7.15

2002–04

Guatemala

Guatemala City

–4.72

Cameroon

2001–03

El Salvador

San Salvador

−6.62

2003–05

1995–97

Vietnam

Ho Chi Minh City

−6.52

1999–2001 Pakistan

Yaoundé

–4.72

Quetta

–4.68

2007–09

Yemen, Rep.

Sanaa

−6.43

1992–94

Indonesia

Samarinda

–4.65

2007–09

Venezuela, RB

Barquisimeto

−6.24

1995–97

Indonesia

Jakarta

–4.64

2001–03

Guatemala

Guatemala City

−6.15

1992–94

Brazil

Manaus

–4.61

2000–02

El Salvador

San Salvador

−5.93

1992–94

Bangladesh

Dhaka

–4.61

1994–96

Congo, Dem. Rep.

1999–2001 El Salvador

Lubumbashi

−5.90

1997–99

Indonesia

Jakarta

–4.51

San Salvador

−5.88

1997–99

Indonesia

Samarinda

–4.49

2004–06

Guinea

Conakry

−5.76

2008–10

Venezuela, RB

Barquisimeto

–4.47

1996–98

Indonesia

Jakarta

−5.64

2000–02

Burkina Faso

Ouagadougou

–4.33

1997–99

El Salvador

San Salvador

−5.63

1997–99

Guatemala

Guatemala City

–4.32

2008–10

Yemen, Rep.

Sanaa

−5.61

2006–08

Turkey

Istanbul

–4.31

1996–98

Indonesia

Samarinda

−5.54

1999–2001 Mexico

Guadalajara

–4.26

2009–11

Yemen, Rep.

Sanaa

−5.48

2008–10

Abuja

–4.25

Nigeria

2002–04

Indonesia

Jakarta

−5.45

2010–12

China

Kunming

–4.23

2009–11

Nigeria

Abuja

−5.32

1996–98

Vietnam

Ho Chi Minh City

–4.19

2002–04

El Salvador

San Salvador

−5.17

1997–99

Brazil

Campinas

–4.18

2005–07

Yemen, Rep.

Sanaa

−5.14

1992–94

Colombia

Bogota

–4.18

1999–2001 Honduras

Tegucigalpa

−5.13

1992–94

Romania

Bucharest

–4.16

2002–04

Solapur

−5.13

2002–04

Mozambique

Maputo

–4.15

Indonesia

1992–94

Bangladesh

Rajshahi

−5.09

1998–2000 El Salvador

San Salvador

–4.12

2003–05

Indonesia

Jakarta

−5.05

2001–03

Maputo

–4.11

Mozambique

2000–02

Honduras

Tegucigalpa

−4.96

2000–02

Algeria

Algiers

–4.09

2001–03

Indonesia

Solapur

−4.91

2007–09

Iraq

Mosul

–4.07

2006–08

Venezuela, RB

Barquisimeto

−4.88

1999–2001 Guatemala

Guatemala City

–4.04

2009–11

China

Kunming

−4.87

1993–95

Tunis

–4.03

2006–08

Yemen, Rep.

Sanaa

−4.86

Tunisia

Source: World Bank calculations based on analysis using weather data from Matsuura and Willmott 2018, and data on urban water
sources from The Nature Conservancy and McDonald 2016.
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Comparing these water deficits against documented records of droughts
shows that they correctly identify major droughts that occurred during the
time period in question. For instance, the largest dry episode in the sample
was for the city of Conakry, Guinea, from 2002 to 2005, which overlaps with
the most severe drought in Guinea’s recorded history (OCHA 2003); a very
severe drought in Central America in 2001 impacted El Salvador, Guatemala,
and Honduras (OCHA 2002); widespread droughts in Vietnam occurred in
the late 1990s (Thilakarathne and Sridhar 2017); and the Republic of Yemen
was significantly impacted by drought from 2007 to 2009 (Miyan 2015).
The major urban droughts identified in table 4.1 overlap with this list, giving
confidence that the methodology employed here is indeed identifying water
deficits that resulted in significant urban impacts.
To measure the impact of these water deficits on year-over-year growth
rates of urban GDP, a statistical technique for causal identification is used.
Changes in the luminosity of nighttime lights, which have been consistently
linked to changes in GDP at the subnational level (Henderson, Storeygard,
and Weil 2012; Storeygard 2016), are used to measure changes in economic
activity. Urban boundaries based on the presence of a contiguous builtup area (Khan, Selod, and Blankespoor 2019) are used to determine the
geographic extent of cities, within which changes in nighttime lights are
measured. More details are given in box 4.2.

BOX 4.2: Measuring the Impacts of Water Deficits on Economic
Activity in Cities
The main empirical strategy for estimating the impact of water deficits on economic
activity is predicated on the fact that rainfall and therefore water supply shocks are
exogenous and consequently unpredictable with respect to urban growth. A statistical
model is used to test how the growth of nighttime lights, a proxy for economic
activity, changes in years following large water supply shocks. By controlling for other
factors that may affect urban growth rates—like time invariant city characteristics,
country characteristics, contemporaneous weather within the city, and time trends—
the impact of the water supply shocks on urban growth can be isolated. And given
the unpredictable nature, or exogeneity, of these water supply shocks, the results of
estimating this statistical relationship can be considered to be causal—that is, if these
shocks did not occur, the resulting changes in economic activity also would not occur.
Specifically, the model uses ordinary least squares with the dependent variable being the
annual percentage change in the growth of nighttime light luminosity, and independent
variables that include an indicator for a water supply shock (which is the z-score of rainfall
over the water supply points for the past three years); the annual percentage change
in urban population; measures of contemporaneous weather in the urban area itself
(precipitation and temperature); a measure of temperature in the water supply regions;
country-specific time trends to account for country-level growth; year fixed effects; and
urban area fixed effects. Additional details of the statistical model employed can be
found in the technical appendix to this report, available at www.worldbank.org/ebbflow.
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Results from examining the impact of these large water supply shocks
are shown in figure 4.1. The figure shows the change in average city growth,
as proxied by luminosity, which can be attributed to different water supply
shocks of varying magnitude. Note that estimates of the impact of both wet
and dry water shocks are included in the analysis. The impacts of wet water
shocks, which presumably lead to additional water availability but could also
lead to flooding under certain circumstances, are shown by the blue line. The
estimated impact here is relatively flat with a statistically null impact. This is
perhaps not surprising. If a wet water shock does not result in a flood, but
merely results in the city having more water at its disposal, then it is unlikely
that the city would see an economic boom from this because unexpectedly
having additional water supplies available is not typically something cities
can take advantage of. And if the wet water shock does result in flooding,
there is strong evidence that shows that cities typically recover very quickly
from floods. Kocornik-Mina et al. (2020), for instance, find that economic
activity (proxied by changes in nighttime lights) fully recovers the year after
floods occur, which is the time period examined here.
On the other hand, the impact of dry water supply shocks shows a
monotonically declining impact on growth. As the magnitude of the
three-year shock increases beyond a z-score of −3 SD, the impact becomes
significant and large. Shocks greater than −4 SD, for instance, reduce the
growth in luminosity by approximately 2 percentage points, and as the

FIGURE 4.1: Impact of Water Supply Shocks on City Growth Rates
6
Impact on city growth rates, %
(Nighttime lights)
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Dry water shocks
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Source: World Bank figure based on analysis using weather data from Matsuura and Willmott 2018; Nighttime
Lights Time Series Version 4, from NOAA National Centers for Environmental Information, Earth Observation
Group; and data on urban water sources from The Nature Conservancy and McDonald 2016.
Note: Figure shows point estimates of the impact of increasingly large water shocks on urban economic activity
with 95 percent confidence intervals.
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shock grows to −6 and −7 SD, the impact grows to a loss of −5.5 and −12
percentage points, respectively.
How do changes in luminosity translate into impacts on economic
activity? Henderson, Storeygard, and Weil (2012) have estimated that
in developing countries the elasticity of nighttime lights to GDP is
approximately 0.3. Others have estimated that this elasticity may be as high
as 1 (Kocornik-Mina et al. 2020). This range implies that a shock the size of
−4 SD reduces gross city product growth by 0.6–2 percentage points, and as
the shock grows to −7 SD, the impact can grow as high as a loss of 3.6–12
percentage points. Compared with an average growth rate of 0.4 percent
over the time period of the sample, this implies that even more moderate
water supply shocks can send cities into deep recession.
Next, these results are expanded upon by looking at what types of
cities are most sensitive to these water supply shocks. First, the cities in
the database are split based on their long-run rainfall averages. One might
conjecture that cities that are in more arid areas are more adapted to dry
periods and have infrastructure in place that allows them to withstand these
shocks. Indeed, that is what the results show. Figure 4.2 shows results from
two separate samples. Panel a. shows the sample of cities that are in the
bottom 50th percentile of long-run mean rainfall, and panel b. shows the
sample of cities that are in the top 50th percentile. Although the cities in
the top 50th percentile show a similar pattern to the main results, with
large, dry water supply shocks significantly reducing growth, the cities in
the bottom 50th percentile do not show as clear a pattern. It is only when
the shocks become very large, or greater than −5 SD, that negative impacts
appear.
Second, a similar exercise is undertaken but compares smaller versus
larger cities. Again, the sample of cities is split into two based on urban
population size. Results are shown in figure 4.3. Panel a. of figure 4.3 shows
the impact of water supply shocks on the bottom 50th percentile of cities
in terms of population, and panel b. shows the top 50th percentile. Here,
it is seen that water supply shocks have greater impact on smaller cities,
while impacts on larger cities are small and statistically insignificant. The
greater resilience of larger cities to water supply shocks can be explained by
several reasons. For example, it has been found that larger cities tend to use
less water per capita than smaller cities. This is because water consumption
tends to be tied most closely to the composition of economic activities
within a city. Larger cities tend to be more service oriented and thus they
tend to have shifted the more water-intensive economic activities to less
populated regions. Smaller cities, on the other hand, are more likely to
contain larger agricultural and manufacturing bases, which can be quite
water consumptive (Michaels, Rauch, and Redding 2012 ; Mahjabin et al.
2018). Another explanation is that larger cities tend to have developed a
more diversified economic base and are also more likely to serve as trade and
migration hubs. This diversification enables them to be less vulnerable to
idiosyncratic shocks such as water shocks (Gabaix 1999).
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FIGURE 4.2: Impact of Water Supply Shocks on Urban Luminosity Growth Rate,
by Climate
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Source: World Bank figure based on analysis using weather data from Matsuura and Willmott 2018; Nighttime
Lights Time Series Version 4, from NOAA National Centers for Environmental Information, Earth Observation
Group; and data on urban water sources from The Nature Conservancy and McDonald 2016.
Note: Panel a. shows results for cities in the bottom 50th percentile of long-run mean rainfall, and panel b. shows
results for cities in the top 50th percentile of long-run mean rainfall.

Finally, there may be a concern that the methodology employed here
is misattributing the estimated impacts to water supply shocks, when in
actuality some unobserved variable that is correlated with these water supply
shocks is really to blame. To test the robustness of these results, it is therefore
instructive to devise a placebo test—that is, a test with a similar setup, but
one in which a similar result is not expected. As was noted in box 4.1, only
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FIGURE 4.3: Impact of Water Supply Shocks on Urban Luminosity Growth Rate, by
City Population Size
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Source: World Bank figure based on analysis using weather data from Matsuura and Willmott 2018; Nighttime
Lights Time Series Version 4, from NOAA National Centers for Environmental Information, Earth Observation
Group; and data on urban water sources from The Nature Conservancy and McDonald 2016.
Note: Panel a. shows results for cities in the bottom 50th percentile in terms of population size, and panel
b. shows results for cities in the top 50th percentile in terms of population size.

cities that have water sources that include surface water were included in
this analysis. This is because rainfall shocks are used to identify water shocks,
and this link would not be as clear if the water source was groundwater4 or
desalination. Thus, there is an opportunity to look at cities whose water
sources exclude all types of surface water, and test to see if rainfall shocks
affect growth in similar ways. Results from this test are in figure 4.4. As the
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Percentage change in
nighttime lights

FIGURE 4.4: Impact of Weather at Nonsurface Urban Water Points on Urban
Luminosity Growth Rate, Placebo Test
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Source: World Bank figure based on analysis using weather data from Matsuura and Willmott 2018; Nighttime
Lights Time Series Version 4, from NOAA National Centers for Environmental Information, Earth Observation
Group; and data on urban water sources from The Nature Conservancy and McDonald 2016.
Note: Figure shows results of estimating the impact of weather at urban water supply points for cities that do not
have surface water-based water supply points.

figure shows, the impact of both wet and dry shocks in these cities is a precise
zero for all shock sizes. This result adds confidence that the methodology for
identifying water supply shocks is appropriate and that the impact that is
being identified is correctly attributed to urban water scarcity. It also suggests
that groundwater and other sources of water supply, such as desalination
and wastewater reuse, may have protective effects on cities.5

THE WAY FORWARD
The results in the prior section demonstrate the high costs that cities
endure when faced with water supply shocks, and the critical importance
of investing in policies and infrastructure that can enhance urban water
resilience to ensure that cities remain the engines of economic growth that
they have become. Urban migration and population expansion is very likely
to continue into the distant future and cities must prepare for the realities
of increased water variability due to climate change. Although a recession
in a city is unlikely to reverse this process, it will inevitably slow it down,
reducing the quality of life for residents and recent migrants alike. Still,
adaptation to these events can also be expensive, and therefore it is critical
that decision-makers carefully weigh the options available to them. These
must include options that can expand and increase the resilience of water
supplies, while also managing water demand.

107

Water, Development, and Migration

Supplying Ever-Thirstier Cities
In the wake of a long and deep drought in the early to mid-2000s that threatened
the water supply of Sydney, Australia, the government of New South Wales
invested in a water desalination plant. At a cost of approximately US$1.4
billion to build, the plant was designed to produce up to 250 million liters
per day, enough to supply 15 percent of the drinking water for Sydney’s 2006
population, when acting at full capacity. Beyond the cost of construction,
simply maintaining the plant on standby costs approximately US$150
million per year (Godfrey 2014), with costs increasing by approximately
50 percent to operate it at full capacity. Whether or not the construction
of Sydney’s desalination plant has paid off is an open question. The very
year that the desalination plant went online, 2012, was also the year that
the drought ended and the dams returned to 100 percent capacity. In 2019,
the desalinated water production at the plant ramped up as Sydney’s dams
dipped below 60 percent capacity (Cockburn 2019). It remains to be seen
how necessary the plant’s water supply will be in the future.
Sydney is not unique in its decision to build a desalination plant after
experiencing urban water shortages. In the wake of the 2019 day zero event,
the city of Chennai made plans to build four new desalination plants to
supply drinking water to the city. Similarly, Cape Town has also developed
plans to construct a desalination plant as part of its water strategy for
preventing future day zero events. Whether these expensive and irreversible
investments will pay off is uncertain. What is certain is that desalination will
not be a panacea for these crises.
Given the large upfront expenses of constructing desalination plants,
and the fact that they are only feasible in geographies close to the sea,
it is critical that decision-makers look both outward and inward to find
alternative methods for increasing urban water resilience. Cities can look
far beyond their boundaries and invest in natural infrastructure, which
offers an often less costly alternative to built infrastructure. Across local
watersheds and even thousands of miles away, forests alter the movement,
quality, and availability of water by regulating flow, absorbing water when
it is plentiful, and releasing it when it is scarce. As shown in chapter 2, the
presence of forests can increase the resilience of rural areas to water supply
shocks, and they can likewise have similar impacts on urban areas. Indeed,
of the world’s 105 largest cities, 33 rely heavily on nearby protected forest
lands as a primary factor in drinking water availability and quality (Dudley
and Stolton 2003).
Cities must also look inward to protect their water supplies and
increase their water resilience. The resilience of a city’s water supply can be
strengthened by diversifying available water sources. Recycling wastewater
and harvesting stormwater provide alternative sources to water supply
while also providing a range of additional environmental benefits (Grant
et al. 2012). “Blue” and “green” spaces in urban environments can also be
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expanded and revitalized to provide better flood protection and to capture
water runoff, which can be purified and used for urban consumption. This
model, known as the “sponge city” concept, is being developed in some
cities in China (Chan et al. 2018). The plan exploits parklands, permeable
pavements, and infrastructure (such as underground storage tanks) to soak
up and store precipitation so that 70 percent of rainwater that falls on urban
spaces is eventually reused. Initiatives such as these can partially reverse some
of the harmful ecological impacts of cities while building resilience against
rainfall variability and increasing the number of parklands and open areas
for urban residents to enjoy.

Doing More with Less
As highlighted previously, expanding water supplies in many geographies
can be risky, as well as prohibitively expensive. And in many geographies,
particularly those that are inland, expanding water supplies can be infeasible.
Therefore, the remaining options left to decision-makers are to limit urban
growth in these regions, to reallocate water from other regions (typically
agriculture), or to implement policies to reduce water use in urban areas.
In most geographies around the world, particularly in developing
countries, the price of water is so low that it signals to users that water is
abundant, even if it is not. This failure to incentivize efficient water use
leads to perverse outcomes where there is nearly no link between water
availability and water efficiency around the world. Figure 4.5 shows the
relationship at a national level, comparing nonagricultural water intensity
(x-axis)—that is, cubic meters of nonagricultural water withdrawals per
unit of nonagricultural GDP—with water availability per capita (y-axis).
By removing agricultural water use and agricultural value added from GDP,
it is possible to get a sense of the dynamics in predominantly urban areas.
If proper economic incentives were in place, one would expect a pattern in
which countries line up along the 45-degree diagonal, with countries with
less (more) water availability per capita having less (more) water-intensive
urban areas. Instead, the figure shows little to no relationship between these
indicators.
One important way to establish the economic link between water
scarcity and its price is to reform subsidies in the sector. Few urban services
are as subsidized as municipal water supplies. A recent World Bank study
found that subsidies in the water supply and sanitation sector were as high
as US$320 billion per year, as much as 2.4 percent of regional GDP, with
urban expenditures accounting for 76 percent of this subsidy (Andres et al.
2019). These subsidies would be justifiable if they went predominantly
toward low-income households to ensure access and availability to the most
vulnerable. Unfortunately, the same study found that a mere 6 percent
of water supply and sanitation subsidies were captured by the poorest
20 percent of the population, whereas 56 percent of subsidies accrued to the
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More water availability

FIGURE 4.5: Comparison of Water-Intensive and Water-Scarce Economies,
Nonagricultural
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wealthiest 20 percent. Instead of ensuring access, these subsidies push the
price of water so low that inefficiency is incentivized, service sustainability
is threatened, and resources are overexploited. Subsidy reform in the water
supply and sanitation sector is therefore critical for reducing the risk of
future day zero events.
Another important tool for enabling decision-makers to respond to
day zero events is dynamically efficient volumetric water pricing, which
incorporates the scarcity price of water into the current price that is paid
by households to minimize the average water tariff paid by households over
time (Grafton, Chu, and Kompas 2015). One of the criticisms of the Sydney
response to the day zero event is that the decision to build the desalination
plant was made prematurely. The water regulations at the time were set up in a
way in which the water utility, the Sydney Water Corporation, received a rate
of return on every dollar spent on capital expenditures. Thus, the utility was
incentivized to invest in expensive solutions such as the desalination plant,
rather than promoting more sustainable use of water by raising the water
tariff when water availability began to decline. Indeed, the utility had little
choice because the regulatory framework at the time imposed prices that were
based on the cost of service and not the scarcity of water. Thus, by adding
a component of the price of water that is based on physical water scarcity,
investment in capital-intensive infrastructure that augments water supplies
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(such as a desalination plant) could be delayed. In the long run, this can be
important for both saving consumers’ money and avoiding day zero events.

Technology and Behavioral Change
One of the major challenges with incentivizing lower use of water is that
even when price incentives are put in place, behavioral change can be
slow. This is true for several reasons. For one, as many studies have shown,
the price elasticity of water is quite low (Espey, Espey, and Shaw 1997;
Arbués, Garcia-Valiñas, and Martínez-Espiñeira 2003; Dalhuisen et al.
2003; Worthington and Hoffman 2008; Nauges and Whittington 2010).
This means that changes in the price of water tend to lead to relatively small
changes in the quantity of water demanded. This does not mean that pricing
is futile, however, and there is some evidence that as the price of water rises,
consumers begin to become more sensitive to changes in price. For instance,
Rinaudo, Neverre, and Montginoul (2012) estimated that a 50 percent
increase in the marginal price of water in southern France would generate
3 million cubic meters of water savings, enough to postpone water supply
expansion in the study location by six years. And the simulations of Fuente
(2017) for Nairobi suggest that there would be a 19 percent reduction in
water use from transition to full cost recovery pricing over a 10-year period
relative to business-as-usual pricing.
Another difficulty with using pricing to change behavior is that consumers
typically have little information on how much water they are using, and which
activities are using the most water. Without this information, it is difficult for
households to make decisions about limiting water use. New “smart” meters
offer a promising solution to this problem. These meters can monitor water
use in real time, which allows households to visualize and predict their own
water consumption (Demerle 2020). They can also measure water pressure
and flow and therefore detect leaks, which account for losses of up to 60
percent of water supply in many cities (Moe and Rheingans 2006).
Other technological innovations will be critical for changing behavior
and making cities more water resilient. One initiative leading the way in this
effort is the 50 Liter Home Coalition spearheaded by Procter & Gamble
and supported by the World Economic Forum, the 2030 Water Resources
Group, and the World Business Council for Sustainable Development.
The 50 Liter Home Coalition, which was born out of the Cape Town day
zero event when households were restricted to 50 liters of water use per
day, aims to demonstrate that not only is it feasible to live on 50 liters of
water per day, but it can be done at little sacrifice to the household. The
coalition is developing methods to treat water at the point of use to make it
reusable. Thus, some wastewater can be treated to become drinkable, while
other water can be treated for reuse (such as shower water repurposed for
toilet reuse). Closing the loop on water use within the household can go a
long way to solving water challenges and making cities more sustainable.
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NOTES
1. Most recently in January 2021, droughts due to poor rainfall in Turkey have stressed
the country’s largest cities, including Istanbul, a city of 17 million people, and the
capital Ankara. Istanbul was reportedly within 45 days of running out of water
(McKernan 2021).
2. World Resources Institute water risk country rankings: https://www.wri.org
/applications/aqueduct/country-rankings/.
3. Note that the earliest time period in the table is 1989–1991 because this indicator is
lagged in the econometric model and thus would have its impact measured in 1992.
4. Although rainfall deviations would certainly affect groundwater supplies through
aquifer recharge, this process is much slower and therefore one would expect to see a
much more muted impact, if any, of groundwater sources.
5. Nevertheless, sustainability of groundwater resources is a critical concern that is
outside the scope of this chapter.
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CHAPTER FIVE

GOING WITH THE FLOW
“Come, my friends,
‘Tis not too late to seek a newer world.
Push off, and sitting well in order smite
The sounding furrows”
– Alfred, Lord Tennyson, “Ulysses”

KEY HIGHLIGHTS
• Policies can target risks at the source of migration (in situ) or at the
destination (ex situ).
• None of these policies in isolation is likely to be completely effective
at protecting people and their assets. Since residual risks remain, there
is a need for synchronized and complementary policies that can cover
different dimensions of risk.
• There is no consensus on whether migration is an appropriate strategy
of adaptation to chronic risks or whether it represents a failure of risk
mitigation policy. Likewise, there is no consensus on the economic
impacts at the destination.
• Even so, there is a role for governments at the destination to assist
economic and social integration of migrants and to prepare cities for
acute bouts of water shortages. Policies should allow for flexibility in
responses rather than requiring costly and irreversible investments that
risk being unused and becoming stranded assets.
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THE POLICY CHALLENGE
This report has demonstrated that the popular image of droughts or floods
driving waves of destitute migrants to safer ground is a misleading caricature.
The decision to migrate is potentially risky and life changing and has wide
ramifications. It is driven by a host of factors that can interact in ways that
either offset or reinforce the initial shock. Apart from “push” factors such
as natural disasters, the decision to move also depends on whether there are
better prospects available elsewhere (“pull” factors) and whether a move is
feasible (that is, affordable). And since migration is costly, the evidence
suggests that only deep and cumulative water deficits induce statistically
discernable movements of people. Even when these shocks occur, those
people who are extremely poor may still lack the resources, access to credit,
or the networks that would enable a move to a better life elsewhere.
One implication of this finding is that the mass movement of people
in poorer regions of the world will differ systematically from observed
responses in less poor areas. Where there is extreme poverty, and migration
is costly, droughts are more likely to trap households in further poverty and
hardship. Conversely, the same rainfall deficit might induce migration in
middle-income settings where households can pay for the costs of relocation
through savings, borrowing, or liquidating assets (Cattaneo and Peri 2016;
Burke and Tanutama 2019; Peri and Sasahara 2019).
Hence this report finds that migration responses differ systematically
between low-income and middle-income settings—in the former case,
droughts trap households in poverty, while in the latter case, households tend to
migrate in response to cumulative dry shocks. Consistent with other research,
this report also finds that distress migration occurs in response to rainfall
deficits rather than to floods. This finding could be because wet episodes tend
to be beneficial in dry rural geographies, while recovery from floods in cities
can be quite rapid, with little observable effect on economic activity (Gray and
Mueller 2012; Kocornik-Mina et al. 2020; World Bank 2021).
The development implications of these findings seem stark. In the coming
decades extreme poverty, more intense drought due to climate change, and
violent conflict are likely to increasingly occur in the same places and thus
be experienced simultaneously by the same communities. By 2030, upwards
of two-thirds of those living in extreme poverty will also be living in fragile,
conflict-affected, and vulnerable settings; these also happen to be the most
vulnerable regions that will endure the greatest effects of climate change.
Under the status quo, these regions are likely to become potential drought
traps, where more frequent and severe weather events have adverse impacts
on economic performance, while weak economic performance translates
into underinvestment in risk reduction. And because of endemic poverty,
people will find that escape through migration is also unaffordable. This
“triple jeopardy” could lock communities into higher levels of poverty and
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greater vulnerability, since they lack the resources to overcome migration
costs or to adapt to elevated climate threats.
The way in which governments respond to these challenges will
either implicitly or explicitly influence decisions to migrate. Placing greater
emphasis on policies that promote the integration of migrants at their
destination would make migration more attractive, whereas policies that
focus on eliminating risks at the source may tacitly discourage migration.
The appropriate policy response will likely vary over time and across
locations. This suggests that responses can be categorized in terms of those
policies that focus on reducing risks or impacts at the source, and those that
address concerns that arise at the migrants’ destination. Figure 5.1 provides
a summary.
Deciding on the appropriate policy response is complex and goes beyond
a narrow comparison of the relative costs of different options (Chambwera
et al. 2014; Fankhauser 2017). Cost comparisons often fail to adequately
account for noneconomic benefits, which are especially important when
dealing with social and environmental concerns. For instance, this omission
can bias decisions against the maintenance of environmental assets whose
functions are neither well understood nor adequately captured in valuation
exercises. Biodiversity and watershed benefits would be prominent examples
in this category. Second, as emphasized later in this chapter, when there
are information asymmetries or coordination failures (or nonconvexities), a
decision based on a comparison of costs will not be sufficient to determine
whether migration is adaptive or maladaptive. Third, migration, as do
policies to address risks, has social and distributional consequences. Who
gains and who loses may matter, and some policies may have (unintended)
regressive consequences that will not be captured in a monetary comparison
of costs. Finally, dynamic considerations are also involved. Policy choices
influence where people live. As the population of a given location grows,
policy support may become necessary for social well-being despite high

FIGURE 5.1: Policy Approaches at the Source and Destination
Policy solutions

In situ policies
• Infrastructure
• Natural capital
• Safety nets

Ex situ policies
• Inclusive integration of migrants
– Labor market integration
– Service provision
• Building resilient cities

Source: World Bank.
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environmental and economic costs. Over time well-intentioned investments
can generate costly lock-in effects due to such path dependence. Additionally,
perverse incentives due to moral hazard problems might undermine policy
objectives. With climate change comes even greater uncertainty about what
the future will hold. Such circumstances put a high premium on adaptable
and flexible approaches that can respond to new information and changing
circumstances (see box 5.1).

POLICY OPTIONS AT THE ORIGIN
Policy impacts will vary by location, but broadly the choice of policies to
buffer resident communities from droughts in situ would need to be selected
from three broad categories: (a) built physical infrastructure, such as large
multipurpose dams or small storage options and other investments in timely
and accurate meteorological and hydrological information; (b) green natural
infrastructure that physically protects and may also provide drought-proof

BOX 5.1: Analytical Approaches Help Decision-Makers Confront
Large Uncertainties
Uncertainty is intrinsic to decision-making. This is even truer in the case of water
management decisions under climate change: projections of water supply and demand are
characterized by large, irreducible uncertainties. Projections of water supply, for example,
typically rely on climate models that quantify temperature and rainfall conditions several
decades into the future. Even as the science continues to evolve and new generations
of climate models improve on existing models, considerable uncertainties in climate
projections remain. While all climate models tend to agree that the future will be warmer
(that is, increasing in temperature), there is considerable uncertainty in projections of
future rainfall conditions (Niang et al. 2014). For many parts of the world, particularly the
tropics, there is little agreement as to the trend and magnitude of future rainfall (James
and Washington 2013; Zaveri et al. 2016).
In Africa, for example, rainfall projections show high variation between climate
models in both the magnitude and direction of change, partly due to the inability of
these models to represent complex atmospheric processes in tropical regions (figure
5A.1.1 in annex 5A). By the end of the century, the likely change in rainfall in Africa
could span anywhere from −4.3 percent to 65.4 percent, depending on the chosen
set of scenarios or shared socioeconomic pathways that cover a range of plausible
box continues next page
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BOX 5.1: Analytical Approaches Help Decision-Makers Confront
Large Uncertainties continued
socioeconomic trends and climate mitigation targets. As this report has shown, there
is also uncertainty about some of the social and economic consequences of rainfall
shocks. This uncertainty makes it difficult to know what to plan for.
The recognition of this uncertainty has given rise to a range of methods for decision
making under “deep” uncertainty, such as robust decision making, decision scaling,
vulnerability analysis, and dynamic adaptive policy pathways (Hallegatte et al. 2012).
While these approaches differ in their specifics, they are all based on a shared set
of principles (Borgomeo et al. 2018). First, they identify conditions under which
the performance of the water investment becomes unacceptable before assigning
probabilities to these conditions. Second, they focus on robust decisions, broadly
defined as decisions that perform acceptably well under a wide range of plausible
future conditions (such as rainfall patterns well beyond those observed in the historical
record), rather than decisions that perform optimally over a narrow set of conditions
(such as historical rainfall patterns). Third, decision making under uncertainty
highlights the importance of flexibility in water investments—that is, the ability to
switch or change a decision depending on what outcomes materialize and what new
information becomes available. Fourth, they strongly emphasize the multiobjective
nature of all water investments and the need to explore the trade-offs between these
multiple objectives under uncertainty.
The World Bank is increasingly adopting these analytical approaches to inform its
investments and support its clients in pursuing water security and broader resilience
to climate change. For example, the World Bank helped Lima’s water utility refine
its water supply master plan and identify necessary investments and components to
achieve water reliability by 2040, regardless of future climate and demand (Groves
et al. 2019). It also supported the prioritization of hydropower investments in the Koshi
Basin of Nepal, identifying robust investment portfolios amid uncertainties: glacier
melts, electricity prices, and export opportunities (World Bank 2015). The World Bank
has also developed guidelines to help water planners and project managers ensure
that investments and designs are resilient in the face of uncertainty. These guidelines
include the Decision Tree Framework, Building the Resilience of Water Supply and
Sanitation Utilities to Climate Change and Other Threats: A Roadmap (World Bank
2018a), and the Resilient Water Infrastructure Design Brief (World Bank 2020).
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sources of income along with investments in climate-smart agriculture; and
(c) other “soft” policy options, such as safety nets that can provide income
and livelihood buffers when shocks occur.

Storage Solutions
Water storage and supplemental irrigation are the most commonly used
solutions to buffer rural communities against water variability and scarcity.
And indeed there is much evidence to show that on average such interventions
are effective and necessary to protect vulnerable rural communities. But there
are caveats that suggest the need for more closely examining the effectiveness
of interventions.
An emerging body of evidence shows that in many cases, such
investments have provided short-term relief, but they have also created
moral hazard problems that have undermined the policy objectives. In
the North American Great Plains, when access to groundwater was made
available, farmers shifted to more water-intensive crops that ultimately
increased drought vulnerability (Hornbeck and Keskin 2014). Similarly,
in the western United States, dams initially helped to smooth production
during drought but over time also incentivized farmers to grow higher-value
crops that were water intensive, which eventually made their income even
more volatile in times of drought (Hansen, Libecap, and Lowe 2011). Thus,
while both groundwater and surface water storage solutions may offer critical
benefits to reducing vulnerability, caution must be exercised in overstating
the long-term consequences.
The reasons for this are widely understood. When irrigation water
supplies are provided at little or no charge, this sends an economic signal that
water is abundant—even when it is scarce. In response to these economic
signals, water is overused and farming turns to water-intensive crops. The
result is that there is no buffer left for lean times when there are consecutive
years of drought. Accordingly, chapter 2 of this volume finds that in these
regions, despite the presence of irrigation infrastructure, a “drought trap”
emerges, with irrigation no longer providing long-run resilience to drought.
Over time, these conditions increase drought vulnerability such that the
incentives to migrate increase.
One implication is that the investments are necessary, but they need
to be combined with regulations (such as rationing water or pricing water)
to promote more judicious use. In practice, pricing irrigation water at its
scarcity value has proved to be challenging and may not be feasible in lowincome countries where institutions are weak and low farm productivity
restricts the ability to pay for water. Quantity controls (such as water
rationing) may carry fewer administrative burdens, but evidence suggests
that regulations are routinely evaded where governance is weak.1 Hence in

124

Chapter Five : Going with the Flow

drought-prone and weak institutional settings where reform is challenging,
built infrastructure would need to be complemented with other safeguards
that recognize these regulatory limitations.
Without proper safeguards, such investments can paradoxically also
increase exposure to other risks, such as the likelihood of conflict breaking
out. A large literature has documented the existence of links between
heightened water scarcity and conflict (Miguel, Satyanath, and Sergenti
2004; Harari and Ferrara 2018; Acemoglu, Fergusson, and Johnson 2020).2
What may be surprising, however, is that an abundance of water can at times
also bring with it the curse of conflict.
New evidence suggests that large-scale irrigation investments in some
locations can become magnets for conflict. This is especially true in regions
with a history of conflict between groups and during periods of heightened
fragility. For instance, the evidence reflected in figure 5.2 shows that after the
disruptions caused during the Arab Spring, irrigated regions of North Africa
and the G5 Sahel countries (Burkina Faso, Chad, Mali, Mauritania, and
Niger) experienced higher incidence of conflict in irrigated areas (for details,
see the technical appendix to this report, available at www.worldbank.org
/ebbflow and Khan and Rodella, forthcoming). Conflict in this study is
measured by the occurrence of riots and protests, or battles between rebel
groups and government forces.
There are many channels through which the changes brought by irrigation
investments can make land more prone to conflict risks. In resource-scarce
settings such as those found in desert climates, historical codependence has
led to the evolution of informal institutional arrangements that establish
rules and customs for the sharing of natural resources across diverse groups
such as farmers and migratory herders. Sudden shifts in demographic
and economic pressures can throw off this delicate balance. For instance,
increased population densities and agricultural expansion that accompany
irrigation can heighten competition for scarce local resources such as land. If
the changes brought by investment amplify inequality, this condition would
further fuel grievances of displaced and excluded persons (typically nomadic
herders in this case). The new wealth created would also paradoxically make
irrigated areas a more lucrative target for pillaging, especially if perceptions
of exclusion amplify grievances.
Indeed, the value generated by investments such as irrigation is critical
to development, which suggests the importance of better understanding
how these investments inadvertently alter the social balance and economic
incentives of a region. This knowledge is especially important in regions
where livelihood options are limited and there is a history of conflict, such
as the agropastoral conflicts in the Sahel. Here the links with water, climate,
and migration also come into stark focus. These conflicts are found to be
rooted in the disturbance of seasonal migration patterns by rainfall deficits
and the pursuant encroachment of farmers’ land and water resources by
displaced pastoralists and their herds (McGuirk and Nunn 2020).
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FIGURE 5.2: Share of Regions in North Africa and G5 Sahel Countries That
Experienced Different Types of Conflict Events, by the Presence of Irrigation
a. Riots and protests in
G5 Sahel countries

b. Riots and protests in countries
in North Africa
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Project (ACLED), https://www.acleddata.com, and data on irrigation presence from Siebert et al. 2015.
Note: The five G5 Sahel countries are Burkina Faso, Chad, Mali, Mauritania, and Niger. North Africa refers to
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One implication of this finding is that policy decisions that alter
access to shared resources may need to be accompanied by complementary
investments in effective social protection systems—such as the World Bank’s
Sahel Adaptive Social Protection Program (World Bank 2018b)—for the
poorest and most vulnerable populations. Additionally, this finding also
highlights the need for infrastructure investments to be tailored to local and
historical contexts. As interventions like farmer-led irrigation development
are implemented they can leverage traditional local knowledge to inform
more resilient investments.

Hydromet Services
Another important means of mitigating the consequences of weather
fluctuations for populations at the source are accurate and timely climate,
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weather, and water resources information. Weather forecasting is an example
of a technology‐intensive public good that has minimal delivery costs
and that can substantially reduce the principal source of income risk for
poor households. Like actuarially fair insurance, better medium-term and
seasonal forecasts can guide farmers’ choices about when or what to plant,
and when to irrigate or fertilize—a strategy that can cut crop losses and raise
incomes, and that also can counteract some of the added uncertainty climate
change brings (Browder et al. 2021). In countries like India, expected total
gains from a correct forecast could reach over 29 billion rupees due to
increases in farm profitability (Rosenzweig and Udry 2019). The returns to
enhancing individual risk reduction by improving the accuracy of annual
and interannual weather forecasts are thus potentially high, given the small
costs of delivery.

Nature-Based Solutions
Green infrastructure can play a vital role in providing resilience to drought
as well as flood protection. Forests and their associated watersheds store,
filter, and gradually distribute both surface water and groundwater, and as
a result enhance the resilience and quality of water supplies. In addition,
forests are an important source of drought-proof income for rural poor
households. Evidence suggests that the very poorest individuals obtain a
greater proportion (around 25–30 percent) of their incomes from forest
resources than from agriculture (Angelsen et al. 2014; Damania, Joshi, and
Russ 2020). Importantly, their dependence on forest resources increases
during times of drought, suggesting that forests act as a safety net—nature’s
social security check—in times of need.
As demonstrated by new analysis in chapter 2 of this volume, in areas
where forest cover is high, out-migration in response to droughts is low
or negligible. Estimates further suggest that nature-based solutions are
cost-effective: on average it would cost about US$0.8 trillion to US$3
trillion in irrigation infrastructure to compensate for a 10 percentage
point decrease in the share of forested land to restore the buffering
effects of natural capital lost because of deforestation. Other studies
have shown that preserving floodplains can reduce flood damage by
up to 78 percent and that using environmentally sensitive agricultural
and land management practices can increase water flows. Investing in
complementary solutions to buffer incomes—for example, protecting
watersheds and forests, together with a canal or dam for irrigation—
produces greater benefits than investing in any single one of these
solutions (Guannel et al. 2016).
These estimates highlight the important role of nature-based solutions.
They are environmentally beneficial and socially benign, and they involve
no large-scale resettlement. In addition, financial outlays are limited or
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negligible, which is especially important in the COVID-19 context, in
which fiscal space is limited and debt is rising.

Climate-Smart Agriculture
A related and critically important approach to buffer rural livelihoods from
climate change and increasing rainfall variability is climate-smart agriculture
(CSA). CSA combines smart policies, financing, and technologies to
achieve a triple win—increasing productivity, enhancing resilience,
and reducing greenhouse gas emissions (World Bank and International
Energy Agency 2015). CSA emphasizes that any efforts to intensify food
production must be matched by a concerted focus on making it sustainable
because failing to do so could undermine the capacity for future growth.
Policies that encourage farmer-led irrigation can also ensure that small- and
larger-holder farmers alike can reap the benefits of irrigation investments,
building resilience against climate and economic shocks in a more inclusive
and sustainable way.
Adopting CSA is especially critical in light of recent evidence that
suggests that despite important agricultural advancements to feed the world
in the past 60 years, global farming productivity has slumped by 21 percent
since 1961, compared with a world without climate change, because of an
escalation in climate sensitivity in recent years (Ortiz-Bobea et al. 2021).
Embracing a climate-smart food systems is, therefore, necessary to avoid
further damage to livelihoods and could go a long way toward minimizing
the environmental footprint by reducing water wastage, overuse, and
pollution.

Safety Nets
Evidence coming from multiple studies across different geographies
consistently shows that in poor rural areas the deprivations caused by
droughts impede the development of young children who experience
them in their critical early years of growth. The children grow up shorter,
less educated, and less wealthy (Maccini and Yang 2009; Almond and
Currie 2011). In some cases the deprivations may be transmitted to the
next generation (Hyland and Russ 2019). The provision of irrigation
infrastructure and natural capital solutions may provide buffers that reduce
the impacts of drought. But inevitably some residual risks will remain, even
in advanced systems. Managing these residual impacts is important to avoid
the permanent and potentially intergenerational consequences of drought.
Adaptive safety nets can play a key role in achieving better outcomes.
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Safety net programs, such as cash and in-kind transfers, have long been
used to provide a minimum level of support to those in need, both during
normal times and in times of crisis. Those programs are also increasingly
combined with measures aimed at improving human development
outcomes, for instance in nutrition and childcare. Addressing the types
of shocks and irreversible impacts identified in this report would mean
implementing programs that target vulnerable populations most in need.
In practical terms, this might mean designing programs that cover only the
poorest of the population, or those who are chronically food insecure, with
geographic targeting in areas where rainfall shocks are most frequent. These
approaches will always be challenging because of risks of capture, exclusion
(counting as nonpoor individuals or households that are poor), leakage
(counting as poor those that are not), limited knowledge, and capacity
constraints. Safety net benefits can also be universal and available to all
households, eliminating some of the difficulty of targeting households but
increasing the costs of the program.
Not surprisingly, universal subsidies are costly, and the fiscal strains
associated with them erode the level of program benefits and their
effectiveness. Hence, most programs in developing countries are targeted.
But a recent review of safety nets in developing countries found that
targeting is typically imprecise and that few programs are set up to assist
households managing idiosyncratic shocks (Monchuk 2013).
An insurance-based approach is another scheme that may be useful.
But it should be noted that determining insurance payout triggers and
amounts is often difficult, especially in poor rural areas. One solution is
a weather index insurance scheme, whereby payouts are based on triggers
that are correlates of losses, rather than actual losses of individuals or area
losses themselves. For example, payment of a known sum might be triggered
by satellite data on rainfall or satellite imagery measuring the blueness of
the ground as a proxy for the degree of flooding. Recent advances in crop
modeling and remote sensing—especially in the availability and use of highresolution imagery from satellites that can pinpoint individual areas—can
go a long way to improve the quality of index insurance by strengthening
the link between indices and actual losses, as well as by reducing program
costs (Benami et al. 2021).
An advantage of this approach is that in times of need, there is an
automatic payout with little room for fraudulent manipulation. The main
disadvantage is the risk that a payout might not be made even though a
loss has occurred, or that a payout might be made even when there is no
loss. Given the depth of the consequences of delaying action to mitigate the
impact of water shocks, the risks of errors of exclusion (triggering insurance
in the absence of a disaster) may well be outweighed by the benefits of a
more generous system. Secondary audits that allow people to present their
claims of losses that the index failed to detect could also be put into place to
minimize uncompensated losses due to index errors. Smartphones, drones,
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and other technological advances can offer further possibilities to reduce the
cost of these audits (Benami et al. 2021).

POLICY OPTIONS AT THE DESTINATION
While droughts trap poor people in low-income countries, they tend to
induce waves of migration in middle-income countries, at a scale not
experienced in normal times. This has implications for the destination and
raises questions about the appropriate policy responses. As with policies at
the source, options for easing transitions at the migration destination—
typically, cities—will be contextual and will vary by location. Nevertheless,
there are two main areas in which decision-makers could focus: (a)
economically integrating migrants into communities to both limit impacts
on host communities and ensure inclusive opportunities for new migrants;
and (b) transforming these cities to make them more resilient to water
shocks of their own.

Inclusive Integration of Migrants
The evidence presented in chapter 3 of this volume indicates that drought
migrants in middle-income countries tend to be less educated than the
average migrants who move to their host city otherwise. This situation
raises concerns that a large influx of people seeking work would create
competition for jobs with negative wage impacts at the lower end of
the labor market. For instance, Lall, Timmins, and Yu (2009) find that
although migration may improve the welfare of the migrants, migration
tends to add to congestion costs in cities and, as a result, the economy may
end up worse off. In this case there is a need for policies that build human
capital and improve access to water, sanitation, health, and education.
However, it is also possible that beneficial effects may arise from the
stimulus to demand for housing and other nontradable goods and services.
Similarly, if immigrant workers bring to the labor market complementary
skills, their arrival could yield net economic benefits, such as when migrant
enclaves create new industries or bring new skills. There would also be
distributional consequences. Wages might decrease for workers affected by
the influx of labor, while the increased demand for housing could lead to
higher rents and hence transfers from renters to landowners. The overall
economic effect is a priori ambiguous and will be determined by local
conditions and the capacity of the destination to absorb a larger labor force
of lower-skilled workers.
Responding to these problems is especially challenging for city authorities.
A city mayor cannot know in advance when the next drought might occur

130

Chapter Five : Going with the Flow

and whether it would generate a wave of migrants; thus preemptive planning
is difficult. Instead, attention could turn to helping the migrants integrate
socially and economically. The precise policy mix will vary across countries,
but the fundamental ingredients would likely remain the same: active
labor market policies that build skills through various support and training
modalities (such as “schools beyond walls”) and that integrate migrants into
labor markets are important. Poor migrants who live in informal settlements
often endure high levels of violence and insecurity; lack basic services such
as water supply and sanitation, schools, and health care; and reside in unsafe
housing. Efforts might be made to improve services, to the extent feasible.
In the COVID-19 context particular attention to health and water supply
and sanitation seems warranted. Basic water and sanitation services are
important in slowing the spread of diseases, including COVID-19.
When significant waves of migrants arrive, their presence becomes
more visible and is often controversial, and the debates may become
ideological. As discussed in “Spotlight: Inequality, Social Cohesion, and the
COVID-19 Public Health Crisis at the Nexus of Water and Migration” (see
chapter 1 of this volume), such stress during times of large negative shocks
has the potential to erupt into social conflict, especially when it exacerbates
existing inequalities. Notwithstanding the many unresolved questions and
complexities, there seems to be a compelling case for proactive policies that
promote shared economic progress and that address social frictions.

Building Resilient Cities
As cities grow at breakneck speed, water services are also increasingly being
strained to keep pace with growing populations and increased per capita
demand for water. At the same time, climate change is accentuating these
challenges and loosening the bounds of the possible by altering the global
hydrological cycle, increasing the number of extreme episodes, and making
water supplies less predictable. From São Paulo, Brazil, to Cape Town, South
Africa, to Chennai, India, millions of city residents find themselves short of
water and have come precariously close to “day zero” events, when water
supplies become threateningly low. But even as day zero events in these
megacities grab international headlines, scores of small cities throughout the
developed and developing world alike face similar water shortages. Add to
this underlying challenge a sudden influx of new residents during a drought,
and the water demand–supply imbalance becomes even more severe.
Understanding the impacts of such water shortages on overall growth
has, so far, been achingly elusive, but new evidence discussed in chapter 4
of this volume shows that the impacts can significantly slow urban growth.
Depending on the size of the water shock, city growth can slow by nearly
12 percentage points during drought years, enough to reverse critical
development progress.
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There is no simple solution to addressing these water shortages in cities,
but smart policies can reduce their propensity for damage and their impacts.
Cities have the potential to stanch future catastrophes by rethinking urban
planning (see box 5.2). Increasing water supplies through desalination
or other supply-augmenting technologies may seem like a quick fix, but
history shows that these endeavors can be risky and inefficient. This lesson
was learned by the city of Sydney, Australia, which, after facing a severe and
extended water shortage, invested in a large and costly desalination plant
only to find that by the time the plant was operational the drought had
ended and the plant was no longer needed.
Water reallocation may offer another solution for ever-thirstier cities.
A recent study showed that, globally, 69 urban areas are receiving water
through reallocation projects whereby water is typically transferred to urban
areas from surrounding rural areas, often at the expense of agriculture
(Garrick et al. 2019). This can occur in several different ways. Reallocation
through land use change can occur when donor regions urbanize, thereby
organically and somewhat inconspicuously reallocating water from
agricultural to urban uses. More disruptive is when water is transported
over large areas from one basin to another. As estimated by Garrick et al.
(2019), these transfers involve moving an estimated 16 billion cubic

BOX 5.2: New Ideas to Thwart the Next Urban Water Crisis
The world’s cities increasingly have to face the difficult task of meeting the rising
demands of urban residents in a sustainable way. A new data-driven application,
the Advanced Practices for Environmental Excellence in Cities (APEX) app by the
International Finance Corporation, is currently being piloted in select cities around
the world to meet this challenge (Kapoor 2021).a The app allows city planners to make
cities more sustainable in four key areas—energy, water, waste, and public transport.
It harnesses data insights from advanced green practices around the world to create
tailored solutions for cities. The APEX app shows, for example, that it is possible for
a city such as Chennai to increase water security by 40 percent by 2050 if it adopted
the Singapore model of water management,b thus bolstering water self-sufficiency
and reducing water bills (Kapoor 2021). City leadership can use the app to measure
the potential of making incremental improvements. It can estimate the cost of each
solution, the amount of carbon emissions that can be reduced, and the number of jobs
that can be added to the local economy by adopting new practices (Kapoor 2021).
Another emerging idea, from China, is to build cities like sponges so that they are
capable of absorbing rainwater (Chan et al. 2018). The system is intended to mimic
the natural hydrological cycle and is designed to passively absorb, clean, and use
box continues next page
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BOX 5.2: New Ideas to Thwart the Next Urban Water Crisis continued
rainfall in an ecologically friendly way. The idea focuses on restoring wetlands and
building green infrastructure to retain and store water. Methods include the use of
permeable material in paving, establishment of rooftop gardens, and the creation of
storage ponds and areas of wetland. The goal for such cities is not only to be capable
of dealing with a sudden excess of stormwater but also to reuse it to help mitigate
the impact of droughts. Other cobenefits include contiguous open green spaces,
interconnected waterways, and urban wildlife habitats, which, together with less use
of concrete, would mean a lower carbon footprint.
As the challenge mounts to absorb the growing demands of urban populations, and as
shocks to water supplies increase, city planners will increasingly need to rethink urban
planning to ensure that cities remain the engines of economic growth that they have
become.
a. The APEX website is https://www.apexcities.com/.
b. The Singapore model embraces a four-tap model.The first tap is the supply of water from local
catchments. Most of the city is designed as a catchment with an integrated system of reservoirs
and an extensive drainage system that collects rainwater and channels it into storage reservoirs.
From the storage reservoirs, water treatment plants treat the rainwater to be supplied to the city
as potable water. The second tap is imported water, which supplements Singapore’s needs. The
third tap is treated wastewater or, as Singapore calls it, NEWater. Wastewater is treated to such high
standards that it can be drunk. The fourth tap is desalination. Water from the sea is desalinated and
supplied to the city. For the simulation in the APEX app, the first and third taps are assumed.

meters of water nearly 13,000 kilometers. Key to enabling these transfers
is investments in efficient use of irrigation water and reuse of wastewater
in irrigation, to enable agricultural areas to grow more with less water. A
recent estimate by Flörke, Schneider, and McDonald (2018) found that a
10 percent increase in irrigation water use efficiency could free up enough
water to reduce urban water deficits by 2.7 billion cubic meters by 2050.
Nevertheless, questions still remain on how truly effective, equitable, and
sustainable water reallocation is. While in some contexts it may be a critical
tool for addressing urban water crises, it will not be a panacea.
Dealing with day zero events, tail risks that occur with non-zero but low
probability, is difficult. Water reallocation from rural areas is costly because
of the high cost of transporting water, and it is politically complex since it
entails depriving farmers of a crucial livelihood resource and input. Creating
additional sources of water supply might involve building reservoirs with
large storage capacity, or desalination units. These options also have high
capital, maintenance, and environmental costs. Moreover because the
extreme deficits created by day zero events are rare, the extra supply made
available through increased storage or desalination infrastructure may never
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be needed during the lifespan of these assets. The risk of wasteful investment
is inevitably high, with high opportunity costs in developing countries with
mounting debts and tightening fiscal space. What is needed is a flexible
approach that allows for emergency transfers of water when they are needed.
A “drought option” contract is one way of insuring against extreme
drought without the downside risk of investing in obsolete infrastructure.
A drought option would give a city the right to buy a specified quantity
of water at an agreed price in the event of a drought. The option would
only be exercised under agreed weather conditions, which would preserve
the water for agriculture during normal situations. This approach would
be economically more efficient whenever the marginal forgone benefit of
farming is less than the cost of building new infrastructure—a condition
that is likely to hold in most circumstances. It would also be more attractive
in areas where water deficits are worsening and where new supplies must
draw on more distant and more capital-intensive and environmentally costly
options. Finally, since the transactions are voluntary, both buyer and seller
can expect to benefit from the exchange.
In the absence of such legal arrangements, transfers of water from rural
areas have in some cases been coercive. For instance, when confronted by
intermittent water supply, cities like Chennai draw on water resources from
neighboring rural districts, often at the expense of farming communities
fueling tensions between the urban and rural sectors (Varadhan 2019;
Singh et al. 2021).
Despite the advantages afforded by option contracts, they are still rare
and do not exist in developing countries. That absence suggests the need for
capacity building to create the legal and institutional preconditions and for
greater research to identify and address other constraints.
Demand-side management might offer another way forward that
is also less costly and less risky than supply-side measures. Dynamically
efficient volumetric water pricing, for instance, can adjust the price of water
to better match the scarcity that cities are facing. By allowing utilities to
carefully adjust the price of water on the basis of its scarcity, utilities can
avoid the need to invest in water-augmenting technologies and thus save
money, reduce water footprints, and keep water costs lower in the long
run. Other technologies, such as smart water meters and water-saving and
water-reusing appliances, offer ways to help households reduce their water
footprint with little sacrifice.
In sum, policies that focus on reducing the adverse impacts of water
shocks must be complemented by strategies to build the long-term resilience
of communities. Figure 5.3 summarizes the various policy options across the
rural–urban continuum. Ultimately, there is no single policy approach that
will fit all situations, and it will be particularly important to ensure that local
circumstances and local perspectives play a central role in assessing the best
policy choices.
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FIGURE 5.3: Policies and Investments to Sustain Prosperity
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Source: World Bank.
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WEIGHING POLICY OPTIONS
With limited resources, governments need to choose policies that are most
effective in dealing with the adverse consequences of rainfall-induced
migration, especially in the fiscally constrained post-COVID-19 context.
There is no consensus on whether climate-induced migration should be
viewed as a beneficial long-term adaptation strategy or as a net drain on
the resources of destination cities. For policy makers and migrants alike, it
will be difficult to predict the eventual outcome of the decision to migrate.
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Where there is imperfect information, a move that may be deemed
undesirable ex ante might prove to be highly beneficial ex post, and vice
versa. Moreover, there could be economies of scope in migration, such
that the benefits of migration increase with the numbers that move—for
example, when a community builds an identifiable business niche. In this
case the push of a drought, not unlike the “big push” theory of development
economics,3 could be the catalyst for movement that unleashes opportunities
at the destination that otherwise would not have emerged.
Conversely, it is argued that the lower productivity of migrants
escaping droughts has net negative effects on the destination cities, resulting
in urbanization without growth. Somewhat controversially, it has been
suggested that there is an optimum mix and number of migrants determined
by the skills mix and absorptive capacity of host nations (Collier 2013).
Overall generalizations are likely to be misleading, because these are
empirical issues for which outcomes will likely vary across countries, and
over time as migrants settle and become integrated into the economic
and social fabric of their hosts. Notwithstanding the balance of benefits
and costs, there remain compelling reasons for destination cities to create
the enabling environment that would allow for easier integration into both
communities and the local economy (Clemens and Mendola 2020).
This report has also suggested the need for complementary policies,
recognizing that no single policy can adequately address the many impacts
of a rainfall shock. For instance, infrastructure, while essential, will not be
fully effective in eliminating all risks to incomes and well-being. To address
these residual risks to incomes might call for safety nets, especially for the
most vulnerable. And while a safety net may provide minimum resources
necessary for survival, it would not provide the protection for assets and
businesses that may be required to spur investment in the affected areas. In
such circumstances, infrastructure and safety nets combined would be more
effective in drought-proofing communities.
In dealing with migration policies, governments will find inevitable
circumstances when they will need to grapple with problems of whether
to support people directly or to support the places where people live by
enhancing economic opportunities. One of the longest-standing debates
in urban economics is between “place-based” policies that are focused on
reducing vulnerability and increasing productivity of the places where people
reside and “people-based” policies that are focused on assisting vulnerable
people (box 5.3).
This question of which policy to pursue is not an easy one, and answers
will likely depend on the main drivers and causes of vulnerability. In general,
economists have argued that place-based strategies are a blunt instrument for
addressing poverty and vulnerability for at least two reasons (Glaeser 2005).
First, the policies may be regressive. For instance, a place-based policy that
increases land values will benefit richer landowners, and there are risks of
elite-capture of land and water resources when such land is developed in
otherwise low-productivity contexts. The second concern is that place-based
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policy may inadvertently worsen problems and lock poor people into places
that have limited economic prospects and distort their location decisions. By
contrast, people-based policies that are based on personal circumstances will
be targeted to needs and will allow residents of disadvantaged areas to move,
if they prefer, to better opportunities without losing assistance. Instead of
tying assistance to a location, it may be more efficient to target it to the
people in need.

BOX 5.3: Place-Based Policies and Risk Management
In general, policy can deal with risk by avoiding the impacts of adverse shocks, mitigating
the losses from their occurrence, or transferring the risk—say, via insurance markets
(Ehrlich and Becker 1972). But context matters in determining the optimal strategy,
such as the density of the location being targeted. Policy makers must be cautious in
assuming that a given set of policies can yield equal success in all locales, and they
must weigh the costs and benefits of place-based investments. Given the large, upfront
costs of many of these investments, and the often long-lasting nature of the assets, it
is critical that the choice of places getting the intervention is informed by a realistic,
objective, and systematic appraisal of policies (Lall, Maloney, and Grover 2021).
The first step in the appraisal process is to correctly diagnose why certain regions are
being held back, and to ascertain whether a place has a latent source of comparative
advantage waiting to be unlocked, is reeling from a bad shock but can recover, or is,
in fact, nonviable (Lall, Maloney, and Grover 2021). For instance, if sluggish migration
traps people in nonviable places, the focus should be on removing barriers to mobility
rather than on place-based policies (Lall, Maloney, and Grover 2021). As highlighted in
chapter 2 of this volume, poor countries face a host of market frictions that can deter
mobility. In addition to restricted budgets that make it costly to migrate in response to
droughts, implicit barriers from residency-based access to public services and safety
nets, informational asymmetry and distortions in land, and housing markets can also
deter mobility.
Equally important is to understand the difficult trade-offs that such interventions
involve. Place-based policies that may be socially optimal may not maximize overall
welfare. For instance, diverting resources to a region with limited potential for growth
from other high-potential regions may address equity concerns in the short run but
could reduce growth and welfare over the longer term. Investments also need to be
carefully designed to avoid moral hazard that can reduce incentives for risk reduction
efforts or encourage building in areas that are clearly exposed to high climatic risk
(Lall, Maloney, and Grover 2021). In such instances, providing incentives for people to
move or making targeted fiscal transfers may be more beneficial. At the same time,
box continues next page
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BOX 5.3: Place-Based Policies and Risk Management continued
providing public goods or addressing market failure in places that are viable but held
back by negative shocks can be transformative.
Since governments face hard budget constraints, prioritization of place-based policies
relative to other complementary policies that target individuals, economic sectors, or
institutions must be based on sound diagnostics to ensure that resources are allocated
efficiently.
Table B5.3.1 presents a typology of possible options for location-specific risk
management strategies, contingent on the type of settlement under consideration
(Lall and Deichmann 2010). Migration is a risk-avoidance strategy but is less likely to
be employed by residents of larger cities. As discussed before, larger cities tend to
persist, and their residents are less likely to move out after disasters. For mitigation
options, cost-benefit analyses need to account for location growth and net migration
dynamics. For the smallest settlements, the benefits of mitigation are usually not found
to be worth the costs. Transferring risks to the market is feasible only for the largest
cities, since in this case the size of the market can be large enough to incentivize the
private provision of insurance.
Distributional implications also arise here, as the less-developed settlements also tend
to house the poorest and most vulnerable populations. In the face of disasters such as
droughts, poverty reduction may entail short-term mitigation measures such as social
safety nets or even provision of infrastructure such as water storage.

Table B5.3.1: Typology of Options for Risk Management
Settlement type

Primate or ’’Superstar’’ cities

Avoid or
migrate

Mitigate losses

Transfer risk or
insure











persistence
Secondary cities



coordination
failure
Small towns and rural areas



Source: Lall and Deichmann 2010.
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There is a consensus that where vulnerabilities arise from underinvestment
in public goods and infrastructure, the case is clear for assistance that
directly addresses these deficiencies. There may also be a need to address
distributional policies through place-based approaches when universal safety
nets are unaffordable.
The persistence of place-based regional policy and the many attempts
to address problems in lagging regions suggest that there are significant
policy and political challenges in targeting aid to people and not places. In
principle, the appropriate policy should depend on the cause of the problem.
When poverty and vulnerability derive from individual circumstances, then
targeting individuals through social assistance and safety nets would be the
more effective strategy, and place-based policies would be second best. But
where the problem stems from the underprovision of vital public goods such
as sanitation, water, canals, and dams, place-based policies may be more
appropriate.
More complex are regions with low productivity, where economic
potential could be worsened by climate change and the increased demands
of a growing population. In such circumstances place-based policies would
be less efficient but could still be socially necessary. In this case, the focus
could be on providing vital services such as water, sanitation, education,
and health to protect and build human capital without the risks of locking
people into locations with limited economic potential.
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ANNEX 5A

PROJECTED CHANGES
IN ANNUAL RAINFALL
IN AFRICA
FIGURE 5A.1.1: Projected Changes in Annual Rainfall in Africa
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FIGURE 5A.1.1: Projected Changes in Annual Rainfall in Africa continued
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NOTES
1. The seminal and classic study is Wade 1982. More recent examples include Rinaudo
2002 and Rijsberman 2008.
2. At the same time, evidence from the Middle East presented in Ebb and Flow: Volume 2
(Borgomeo et al. 2021) suggests that risks associated with water in particular are
more often associated with cooperation than with conflict. This is because long-term
exposure to water scarcity can strengthen water users’ preference for cooperation.
3. The “big push” model in development economics was first developed by Paul
Rosenstein-Rodan (1961). It conjectures that an economy may be stuck at a low-level
equilibrium, where a lack of demand prevents firms from making investments to
improve productivity. Small, piece-by-piece investments might not be enough to spur
demand and instead a big push, whereby entire industries are transformed, is needed
to jump-start self-sustaining growth and push the economy to a more productive
equilibrium.
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