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Foreword

In her fury, Mother Nature is supremely 
impartial: since 1960, natural disasters have 
struck high-income countries at roughly the 
same rate as low- and middle-income coun-
tries. The disparity lies simply in the conse-
quences: the wealthiest economies bounce 
back swiftly, while the poorest suffer acutely. 
For poorer countries, the death toll of each 
disaster can be six times as high, and the eco-
nomic damage can persist for decades.

Climate change has widened the disparity 
in the ability of countries to recover. Between 
May 2023 and May 2024, people endured 26 
more days of stifling-hot weather on average 
than would have been the case without cli-
mate change. Rising temperatures impede 
progress on nearly all fronts: they jack up 
mortality rates, depress children’s math and 
reading scores, and shrink the productivity of 
businesses and workers. A reckoning, there-
fore, awaits many low- and middle-income 
countries: unless they step up their effort to 
adapt, studies show, rising global tempera-
tures could slash the economic potential of 
countries in Africa and Latin America by as 
much as 15 percent.

This report aims to speed up that effort — 
by spurring governments in developing coun-
tries to choose policies that put individuals, 
households, farms, and firms in the driver’s 
seat. That will require a rethink of the current 
approach, which relies too much on govern-
ment programs and investment. Govern-
ments reflexively prioritize subsidies, cash 
transfers, and a variety of interventions aimed 
helping people cope with the aftermath of 

disasters. They don’t do nearly enough to 
prod individuals, firms, and markets to take 
actions that might reduce the severity of the 
disaster in the first place.

There’s a good reason for that. It takes 
wealth to systematically damage-proof an 
economy. In wealthier economies, people and 
businesses can afford to protect themselves 
against extreme temperatures by investing in 
air-conditioned housing, schools, and office 
space. They have ready access to informa-
tion that enables them to take precautionary 
measures—accurate weather reports and 
public early-warning systems, for example. 
They benefit from high-functioning mar-
kets that enable households and farmers to 
buy flood or crop insurance. They reap the 
rewards of modern infrastructure—roads, 
bridges, and public transit systems: emer-
gency relief arrives swiftly, and vital economic 
links stay mostly intact when disaster strikes.

Developing economies usually lack those 
privileges. Poverty is the first and biggest hur-
dle: in an emergency, more than two-thirds of 
households in Bangladesh, Colombia, Kenya, 
and Viet Nam would have neither sufficient 
savings nor assets to sell to cover their basic 
needs for three months. Low incomes usher 
in a variety of bad outcomes for climate 
resilience: in Bangladesh, just 2.3  percent of 
households own an air conditioner. In devel-
oping countries other than China and India in 
2020, fewer than 10 percent of farms had any 
kind of agricultural insurance. Information 
that people need to assess climate risks is 
also scarce: Sub-Saharan Africa, for example, 
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has just 1.6 weather stations for every 1  mil-
lion people—compared with 217 in the United 
States.

That can and must change. Poor people in 
poor countries today are disproportionately 
vulnerable to climate change mainly because 
they lack the resources necessary to cope. It’s 
worth noting that they can be exceptionally 
resourceful. In flood-prone areas of Bangla-
desh, for example, more than 100,000 chil-
dren were able to continue their education 
uninterrupted during the monsoon season 
because of an ingenious idea by a private cit-
izen: classrooms on a boat. It’s an idea that 
has traveled: Indonesia, Nigeria, the Philip-
pines, Viet Nam, and Zambia all now provide 
“floating schools” in flood-prone areas. Policy 
makers in these countries, therefore, should 
ask one question above all: how can we mobi-
lize ingenuity of this kind to turbocharge 
economy-wide adaptation efforts?

This report proposes a five-pronged strat-
egy: the 5 I’s method. The first prong is intu-
itive: income. Economic development, broad 
and sustained, is the most reliable predictor 
of a country’s ability to cope with a climate 
shock. Analysis by the World Bank suggests 
that a 10 percent increase in GDP per capita 
tends to reduce by 100 million the number of 
people who are most vulnerable to climate 
shocks. Achieving such a boost will not be 
easy: in all regions except the Middle East and 
North Africa, economic growth in the next few 
years is expected to be slower than the aver-
age of the 2010s.

The second prong is information. Informa-
tion allows people to convert a fog of uncer-
tainty into a concrete set of risks—each with 
discrete probabilities—that inform their deci-
sions on mitigating those risks. High uncer-
tainty is often a recipe for paralysis or error: 
farmers, for example, might opt to forgo the 
use of a new high-yield crop variety if they 

have no quantified information on how it will 
perform under unusually bad weather. The 
scope for progress in this category is large. 
Weather forecasts, for example, have become 
far more reliable: a four-day forecast today is 
as accurate as a one-day forecast 30 years 
ago. Satellite data and analysis powered by 
artificial intelligence could help lower the cost 
of delivering risk information to people.

Insurance, the third prong, becomes a 
more feasible option once risk information 
becomes widely available. It enables individu-
als, businesses, and governments to recoup at 
least some of the financial loss from a disaster. 
Most developing countries require residents 
to buy insurance to drive a car—but not to 
protect property against floods, fires, or other 
climate shocks. That should be reconsidered: 
mandating insurance in hazard-prone areas 
will reduce the need for government bailouts. 
Insurance providers also have much to gain 
by simplifying insurance products or offering 
packages that make insurance more enticing 
for hesitant customers.

The fourth prong is infrastructure. The gov-
ernment plays a crucial role here. Access to 
safe water, improved sanitation, and electric-
ity are essential for progress in development
—but they are doubly desirable because they 
reduce health-related risks from climate-
related disasters. Governments should con-
struct all infrastructure with resilience in 
mind: dams, for example, should be built to 
better withstand floods. Roads, drainage sys-
tems, water supply, and power-generation 
systems should be upgraded with climate 
risks in mind.

Even when executed perfectly, these four 
steps will not be enough. The fifth prong, 
government interventions, will remain neces-
sary to protect the most vulnerable house-
holds: a prompt rollout of cash transfers and 
other social protection benefits can prevent 
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a near- and long-term rise in poverty in the 
aftermath of a climate disaster. But such 
benefits should be targeted, temporary, and 
rule-based. A poorly designed protection pro-
gram could leave farmers stuck with the crop 
choices that are wrong for climate resilience. 
It could drive households and firms to settle 
in climate-vulnerable areas. Social protection 
benefits, in other words, should be portable—
not tied to a specific place.

In the coming decades, economic growth 
and progress on key development objectives 
will depend on the ability of countries to adapt 

to rising temperatures—and to contain them 
wherever possible. That’s a job too big for 
governments alone. Success will hinge on pri-
vate behavior: how all individuals, households, 
farms, and firms adjust to protect themselves 
and their communities. Humans are infinitely 
resourceful: it can be done. But success will 
require all five prongs of the adaptation strat-
egy outlined here.

Indermit Gill
Chief Economist of the World Bank Group  

and Senior Vice President for 
Development Economics
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In Brief
For the world’s poorest people, climate 
change does not announce itself in parts per 
million. It arrives as a ruined harvest, a flooded 
shop front, and lost learning as children are 
kept out of school. The most consequential 
climate-policy question for developing econo-
mies is not only how much carbon the world 
emits, but also how quickly people, firms, and 
governments can prepare for shocks, recover 
from them, and learn to do better next time. 
To ensure that a bad day, week, or season 
does not become a bad decade, the princi-
pal response to climate change for developing 
economies should be to quickly become more 
resilient to it.

Climate change is real, and it deserves the 
attention of policy makers in every country. 
But the stakes for poor countries are higher 
than for advanced economies because they 
are less resilient to the vagaries of nature. 
Poorer countries experience far more deaths 
per disaster and more lasting losses than 
wealthier countries. In the last few decades, 
natural disasters have killed 1.3 million people 
and harmed 4.4 billion; since 1960, mortality 
per event has been six times higher in low- 
and middle-income settings since 1960. Since 
2000, between 250 and 290  million people 
have been hit by floods. In 2019, 2.3  billion 
people exposed to extreme weather lived on 
less than $6.85 a day. By 2050, more than 
5  billion people could have to deal with at 
least a month of water scarcity every year.

The question that policy makers, busi-
nesses, and households in developing coun-
tries should be trying to answer is not who or 
what to blame for climate change. The rele-
vant question is how to become more resilient 
to it. This report shows that the answer is not 
all that complicated.

People in richer countries are more resilient 
to climate change because they have more 
income and savings. Their governments pro-
vide timely and reliable information to house-
holds and enterprises. Insurance markets are 
more developed, so household consumption 
is less vulnerable to unanticipated shocks—
natural or man-made. Wealthier countries 
have access to better technologies and more 
resources to make private homes, public facil-
ities, and factories and essential infrastruc-
ture better able to withstand extreme events. 
And more advanced economies have more 
capable social insurance programs that can 
help people manage emergencies.

It stands to reason then that a compre-
hensive strategy for becoming more resil-
ient to climate change would have five parts: 
first, raise household incomes through eco-
nomic growth; second, provide timely and 
accurate information about climate change 
to help people convert uncertainty into risk; 
third, create the conditions for robust insur-
ance markets to better manage climate risk; 
fourth, make public infrastructure more resil-
ient to extreme events; and, fifth, provide aid 
to people who have suffered losses in ways 
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that do not inadvertently weaken their incen-
tives and efforts to protect themselves.

These five ingredients—higher incomes, bet-
ter facts, risk-pooling, public investments, and 
social protection—are fundamental for turning 
climate change from catastrophe into man-
ageable risk. They also point to ways to convert 
some of these risks into economic gain.

To a lay reader, this might seem so obvi-
ous that one might expect this approach to 
be commonplace, but it is not: strategies for 
building resilience are seen mostly as consist-
ing of public investment and social protection.

This is in part because of inadequacies in 
the approach recommended by international 
institutions. The first one is that resilience and 
government-led adaptation have been viewed 
as essentially the same thing. In fact, adapta-
tion is just one component of a comprehen-
sive approach to strengthening resilience. The 
second one is that adaptation has generally 
been seen as synonymous with greater public 
investment to “climate proof” infrastructure, 
such as canals, roads, and railways, and to 
provide public assistance to those harmed by 
climate change. In fact, much of adaptation 
takes place not in governments but in fami-
lies, on farms, and in firms. The third one is a 
consequence of the second misunderstand-
ing: the mission to make economies more 
resilient is often regarded as the responsibil-
ity of government and not of the general citi-
zenry and private enterprise.

Resilience should be rethought. This report 
was written to advance this rethinking.

Rapid income growth �is the single most 
powerful instrument for making an econ-
omy more resilient to climate change. With 
higher incomes, households can save and 
smooth consumption and avoid distress 
sales when hit by shocks. They can invest 
in risk-reducing measures (such as houses 

that are less flood-prone and seeds that are 
drought-resistant), and they are better able 
to diversify livelihoods away from climate-
exposed activities. They can access credit 
and markets that speed recovery. Estimates 
suggest that globally a 10 percent increase 
in per capita output reduces the number 
of people vulnerable to climate shocks by 
around 100 million and that higher incomes 
considerably attenuate the mortality effects 
of climate hazards.

In Bangladesh, for example, category 4 
cyclone Bhola in 1970 killed half a million 
people, and floods in 1974 submerged half 
the country and triggered a famine that killed 
1.5  million people. In 2019, when category 5 
cyclone Sidr brought a 9-foot storm surge, 
torrential rain, and high winds, Bangladesh’s 
income was far above its 1970 level—and the 
death toll was 3,500. It is worth noting that 
between those two years, Bangladesh’s per 
capita income grew by nearly four times (from 
$400 in 1974 to $1,564 in 2019), and the 
death toll was a fraction of that in the 1970s. 
The single best antidote to climate change 
may well be broad-based economic growth.

Reliable public information �has been under-
emphasized by government in favor of advo-
cacy about climate action. Uncertainty para-
lyzes people, firms and governments. People 
and businesses in poorer, more exposed 
countries face deep ambiguity about when, 
where, and how hard climate will hit. The poor 
tend to be the most averse to ambiguity, often 
responding in ways that are less than optimal. 
Poor people are prone to overinsure against 
minor risks, underinvest in profitable activi-
ties, or cling to increasingly precarious ways 
to make a living just because they are familiar.

Governments in poor countries also tend 
to be ambiguity-averse, simultaneously 
overbuilding to protect public structures 

Uncertain about what actions are most 
beneficial, people may forgo affordable 
and useful adaptation efforts



and underinvesting in warning systems. Reli-
able and accessible information—modern 
weather stations, regularly updated fore-
casts, accurate flood maps, and timely early 
warnings—converts unknowable peril into 
manageable risk. It prompts good decisions 
by people and the emergence of market 
insurance.

The returns to reliable public information 
are staggering. Early-warning systems can 
have benefit-cost ratios of about 9:1. A single 
day’s notice can cut expected damages by 
a third. But it is not just about early-warning 
systems. In India, farmers who received 
accurate, longer-range monsoon forecasts 
shifted planting and increased profits. Sadly, 
the information architecture is weakest 
where it may be most needed: Sub-Saharan 
Africa has 1.5 weather stations per million 
people, India  3, Germany 13, and the United 
States  217. In some low-income settings, 
a one-day forecast is less accurate than a 
seven-day forecast in rich countries. Fixing 
these gaps—observations, modeling, and 
last-mile dissemination—amplifies the effec-
tiveness of other investments in resilience.

Robust insurance markets �are a major 
component of any resilient economy. Even 
with rising incomes and better information, 
some risks are too big or too correlated for 
economic agents to shoulder alone. Market-
based insurance exists to pool such risks 
across people, places, and states of the world, 
turning unlikely but high-cost “tail” events into 
manageable losses. When insurance markets 
work well, they speed up recovery, prevent 
poverty traps, and encourage productive risk-
taking. When they don’t, disasters lead to 
debt and destitution.

In many developing countries, formal 
insurance penetration remains spotty. Index 
products—payouts triggered by rainfall, river 

levels, or pasture “greenness”—have spread, 
helped by satellites and mobile money. These 
insurance products have promise but face 
frictions. Load factors—additional costs—are 
high (typically 50 to 70 percent), and basis 
risk means payouts may miss actual losses, 
dampening demand. Markets also tend to shy 
away from tail events: in India, for example, 
products have drifted from extreme-event 
coverage toward higher-frequency, but well-
designed government support programs 
and public-private partnerships can help, by 
improving data, cutting costs, and offering 
catastrophic reinsurance while preserving 
honest pricing to avoid moral hazard.

About 265  million insurance policies 
were sold in developing countries in 2020, 
95 percent were in China and India—where 
coverage is heavily subsidized and often 
bundled with credit.

Public policy can help by investing in data 
and catastrophe models, regulating for trans-
parency and consumer protection, and pro-
viding catastrophic backstops—without dull-
ing price signals. In the Horn of Africa, for 
example, satellite images are used to trigger 
payments to pastoralists before livestock 
losses mount, shifting behavior from crisis 
replacement to pre-shock protection.

Investment in infrastructure that can with-
stand larger variability in climatic conditions 
and extreme events is necessary, but it is seen 
by too many policy makers as sufficient. Resil-
ience has been equated with government-led 
adaptation, and such adaptation has been 
equated with infrastructure—especially the 
concrete kind—and post-disaster bailouts. The 
result: a defensive approach that overempha-
sizes protective works and after-the-fact relief 
and undermines the economic policies that 
make economies resilient. This approach can 
backfire.

This report proposes a 5 I’s strategy of layering 
income, information, insurance, infrastructure, 

and targeted interventions to promote resilience
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Protective works often entice people and 
capital into harm’s way—Jakarta’s seawall, 
for instance, would likely concentrate set-
tlement behind it and double its social cost 
once delayed migration is counted. Climate 
uncertainty compounds the problem. Fixed 
assets built for yesterday’s probabilities can 
become stranded or prohibitively expensive 
to maintain.

This is not an argument against investing 
in public infrastructure to make it more dura-
ble in the face of a changing climate. It is an 
argument for putting it in its proper place. 
Pipes, pylons, and pavements are most effec-
tive when embedded in a system that prices 
risk and informs decisions—so that a bridge 
is built in the right place to the right standard 
and the neighborhood around it is zoned and 
insured accordingly.

Social intervention programs are justifi-
ably seen as necessary for resilience. But 
social protection interventions need to be 
designed with care so that they comple-
ment rather than work against the other 
components of a comprehensive approach 
to resilience. Consider northern Kenya, 
where herders shifted from cattle—the first 
to die in a dry spell—to camels, which can 
go weeks without water and survive steep 

weight loss. That pivot wasn’t scripted by 
a government department or a multilateral 
agency; it was driven by prices and traders, 
with Somali intermediaries opening mar-
kets for camels and camel milk. As demand 
deepened, Kenya’s camel herd rose from 
roughly 800,000 in 1999 to 3.6  million by 
2022, a market-led adaptation that fit the 
new climate reality.

This is a different approach than rushing 
in to replace lost income or restock dead cat-
tle after every drought. Asset replacement 
can trap households in fragile livelihoods 
and drain public budgets. Better policy inter-
ventions give people the option to adapt. 
The World Bank’s De-risking, Inclusion, and 
Value Enhancement of Pastoral Economies 
program in the Horn of Africa—known as 
DRIVE  —is one such example. DRIVE uses 
mobile platforms and index insurance to 
move from protection and liquidity. Such 
interventions can ensure adequate feed 
and water for core breeding stock so herds 
can recover. They can guarantee timely pay-
outs based on pasture indices. And they 
can reduce frictions in trade and finance so 
farmers can shift more smoothly to hardier 
species of seed—or leave the place or the 
profession altogether when that is the wisest 
option.

Part 1: Climate change hurts poor countries the most
Climate change is increasing the fre-
quency and intensity of weather-related 
disasters—storms, floods, droughts, 
heat waves, and wildfires. Between 1998 
and 2017, natural disasters killed 1.3  million 
people and affected 4.4  billion (CRED and 
UNISDR 2018). Greenhouse gas emissions 
have already driven global temperatures up 

by between 1.3 and 1.5 degrees Celsius above 
pre-industrial levels (NOAA 2024) and the 
pace of warming is increasing. Since 1970, 
temperature increases have sped up, and in 
2023 sea surface temperatures hit new highs 
day after day.1 As warming intensifies, dam-
aging weather extremes will become harsher 
and more frequent.2

Poorer countries and poorer people are more 
vulnerable to disruptions from a changing 
climate, mainly because of their inadequate 
financial and institutional resources



Impacts from climate change, already 
large, are becoming more severe. Over 
the past 50 years, droughts have become 
more frequent, severe, and widespread 
(USGS n.d.). By 2050, droughts could affect 
more than three-quarters of the global pop-
ulation, with an estimated 4.8–5.7  billion 
people living in water-scarce areas for at 
least one month each year, up from 3.6 bil-
lion today (United Nations 2022). Flooding 
is also on the rise, with 255–290  million 
people (3 percent of the global population) 
exposed to floods since 2000 (Tellman et al. 
2021).

The poor are hit hardest. Countries have 
faced similar numbers of disasters since 
1960, but low- and middle-income coun-
tries suffer over six times more deaths 
per event.3 In 2019, 4.5  billion people were 
exposed to extreme weather; among them, 
2.3 billion lived on less than $6.85/day and 
about 400 million in extreme poverty (below 

$2.15/day). Many of the most vulnerable 
people live in poorer countries in Africa and 
South and Southeast Asia (map O.1). The 
capacity to prepare for, cope with, and learn 
from shocks—resilience—varies widely.

Climate damages will deepen global 
inequities. Welfare losses (from reduced 
consumption and degraded local ameni-
ties) are projected to be as large as 15 per-
cent in Africa and Latin America (Cruz 
Alvarez and Rossi-Hansberg 2024). As tem-
peratures rise, some of today’s cold areas 
could see net benefits, while poor, hot loca-
tions face escalating harm (Carleton et al. 
2022).

Weather shocks erode economic and human 
welfare on multiple fronts. Hotter days and 
drier months raise mortality—including infant 
deaths (Burgess et al. 2017; Banerjee and 
Maharaj 2020; Geruso and Spears 2018)—
and the effects in developing countries mirror 

	 MAP O.1  Poor countries have higher shares of population vulnerable to climate shocks

IBRD 48654  |
FEBRUARY 2025

EXPOSED AND VULNERABLE
TO CLIMATE SHOCKS 
(% OF POPULATION)
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Source: World Bank calculations based on Doan et al. 2023.
Note: The gray areas indicate territories for which data are lacking or insufficient.

Weather shocks raise mortality, slow learning, 
reduce consumption, and challenge businesses
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the United States before widespread air condi-
tioning in the 1930s (Geruso and Spears 2018). 
Learning suffers, too: in India, temperatures 
above 21° C and below 15° C depress achieve-
ment, with each day above 21° C cutting math 
scores by 3% and reading by 2% (Behrer and 
Berg 2024). In Nigeria, droughts and floods 
slash consumption in poorer, agriculture-
dependent areas that are vulnerable to both 
water scarcity and deluge (Shilpi and Berg 
2024). Firms in low-income countries are hit 
harder as well: sales revenues fall much more 
with temperature variability than in high-
income economies (figure O.1a).

Richer countries have steadily learned to 
adapt to repeated weather shocks; poorer 
countries, by and large, have not. In Nige-
ria, farm households exposed to repeated 
floods see similar consumption losses each 

time—evidence of little or no adaptation—
while adaptation to drought is somewhat bet-
ter, likely because the poorest households are 
concentrated in flood-prone locations and lack 
financing to adjust (Lang et al. 2024). Busi-
ness impacts tell a similar story: in low-income 
countries the penalty from temperature vari-
ability on sales has not diminished over time. 
In India, weather shocks reduce agricultural 
yields more over the long run than the short 
run, again signaling that adaptive responses 
have not taken hold at scale (Kochhar and 
Song 2024).

Resilience after weather shocks is also 
weaker where incomes and safety nets 
are thin. In high-income countries, firms 
with greater experience of temperature vol-
atility suffer smaller sales declines when 
new shocks arrive—evidence of learning. 

a. Firms in poorer countries are less resilient
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b. Firms in poorer countries are slow to learn from  
repeated shocks
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Source: Lang et al. 2024.
Note: Temperature variability is measured by the coefficient of variation, which is the standard deviation of temperature in a fiscal 
year divided by the mean temperature in the same fiscal year. The dependent variable is log(revenues), and controls include the 
coefficient of variation and the number of days with temperatures above 35°C in a given fiscal year and country by Enterprise Sur-
vey round fixed effects. The estimated coefficients plotted in the figures show the association between a one unit increase in the 
coefficient of variation and sales revenues. All standard errors are clustered at the level of Enterprise Survey strata. Low-income 
countries include all countries classified as low income and lower-middle income, and higher-income countries include all coun-
tries classified as upper-middle income and high income using the World Bank income classification. For more detail, see the back-
ground paper for this report by Lang et al. (2024).

	 FIGURE O.1  Adaptation to climate change is lagging in poorer countries

Reliable, widely accepted tools for 
tracking resilience progress are 
necessary to better inform strategies 
and priorities among policy options



In low-income countries, the reverse holds: 
firms in places with larger long-term tempera-
ture swings experience deeper sales drops, 
pointing to a persistent inability to build 
resilience (figure O.1b) (Lang et al. 2024). 
Evidence from Nigerian farm households is 
consistent with this pattern (Shilpi and Berg 
2024). The implication is clear: the principal 

response to climate change must be to make 
developing economies more resilient—above 
all by accelerating household income growth, 
ensuring reliable public information (such as 
accurate forecasts and early warnings), and 
expanding robust insurance and risk-transfer 
markets so households, farms, and firms can 
prepare for, absorb, and recover from shocks.

Part 2: A 5 I’s approach to resilience
Resilience is the principal response to climate 
change—and it is built by layering 5 I’s: 
income, information, insurance, infrastruc-
ture, and interventions. Think of it as a frame-
work people can use to prepare for shocks, 
recover faster, and learn from experience.

This report proposes a “5 I’s” strategy of 
layering income, plus information, insurance, 
infrastructure, and interventions to promote 
resilience (table O.1).
•	 Income: Income growth is the foundation 

layer. Higher incomes loosen liquidity con-
straints, enabling households, farms, and 
firms to invest in protection before shocks 
and rebuild after them. A 10  percent rise 
in GDP per capita can lift roughly 100 mil-
lion people out of the highest vulnerability 
to climate shocks. By the end of this cen-
tury, most of the reduction in heat-related 
mortality will come from income-enabled 
investments in resilience.

•	 Information: Reliable, timely public infor-
mation converts uncertainty into man-
ageable risk. Credible forecasts and early 
warnings turn decision makers into prag-
matists. Even a day’s notice can cut dam-
ages by 30  percent, and early warning 
systems deliver benefit-cost ratios near 
9:1—among the highest-return invest-
ments governments can make.

•	 Insurance: Robust insurance and risk-
transfer markets let people pool risks and 

recover quickly when disasters strike. 
Expanding affordable, well-regulated 
products—while reducing basis risk and 
leveraging digital finance—helps households 
and firms diversify exposure and rebound 
without derailing long-term development.

•	 Infrastructure: Infrastructure both reduces 
risks and limits losses. Better transport, 
drainage, housing, and market connectiv-
ity protect lives and livelihoods and diffuse 
local shocks.

•	 Interventions: Well-designed, timely, and tar
geted policies—especially social protection
—help people cope without dulling the 
incentives to adapt in place or relocate 
when necessary. Benefits should be porta-
ble, rules based, and temporary and aligned 
with behaviors that build resilience.

	 TABLE O.1  The 5 I’s strategy—income, 
information, insurance, infrastructure, and 
interventions—to promote climate resilience

Income To relax liquidity constraints, 
diversify livelihoods, and access 
credit—for resilience building

Information To promote pragmatic 
decision-making

Insurance To help manage risk

Infrastructure To protect against and minimize 
losses

Interventions To aid in coping

Source: Policy Research Report team.

There is considerable overlap between policies 
and practices that are good for climate resilience 

and those that benefit economic development
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Income growth is the main way to 
reduce vulnerability to climate change
Higher incomes enable individuals and 
businesses to adapt better to climate 
shocks. Higher incomes can protect poor 
families from the risk that even a small 
disruption could threaten their survival 
or well-being. By the end of this century, 
about 80% of the ability to withstand ris-
ing temperatures—measured by lower 
death rates—will result from increased 
per capita GDP that enables people and 
governments to invest more in resilience. 
The other  20%  will come from the knowl-
edge gained through long-term exposure to 
such disruptions (figure O.2) (Carleton et 
al. 2022).

Economic growth and structural transfor-
mation reduce exposure to shocks. This 
is especially the case in agriculture, one of 
the most climate-sensitive sectors where 
warming depresses yields, increases pest 
infestation, and threatens food security. As 
people diversify incomes and urbanize, they 
rely less on climate-exposed livelihoods and 
gain better access to markets and basic ser-
vices, such as health care, education, water, 

and sanitation—each a resilience boost. 
Stronger growth also expands tax revenues, 
enabling investment in infrastructure and 
services that cut vulnerability, while public 
spending on reliable information systems, 
social protection, and R&D improves pre-
paredness and technology adoption. The 
payoff is large: a 10% rise in GDP per capita 
is estimated to lower the number of people 
most vulnerable to climate shocks by about 
100  million (World Bank 2024). But eco-
nomic development alone cannot solve the 
resilience problem because resilience also 
influences economic development. Shocks 
reverse hard-earned gains in welfare, reduce 
productivity, and wipe out productive invest-
ments (box O.1).

Information turns uncertainty into 
manageable risk
Climate change creates deep uncer-
tainty that skews decisions. The causes 
of climate change are well established, but 
the choices societies will make about future 
emissions—and how a warmer atmosphere 
will translate into specific local hazards 
like droughts, storms, and floods—remain 
highly uncertain. The timing and severity 
of impacts are hard to pin down, and even 
information that scientists are confident 
about often fails to reach people effectively. 
With such deep uncertainty—different from 
standard risk, where probabilities are known
—experience is a poor guide for where to 
live, what to plant, or how to produce essen-
tial goods and services.

Reliable, accessible public information 
can convert uncertainty into risk that 
households, firms, and governments 
can form plans to manage

	 FIGURE O.2  Income growth is the main source of 
climate resilience
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Resilience to climate shocks itself contributes to economic 
growth

Climate resilience depends on income growth and economic development, while eco-
nomic growth depends in turn on climate resilience. Understanding this interdepen-
dence is important for three reasons. First, if economic growth could lift people out of 
poverty fast enough to outpace the negative impacts of climate shocks, countries could 
depend mainly on economic development to ensure resilience (except in the case of cat-
astrophic events). However, damages from climate shocks are already mounting faster 
than the rate of economic growth, making active resilience policies necessary—and 
increasingly urgent.

Second, climate resilience is needed not just for humanitarian reasons but also 
to prevent climate impacts from eroding hard-earned development gains. Severe 
shocks send households into poverty, cause farmers to lose productive assets, 
and force firms to close. In Senegal, households affected by natural disasters were 
25 percent more likely to fall into poverty.1 In Nigeria, 15 percent of farm households 
sold their assets to cope with severe flooding. In India, the average cyclone reduces 
firms’ sales by 3.1 percent and destroys 2.2 percent of firms’ fixed assets.2 Cyclones 
can wipe out decades of economic development in a few hours, and economies can 
struggle many more decades to recover.3 By the end of the century, per capita GDP 
in Bangladesh, Thailand, and Viet Nam is projected to be 5–10 percent lower because 
of sea level rise.4

Third, economic development requires long-term, irreversible investments. Neither 
domestic nor foreign investors have incentives to make these investments when the 
potential damages from climate shocks are large and uncertain. So, climate shocks, 
and even the threat of climate shocks, involve a large growth penalty. Between 1990 
and 2014, moderate to extreme droughts reduced GDP per capita growth between 
a 0.39 and 0.85 percentage point, on average, depending on a country’s level of devel-
opment and baseline climate conditions. The largest losses were experienced by 
low-  and middle-income countries in arid areas.5 With climate shocks accelerating, 
losses will become larger over time. Because of this co-dependence between growth 
and resilience, policies that are simultaneously good for growth and for resilience 
should get priority.6

Notes
1. Dang, Lanjouw, and Swinkels 2014; Hallegatte 
et al. 2017.
2. Pelli et al. 2023.
3. Hsiang and Jina 2014.

4. Cruz and Rossi-Hansberg 2024.
5. Zaveri, Damania, and Engle 2023.
6. Hallegatte et al. 2017.

BOX O.1

Self-insurance and informal insurance can 
cope with short-term, low-impact events, 
but neither can deal with larger systemic 

events or those that are likely to recur
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Clear information is a powerful antidote. 
Reliable, accessible public information can 
convert uncertainty into risk that house-
holds, firms, and governments can form plans 
to manage, improving their decisions and 
enabling timely adaptation. How people per-
ceive climate risk has two characteristics:

•	 Awareness is widespread but uneven. In 
a 2022 global survey across 107 coun-
tries, about 56  percent of respondents 
said climate change will greatly harm 
future generations. Awareness is higher in 
high-income countries (59  percent) than 
in low-income countries (45 percent).

•	 Concern is highest where vulnera-
bility is greatest. In poorer and more 
climate-vulnerable countries, 51  per-
cent are seriously worried about climate 
change, and 41 percent believe it will harm 
them personally (figure O.3).

Deep uncertainty about climate events 
drives widely divergent responses. Depend-
ing on people’s experience, the information 
they receive, and their attitudes toward risk, 

reactions can range from overpreparation 
to neglect (Sunstein 2007)—both of which 
can endanger safety and livelihoods, espe-
cially for poor households with little room for 
error. Compared with standard risk aversion 
(managing “known unknowns”), deep climate 
uncertainty (“unknown unknowns”) tends 
to trigger ambiguity aversion, which can 
lead individuals to make suboptimal choices 
(Haushofer and Fehr 2014).

Risk aversion and ambiguity aversion

Risk 
aversion

People’s dislike of risk. If offered 
a choice between a risky lottery 
with known probabilities and a sure 
payment equal to the expected 
value of that lottery, a risk-averse 
person will choose the sure 
payment.

Ambiguity 
aversion

People’s dislike of uncertainty. 
If offered a choice between two 
risky lotteries, one with known 
probabilities and another with 
unknown probabilities, an 
ambiguity-averse person will 
choose the one with known 
probabilities—even if that ensures 
a bad outcome.

Because of the considerable uncertainty 
about climate events, economic agents form 
expectations of ambiguous probabilities

	 FIGURE O.3  People around the world are worried about the impacts of climate change
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	 FIGURE O.4  People in poor, climate-vulnerable countries are more averse to climate uncertainty

0.2 0.3 0.4 0.5 0.6
0.4

0.5

0.6

0.7

0.8

7 8 9 10 11 12
0.4

0.5

0.6

0.7

0.8

b. Poorer countries are more ambiguity averse

Proportion of people who favoring lottery with known probability

Log GDP per capita
(purchasing power parity in 2017 international dollars)

a. More climate-vulnerable countries are
more ambiguity averse

Index of climate vulnerability

India
Thailand

India
Thailand

Source: Policy Research Report team, using ambiguity aversion data from Rieger, Wang, and Hen 2017; vulnerability data 
from the ND-GAIN dataset; and GDP data from World Bank, World Development Indicators, database, https://databank​
.worldbank.org/source/world-development-indicators.

Improving information helps convert 
uncertainty into manageable risk, enabling 
more pragmatic decisions. As people and 
firms quantify climate risks, they can target 
resilience investments based on assessed 
probabilities and plausible outcomes. Where 
ambiguity aversion is more common, adapta-
tion responses to better information tend to be 
stronger—implying larger gains from improv-
ing information in poorer countries, where 
ambiguity aversion is higher (figure O.4).

In low-income, climate-vulnerable coun-
tries, people tend to be especially averse 
to uncertainty—and often “play it too safe.” 
Ambiguity aversion is well documented across 
contexts and helps explain divergent behav-
iors.4 Studies distinguish four types of deci-
sion-makers: pessimists, optimists, fatalists, 
and pragmatists. Ambiguity-averse pessimists
—farmers, firms, or households—seek extra 
protection (for  example, more insurance or 
climate-resilient technologies), weatherproof 
homes, and avoid high-risk areas. Fatalists, 

believing their actions cannot change out-
comes, take no resilience measures. Without 
reliable information, both groups can invest in 
protection at inefficient levels.

Information gaps can cause overinvest-
ment in self-protection in two ways (Snow 
2011). First, under uncertainty, ambiguity-
averse people may overspend on purely 
protective measures—such as insurance 
or heavy-duty weatherproofing—to guard 
against regret if a disaster hits. Second, they 
may avoid productive, income-enhancing 
opportunities, instead parking resources in 
low-risk, low-return options—large precau-
tionary savings, safe subsistence crops, or 
retained earnings. Given poor information, 
these “play-it-too-safe” choices are rational 
from the individual’s perspective, but they 
can still be suboptimal for long-term welfare.

On farms, weather variability often 
pushes producers away from unfamil-
iar technologies and toward traditional 

In low-income, climate-vulnerable countries, 
people are especially averse to uncertainty

—and often end up playing it too safe

11

O
ve

rv
ie

w
 |

 R
et

hi
nk

in
g 

re
si

lie
nc

e

https://databank .worldbank.org/source/world-development-indicators
https://databank .worldbank.org/source/world-development-indicators


12

R
et

hi
nk

in
g 

R
es

ili
en

ce
 |

 A
da

pt
in

g 
to

 a
 c

ha
ng

in
g 

cl
im

at
e

practices perceived as safer. When farm-
ers lack experience with, or data on, how a 
new technology performs under variable 
weather, they naturally favor the known 
option—as has been the case in settings as 
different as the Lao People’s Democratic 
Republic and Peru (Engle-​Warnick, Escobal, 
and Laszio; Ross, Santos, and Capon 2012). 
Conversely, when a new crop is actually less 
variable than the traditional one, better infor-
mation can spur adoption, especially among 
more  ambiguity-averse farmers (Barham 
et al. 2014).

Beliefs about weather and trust in fore-
casts (Cole et al. 2013; Deressa et al. 
2009; Rosenzweig et al. 2014; Lybbert 
et al. 2007)  critically shape technology 
adoption and planting decisions. Planting 
timing, for instance, is highly sensitive to 
rainfall. In India, a 1  percent deviation from 
the optimal planting date can reduce prof-
its by about 3 percent relative to the mean. 
Lacking information, farmers may optimize 
against worst-case scenarios: evidence 
from India shows choices that minimize 
losses under adverse weather; in Bangla-
desh, farmers reduce the planted area in 
places with more frequent rainfall shortfalls 
(Kala 2019).

Ambiguity aversion also affects the sup-
ply of resilience tools. Managers of firms 
offering products like insurance are often 
more ambiguity-averse than their customers 
(Buhren, Meier, and Plessner 2023). Under 
deep uncertainty, they may raise premiums 
to cover worst-case losses or even withdraw 
from markets. When catastrophe probabilities 
are known and very high, exit can be a stan-
dard risk-management response. But when 
probabilities are unknown, ambiguity can still 
drive firms and investors to pull back—even 
where insurance would be viable under con-
ventional risk assumptions.

Deep uncertainty distorts government 
actions. With deep uncertainty, ambiguity-
averse policy makers may favor climate-
related interventions, including resilience 
measures (Chambers and Melkonyan, 2017). 
Two distortions can result:

•	 Crowding out development: Resources 
may be diverted from broader economic 
development—which itself builds resilience
—toward narrower climate actions.

•	 Short-termism in priorities: When 
reelection hinges on electorates divided 
over climate risks, politicians tend to prior-
itize visible, short-term results rather than 
long-term preparedness.

Together, ambiguity aversion and short-
termism help explain why climate resilience 
policies often skew toward highly visible disas-
ter relief. In the United States, voters reward 
officials for securing post-disaster aid more 
than for pre-disaster preparation (Healy and 
Malhotra 2009). In India, incumbents gain 
support for relief when losses are seen as bad 
luck rather than government failure (Cole, 
Healy, and Werker 2008). People also tend to 
prefer risk reduction over insurance (Spence, 
Poortinga, and Pidgeon 2012). As a result, 
protective infrastructure—being tangible and 
visible —often receives priority, while regulatory 
reforms and policies that enable privately pro-
vided resilience tools receive far less attention.

Available, credible, and accessible infor-
mation is the bedrock of effective resil-
ience policies. Credible data reduce deep 
climate uncertainty, turning decision-makers— 
households, firms, and governments—into 
pragmatists who revise expectations as evi-
dence improves. Information is the foundation 
of effective resilience policy. Credible data 
reduce deep uncertainty. Reliable forecasts 
and projections can convert deep uncertainty 
into manageable risk, leading to standard, 
risk-based choices and investments.

Climate uncertainty results in higher 
insurance premiums because ambiguity-
averse managers set premiums higher to 
cover losses under a worst-case scenario



Timely, actionable information saves 
lives and protects assets during rapidly 
approaching weather events. Early warning 
systems provide accurate information about 
impending storms and enable people to take 
actions that save lives and protect property 
(de Perez et al. 2022), which brings economic, 
social, and environmental benefits (Global 
Commission on Adaptation 2019). A single 
day’s notice can cut damage from a hazard-
ous event by 30  percent, and early warning 
systems yield high economic returns, with an 
average benefit-cost ratio of 9:1.5

More—and more reliable—information 
about future weather reduces ambiguity aver-
sion and improves decisions across sectors.

•	 Short-term forecasts help farmers manage 
planting and field operations.

•	 Medium-term forecasts guide households’ 
and firms’ investments (for example, in 
cooling) and inform irrigation planning.

•	 Long-term climate projections support 
household migration decisions, firm relo-
cation, and the adoption of new technolo-
gies in agriculture.

The payoff can be large, as shown in India 
(box O.2).

Reliable forecasts require three things: 
sufficient weather observations, local 
capacity to process data and generate 
predictions, and infrastructure that can 
deliver information to users in real time. 
Low-income countries lag in all three. For 
example, the number of weather stations per 
million people is about 1.6 in Sub-Saharan 
Africa and 2.7 in India, compared with 13 
in Germany and 217 in the United States 
(map  O.2). Forecast accuracy is also lower 
in low-income settings: in some, a one-day 
forecast is less accurate than a seven-day 
forecast in high-income countries (figure O.5) 
(Linsenmeier and Shrader 2023). And despite 

recent progress, communication systems 
that enable rapid, wide-reaching dissemina-
tion of forecasts and warnings remain weak in 
many low-income countries.

Short-term weather forecasts (e.g., next-
day conditions) in low-income countries 
have become more accurate and widely 
accessible—often free  via smartphones 
and other devices—but medium-  to long-
term forecasts remain unreliable. Improv-
ing them requires adapting global models to 
local conditions, validating satellite-derived 
data with ground observations, and ensuring 
that all information is easy for users to under-
stand and delivered to them in real time.

Governments should invest in R&D for 
locally relevant forecasts and expand the 
density of weather observation and moni-
toring stations. They should also put in place 
procedures to ensure information is credible 
and encourage private firms to translate and 
communicate weather data. Where private 
markets have not emerged, communities, 
public extension services, and nongovern-
mental organizations can partner to deliver 
these services to households, farms, and firms
—targeting poor people and poor areas to 
ensure inclusion.

Government has a role in linking climate 
hazard data to granular geospatial loca-
tions and making those data available to 
all households, farmers, and firms. Such 
information dissemination, though benefi-
cial for everyone concerned in the long term, 
faces substantial opposition from people, 
industry, and politicians alike. Japan, one of 
the most climate vulnerable and most resil-
ient countries in the world, used a combina-
tion of legislation and information campaign 
to overcome this opposition in its successful 
water management effort (box O.3).

Having more reliable information about 
expected climate events can transform deep 

uncertainty into ordinary uncertainty, diminish 
ambiguity aversion, and enable adaptation
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Better weather forecasts improve decision-making in India

Monsoon onsets have shifted in India in recent 
decades, arriving earlier than normal in most 
places (map BO.2.1), and detailed, long-term 
weather forecasts help farmers make more 
informed decisions about when and what to 
plant and about what input amounts to apply. 
Burlig et  al. (2024) evaluated the impact of 
providing farmers (in randomized villages) in 
India detailed, long-term monsoon forecasts. 
Novel, long-range forecasts produced by the 
Potsdam Institute for Climate Impact Research 
(PIK) now make it possible for farmers to know 
40 days in advance when the monsoon will 
arrive. The forecasts have been accurate to 
within one week in each of the past 10 years.

Burling et al. (2024) randomized 250 vil-
lages in Telangana, India, into three groups: one 
that received a forecast offer, one that received 
an index insurance offer, and a control group. 
Between 5 and 10 farmers were sampled in each 
village, and all farmers in the village received 
the same treatment. Comparing the forecast 
and control groups measures the impact of 
receiving the forecast information. Comparing 
the insurance and control groups allows one to 
benchmark the impact of the forecast relative to 
another risk-mitigation strategy. Farmers who 
received a forecast that was “good news,” rela-
tive to what they  thought previously, increased 

investment in their farms and saw higher agri-
cultural profits. Those who received “bad news” 
switched from investing in their farms to invest-
ing in other businesses. Overall, these forecasts 
raised farmers’ per capita food consumption by 
7  percent. Unlike insurance, forecasts have low 
cost of delivery and allow farmers to tailor their 
decisions to the upcoming season.

Source: Based on Burlig et al. 2024.

Map BO.2.1 Monsoon patterns have shifted 
in India

Source: India Meteorological Department, Ministry of 
Earth Sciences, “Monsoon Information,” 2024, https://
mausam.imd.gov.in/responsive​/monsoon​information.php.

BOX O.2

Insurance enables risk-pooling and 
faster recovery
Access to finance is a critical first line of 
defense when climate disasters strike and 
can also help households and firms cope 
with smaller shocks. Loans and credit lines 
support emergency needs and long-term 
investments in self-protection. Access to 
credit and insurance markets enables people 
to smooth consumption, invest in education 

and health, adopt climate-resilient technol-
ogies, and migrate when necessary. Learn-
ing itself is sensitive to temperature: perfor-
mance declines above or below 70° F (21° C). 
A global study of 5,000 fifteen-year-olds in 
214 countries (2000–2015) found that the 
negative effect of hot days on learning was 
substantially smaller where credit access 
expanded more rapidly, allowing the purchase 
of cooling equipment, such as fans and air 

Where access to emergency loans and 
other credit is expanded, people are less 
severely affected by weather shocks

https://mausam.imd.gov.in/responsive/monsooninformation.php
https://mausam.imd.gov.in/responsive/monsooninformation.php


	 MAP O.2  Sub-Saharan Africa remains an information desert with very few weather stations per capita
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-historical-climatology-network-daily.
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	 FIGURE O.5   The accuracy of weather forecasts has improved, but gaps persist between richer 
and poorer countries
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conditioners (figure O.6) (Park, Goodman, and 
Behrer 2021). In Bangladesh, farmers who 
have access to emergency loans make less 
costly adaptation choices and are less severely 
affected when a flood occurs (Lane 2024).

Sizable obstacles remain. Climate uncer-
tainty makes it harder for lenders to assess 

repayment capacity, raising risks and costs—
especially in rural areas with many small, dis-
persed accounts. Greater credit availability can 
also encourage riskier behavior. On the other 
hand, mobile phones and mobile banking have 
markedly improved financial inclusion among 
the poor, creating an important, informal insur-
ance mechanism for climate resilience.

The near-universal adoption of mobile phones 
and their use in banking have dramatically 

improved financial inclusion among the poor
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Japan used transparency and planning in water management to turn 
flood uncertainty into risk

Japan, despite its advanced technological 
capabilities, once faced significant challenges 
in making flood hazard information publicly 
available. Initial attempts to publish flood haz-
ard maps encountered resistance from mul-
tiple stakeholders—politicians, real estate 
developers, local governments, and private 
citizens—all concerned about potential prop-
erty devaluation. This resistance temporarily 
halted progress toward transparency in risk 
communication.

The Tokai Torrential flood of 2000 served 
as a watershed moment in Japan’s approach 
to disaster risk management. This cata-
strophic event severely impacted the Nagoya 
metropolitan area, Japan’s third-largest 
urban center. Approximately 19 square kilo-
meters were inundated due to levee over-
topping on the Shonai River and breaches by 
the Shinkawa River. Over 18,000 homes sus-
tained damage, and authorities evacuated 
nearly 29,000 residents. Evacuation adviso-
ries were issued to approximately 580,000 
people, but actual evacuation rates remained 
critically low.

The inadequate response revealed funda-
mental flaws in disaster risk communication 
and evacuation protocols. Most significantly, 
it demonstrated that public perception of nat-
ural threats had significantly underestimated 
actual risks.

In response to this disaster, Japan enacted 
significant policy reforms. First came legis-
lative change: the Flood Risk Management 
Law was revised to mandate the Minister of 

Land, Infrastructure, Transport and Tourism 
to publish hazard maps. This was followed by 
local implementation, in which local govern-
ments utilized these maps to develop disas-
ter management resources, including evacu-
ation routes, shelter locations, and identified 
hazardous areas. Finally, Japan developed a 
holistic approach. Over the subsequent two 
decades, Japan has continuously evolved 
its strategy, culminating in the River Basin 
Disaster Resilience and Sustainability by All 
initiative—an integrated approach combin-
ing both structural (hard) and non-structural 
(soft) measures across entire river basins

Japan’s experience offers several criti-
cal insights for disaster risk management. 
Science-based hazard maps provide the nec-
essary evidence-based foundation for land-
use regulations that would otherwise face 
legal challenges as arbitrary restrictions on 
private property rights. Even the most robust 
flood protection systems have probability-
based limits that will eventually be exceeded 
by extreme events. This revealed a psycholog-
ical risk: paradoxically, increased structural 
protection can create a dangerous “safety illu-
sion,” reducing risk awareness and potentially 
leading to catastrophic consequences when 
defenses fail. Ultimately, Japan developed a 
balanced approach, recognizing that effective 
flood risk management requires complemen-
tary hard and soft measures. Physical infra-
structure must be supported by robust infor-
mation systems, evacuation planning, and 
land-use policies.

BOX O.3

Governments need to invest in 
establishing industrywide digital 
infrastructure for insurance markets



Insurance is essential for rapid recov-
ery from damaging climate shocks, but 
markets face moral hazards and adverse 
selection. Weather index insurance aims to 
mitigate these frictions, but premiums are 
often high. This is due to load factors, typically 
50–70  percent above base premiums (Cole, 
Giné, and Vickery 2024), and the difficulty of 
pricing in the face of data scarcity and climate 
change limiting demand—especially among 
liquidity-constrained farmers. Basis risk fur-
ther depresses uptake because payout trig-
gers (for example, rainfall recorded at a dis-
tant gauge) may not align with actual losses at 
the farm, creating ambiguity and distrust that 
are amplified by deep climate uncertainty.

Customers value protection against severe 
shocks, but supply has shifted toward cov-
ering moderate events. Climate uncertainty 
raises demand for extreme-event coverage 
(Cole, Giné, and Vickery 2024) while simulta-
neously increasing the cost of supplying it. The 
resulting equilibrium pushes prices up and 
availability down, making products for cata-
strophic risks scarce and often unaffordable. 
In India, for example, farmers showed higher 
demand for insurance against extreme rainfall, 
yet market offerings moved away from such 
coverage: in 2006, policies paid only for rainfall 
above the 92nd percentile (figure O.7); by 2010, 
products were redesigned to pay out more reg-
ularly for moderately deficient rainfall. Although 
farmers preferred the earlier extreme-event 
coverage, only the 2010-style products were 
available, leaving households less protected as 
major climate-related catastrophes intensified 
(Cole, Giné, and Vickery 2024).

Unlike traditional insurance, climate-
shock insurance must contend with deep 
uncertainty. Sound decisions require gran-
ular climate data, and insurers need to verify 
crop conditions and whether properties are 

in climate-vulnerable areas. On-the-ground 
verification is costly; automating it—akin 
to digital financial services—can substan-
tially reduce costs. However, effective rollout 
depends on universal digital IDs, property 
IDs (for property insurance), and village IDs 

	 FIGURE O.6  Hot days are less damaging to learning in 
countries with better access to credit
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Source: Policy Research Report team analysis of data from Park, Goodman, 
and Behrer (2021).
Note: The blue line and the blue confidence interval are the original esti-
mates from Park, Goodman, and Behrer (2021). The red line and pink 
confidence interval show the impacts in countries with credit expansion 
that was one standard deviation above the average in the sample. Test 
scores are from the Program for International Student Assessment.

	 FIGURE O.7  Insurance markets in India have moved away 
from covering extreme climate events
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Source: Cole, Giné, and Vickery 2024.
Note: Payouts were based on historical rainfall data for 1963–2009.

Layered, bundled approaches—for example, 
pairing insurance with new crop varieties—
work better than easing just one constraint
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(for  index and crop insurance; see box O.4 
on overcoming these barriers in traditional 
banking). These unique identifiers enable 
integration of property registries and village 
data with information on soil quality, water 
availability, and other determinants of land 
productivity.6 Equally important, detailed, 
real-time climate and crop-health data from 
satellite imagery can be linked to village IDs to 
streamline crop-loss verification. In India, for 
example, public extension services verify crop 
losses on the ground, and village-level data 
are available on government platforms.

Governments should invest in industry-
wide digital infrastructure for insurance 
markets. Digital land and property registries 
are foundational for scaling digital insurance. 
Innovation can be accelerated by opening 
markets to nontraditional players, such as fin-
techs, and by fast-tracking approvals for new 
products—while safeguarding consumer pro-
tection, data privacy, and the financial sound-
ness of insurers. Many regulatory frameworks 
for digital financial services can be adapted 
for digital insurance. Some fintech firms 
already offer such products; for example, 

Overcoming barriers to traditional banking

The high costs of bank branch networks that serve small accounts, adverse selec-
tion, and moral hazard discourage banks from offering credit to small borrowers. Dig-
ital financial services have tackled all three problems—though not equally—using new 
technology and innovative products. The near-universal adoption of mobile phones and 
their use in mobile banking have dramatically reduced the fixed costs of financial ser-
vices. Progress has been slower in providing credit, though several innovative financial 
products have emerged. Digital financial services have introduced alternative finance 
to compensate for the lack of liquidity in traditional finance channels. In India, finan-
cial technology startups now facilitate peer-to-peer, consumer, and small and medium 
enterprise loans. Such credit—short in duration (a couple of weeks to a year) and 
smaller in size ($50)—can help people cope with weather shocks but is insufficient for 
building longer-term resilience, for example, by investing in drought-resistant seeds or 
weatherproofing properties.

Experience in Africa and Asia shows that the development of digital financial services 
requires a strong set of enabling factors to protect consumers, ensure financial integ-
rity, and create stability. Governments need to invest in modern, robust, accessible, 
and interoperable digital and financial infrastructure and support systems. Regulations 
should make it easy for new players and new approaches by incumbents to offer digital 
financial services, including by promoting competition and establishing a level playing 
field in access to data, technology, and infrastructure. Regulations also need to protect 
consumers through data privacy and fee disclosures rules. By using digital financial ser-
vices for social protection payments, government can also increase demand for these 
services and help expand markets.

Source: Based on Pazarbasioglu et al. 2020.

BOX O.4

Heavily subsidizing insurance premiums 
to encourage resilience actions can distort 
price signals and create disincentives to 
adopting more resilient technology



ACRE Africa provides crop, livestock, and 
index insurance to smallholder farmers in 
Kenya, Rwanda, and Tanzania.

Sensible regulation can increase demand. 
Most countries mandate auto insurance, but 
not insurance against floods, fires, or other 
climate risks for property. In China and India, 
many farmers are insured because coverage 
is required to access credit from banks or 
input suppliers. Such mandates broaden the 
customer base, spread risk, and lower trans-
action costs and premiums. Requiring insur-
ance in hazard-prone areas can reduce the 
need for public bailouts. Simplifying prod-
ucts, speeding up payouts, and allowing inno-
vative bundles and group policies can build 
trust, counter behavioral biases, and encour-
age climate-resilient actions.

Because households face multiple con-
straints, easing just one rarely triggers 
resilience actions. A layered, bundled 
approach can be more effective. For exam-
ple, pairing weather index insurance with 
drought-resistant seeds expands access to 
both and is more cost-effective for lenders, 
since stress-tolerant varieties lower the risk of 
widespread crop failure. The Syngenta Foun-
dation and Kenya’s Kilimo Salama (meaning 
“safe farming”) integrate such bundles into 
value chains, offering index insurance at a 
5 percent premium over the seed price.

Infrastructure facilitates risk sharing 
and risk reduction
Well-integrated, competitive markets—
enabled by high-quality infrastructure—
expand households’ and firms’ adaptation 
options. When people can reliably reach 
product, service, and factor markets, they are 
more likely to invest in self-protection, from 
adopting new technologies to migrating for 

better opportunities. Integrated markets also 
diffuse localized shocks, acting as a de facto 
insurance mechanism. In Nigeria, for exam-
ple, farm households within 5 kilometers of 
a road smooth consumption and recover 
more quickly from weather shocks, whereas 
those farther away suffer significant con-
sumption declines after extreme precipitation 
(figure O.8). Weak market integration—often 
stemming from underinvestment in physical 
infrastructure or from regulatory distortions
—limits such risk sharing.

High transport costs and unreliable infra-
structure sharply curtail market access. In 
Ethiopia and Nigeria, transport distance has 
four to five times the effect on traded-goods 

	 FIGURE O.8  Nigerian households with poor road access 
suffer more from unexpected droughts and excessive rainfalls
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Source: Shilpi and Berg 2024, using data from the Nigeria Living Standards 
Measurement Study Integrated Surveys on Agriculture, 2010/11, 2012/13, 
2015/16, 2018/19.
Note: n = 16,723 over the four waves of the survey. The dependent variable is 
the log of household consumption per capita. Controls include age, gender, 
and highest level of education of the household head; dependency ratio; num-
bers of adults working in agriculture and in wage work; average temperature; 
an indicator for urban location; dummy variables for the month of the inter-
view; and fixed effects at the primary sampling unit level. Standard errors are 
clustered at the primary sampling unit level. The climate damage functions 
are estimated using restricted spline with three knots. The sample for “close” 
includes all households within 5 kilometers of a road, and the sample for “far” 
includes all households located 5 kilometers or more away from a road.

Interventions intended to help people adapt can 
backfire if they are poorly designed or mistimed
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prices as in the United States (Atkin and Don-
aldson 2015). Trucking costs are substantially 
higher in Africa than in developed economies, 
and median trade costs on the continent 
are about five times the global average (Ter-
avaninthorn and Raballand 2009). Limited 
competition compounds these barriers: mar-
ket power by traders in the absence of effec-
tive regulation, or direct policy restrictions 
on entry, weakens the system’s capacity to 
absorb climate shocks. In India, farmers sell-
ing in more competitive markets (75th per-
centile of a competition index) achieve 5 per-
cent more output for each additional day of 
extreme heat than those in far less competi-
tive markets (25th percentile), underscoring 
how competitive markets facilitate risk shar-
ing among farmers, traders, and consumers.

Targeted infrastructure investment is a 
critical policy lever for resilience. Well-
developed transport networks and competi-
tive transport services knit together markets 
for products, inputs, land, housing, and labor. 
By enabling the flow of goods and people, 
integrated systems dissipate the localized 
impacts of shocks and provide an automatic 
buffer.

Beware of moral hazard and climate lock‑in. 
Protective infrastructure and repeated post-
disaster bailouts can create moral hazard—
encouraging settlement and investment in 
high-risk locations on the expectation of future 
protection. In Jakarta, an evaluation of a pro-
posed seawall found that concentrating build-
ers and residents near the wall would likely 
necessitate future bailouts; including the wel-
fare loss from delayed inland migration would 
double the total cost relative to construction 
alone (Hsiao 2023). Protective works can thus 
lock households and firms into vulnerable prod-
ucts and places, amplifying long-run danger 
(Hsiao 2023).

Regulatory frameworks also shape incen-
tives. Even where protective infrastructure 
exists, poorly designed regulations can deter 
private resilience investments. Uncertain 
property rights and onerous land-use rules 
suppress incentives to weatherproof homes, 
plant drought-resistant seeds, improve nat-
ural resource management, or migrate—
investments that must be undertaken well 
before benefits materialize. Secure property 
and tenure rights, by contrast, unlock access 
to credit and encourage longer-horizon 
investments that flatten climate damage 
functions. In Madhya Pradesh, India, slum 
dwellers with land titles spend about twice 
as much on home maintenance and upgrad-
ing as those without titles. Globally, how-
ever, roughly 70 percent of land lacks secure 
tenure, leaving households vulnerable to 
eviction and unable to sell, collateralize, or 
improve their homes—undermining resil-
ience directly and indirectly by slowing eco-
nomic development.

Overly strict zoning in cities can choke the 
supply of safe, affordable housing, pushing 
the poor into informal settlements—the very 
areas most exposed to floods and other haz-
ards (map O.3).7 Governments are tempted 
to build protective infrastructure to safe-
guard these areas, but that leads to increased 
property prices and gentrification. The poor 
sell out and move on to next vulnerable 
place. Nearly 1  billion people live in substan-
dard housing in informal settlements, often 
without secure tenure and with inadequate 
water, sanitation, and drainage; many climate 
migrants simply swap rural risks for urban 
ones.8

Infrastructure investment should be 
guided by risk layering and rigorous 
cost-benefit analysis. In the highest-risk 
areas, managed retreat may be the least-
cost, most humane option. In moderate-risk 

Subsidies and social protection programs 
should not distort incentives to invest in 
self-protection and insurance. Individuals 
should bear part of the risk



areas, combining basic infrastructure (safe 
water, sanitation) with investments in people 
(human capital, skills, and mobility) and with 
strong information and insurance markets 
can manage risks more efficiently. Where 
protective infrastructure is warranted—when 

its returns exceed those from retreat or from 
managing risk in place9—it should be paired 
with credible property-rights reforms, pro-
competition policies, and clear risk informa-
tion so households and firms also invest in 
their own protection and insurance.

	 MAP O.3  Unaffordable housing pushes poor people in Dhaka to settle in climate-vulnerable areas

Source: Data on informal settlements are from World Bank Data Catalog informal settlements maps (ESA EO4SD-
Urban), https://datacatalog.worldbank.org/search/dataset/0041703/Dhaka--Bangladesh----Informal-Settlements--
ESA​-EO4SD-Urban-. Data on flood extent are from World Bank Data Catalog flood maps (ESA EO4SD-Urban), 
https://datacatalog.worldbank.org/search/dataset/0042071/Dhaka--Bangladesh----Flood​-Maps--ESA-EO4SD​
-Urban-. Data on roads are from World Bank Data Catalog transport network maps (ESA EO4SD-Urban), https://
datacatalog.worldbank.org/search/dataset/0042062/Dhaka--Bangladesh----Transport-Network--ESA-EO4SD-Urban-.
Note: Flood extent refers to flooding in 2004, 2007, 2012, or 2016.

Informal settlement

Flood extent

Water body

Roads

Adaptation policies should emphasize 
individuals’ preferences and judgment, 

then mobilize markets where possible, and 
rely on governments where necessary
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Interventions—when timely, targeted, 
and temporary—help people adapt and 
recover faster
Markets for finance, insurance, property, 
and climate-resilient products will take 
time to mature—and income growth that 
eases liquidity constraints is gradual. In 
the interim, governments must help disad-
vantaged and vulnerable households, farms, 
and firms relocate to safer places, invest in 
resilient technologies, and access insur-
ance. Governments also need the capacity 
to respond quickly after disasters to stabi-
lize incomes and help people prepare and 
adapt.

Subsidies and bailouts can undermine 
resilience actions by distorting incen-
tives for effective adaptation. These types 
of government interventions are often nec-
essary to prepare for climate shocks and 
offer protection when shocks occur. But 
when used indiscriminately and repeatedly, 
they create moral hazard, as individuals 
make risky decisions in anticipation of bail-
outs. In many countries, public investments 
and social protection systems shield individ-
uals, firms, and local governments from the 
downside of their decisions, such as where 
to settle or what insurance to buy. Social 
protection tied to a place can also diminish 
people’s sense of urgency for moving out of 
harm’s way.

Subsidized insurance can lock in risk. 
Heavily subsidizing insurance premiums 
may blunt price signals and deter a shift to 
more resilient technologies or products (Col-
lier Skees, and Barnett 2009). In Andhra Pra
desh, India, farmers with subsidized insur-
ance were 6 percentage points more likely to 
plant weather-sensitive cash crops than com-
parable farmers, increasing exposure rather 
than reducing it (Giné 2024).

Social protection can slow necessary mobil-
ity. Workfare and transfer programs help poor 
households recover from shocks but, when 
benefits are generous and place-bound, they 
can discourage emigration from high-risk areas. 
In India, seasonal migration in response to heat 
shocks was almost halted in states providing 
particularly generous financial support under 
the National Rural Employment Guarantee Act 
(2005) (figure O.9) (Kochhar and Song 2024).

	 FIGURE O.9  Government interventions can 
distort private incentives in India 
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Source: Kochhar 2024.
Note: This figure shows the temperature shock effect on 
seasonal migration in India in NREGA star and non-star 
states. NREGA is the Mahatma Gandhi National Rural 
Employment Guarantee Act (2005). The star states—
Andhra Pradesh, Chhattisgarh, Himachal Pradesh, Madhya 
Pradesh, Rajasthan, Tamil Nadu, and Uttarakhand—are 
so-called because they provide much more generous pay-
ments under the NREGA program than non-star states, 
which are all the other states. This figure shows that in star 
states, generous support stifles seasonal migration previ-
ously prompted by heat shocks. The model was estimated 
by a Poisson Pseudo-Maximum Likelihood Estimator and 
includes origin and destination x year fixed effects. Stan-
dard errors are clustered at the origin-district level. 

A timely, targeted social protection 
response can curb short and long-term 
poverty after climate shocks. Subsidies 
and social protection, if well designed, can 
prevent farmers from getting stuck cultivating 

Any policies that promote inclusive growth 
are also effective resilience policies



crops that are not climate resilient and can 
assist households and firms in relocating 
from climate-vulnerable areas to safer areas. 
The additional income from social protec-
tion programs offsets household income and 
asset losses due to climate shocks and helps 
build household savings and increase protec-
tive investments that reduce the impact of 
climate shocks on incomes or assets (often 
because of the conditions imposed for receiv-
ing the transfers) (Bowen et al. 2020). To 
avoid the unintended consequence of com-
promising long-term resilience, subsidies 
and social protection programs should not 
distort incentives to invest in self-protection 
and insurance. Individuals should bear part 
of the risk. And benefits should be contingent 
on behaviors that contribute to climate resil-
ience, be directed to the poor when feasible, 
be portable rather than tied to a place, and be 
rule-based, timely, and temporary.

Many poorer households live in high-
risk areas because that is what they can 
afford. Should governments invest to bol-
ster resilience in place or enable movement 
to safer areas? Equipping people to move 
requires:

•	 Expanding affordable, well-located hous-
ing in safer areas, supported by land-use 
planning, infrastructure, and incentives for 
builders.

•	 Complementary investments in people—
such as skills training and job matching
—so movers can access better employ-
ment in new locations.

By pairing interim, well-designed support 
with policies that enable mobility and mar-
ket development, governments can protect 
livelihoods today without compromising long-
term climate resilience.

Part 3: Designing policy packages to build resilience

Resilience efforts should be layered accord-
ing to the size and frequency of climate 
shocks, with instruments escalating from 
household- and market-based measures 
for frequent, lower-impact events to pub-
lic “insurance of last resort” for rare, cata-
strophic events. A practical organizing frame 
is the “5 I’s”—income, information, insurance, 
infrastructure, and interventions—sequenced 
and combined based on shock severity and 
local capacity.

Income levels influence how households, 
farms, and firms manage climate  threats. 
The extremely poor lack savings and rely on 

emergency measures to cope with climate 
damage. The poor have access to informal 
insurance but cannot afford formal insurance 
even if it is available. Middle income people can 
access some formal credit and insurance. The 
rich face fewer financial constraints and have 
better access to financial and insurance tools. 
These differences highlight the importance of 
tailoring policy tools based on the severity of 
shocks and income levels. This approach is 
used in resilience projects, like a World Bank 
initiative for pastoralists in the Horn of Africa 
(box O.5).

In addition to incomes, how should policy 
makers prioritize the other four I’s?

Resilience is a matter of proportion and balance: 
two-thirds development and one-third adaptation
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For frequent, low-impact shocks, the main 
levers should be income plus information 
(table O.2). These shocks are manageable 
with routine risk-reduction and risk-sharing 
mechanisms that people and markets can 
provide themselves when enabled by good 
information and basic financial access. 

Rising incomes strengthen household and 
firm’s self-insurance through savings, diver-
sified livelihoods, reliable access to markets 
and credit, and prudent production choices. 
Improved climate and market information, 
early warning, and advisories enable timely 
actions that can cut damages substantially 

A layered approach for the climate resilience of pastoralists in 
the Horn of Africa

The Horn of Africa, one of the world’s poorest and most fragile regions, experiences 
severe drought and is home to some 50  million extremely poor pastoralists. Pastoral-
ism and livestock production are the primary livelihoods, accounting for over one-third 
of agricultural GDP in most countries and around four-fifths in Djibouti and Somalia. His-
torically, the number of pastoralists engaging with formal financial services has been low. 
When a drought hits, these vulnerable communities rely on external support, such as 
government emergency response or humanitarian aid.

The World Bank’s De-risking, Inclusion, and Value Enhancement of Pastoral Economies 
(DRIVE) project, a collaborative effort in Djibouti, Ethiopia, Kenya, and Somalia, seeks to 
help pastoralists adapt to the impacts of climate change by providing access to financial 
services. The project supports commercializing livestock production, investing in pastoral-
ist communities, and including assisting women, marginalized groups, and vulnerable pop-
ulations. Up to 1.6 million pastoralists stand to benefit.

The project uses mobile phones to improve access to financial services. For DRIVE’s 
index insurance products, pasture conditions are monitored on the ground through sat-
ellite technology. When the quality of pasture falls below a certain threshold, the insur-
ance payout is triggered automatically and paid directly to pastoralists through mobile 
money transfers. The project helps pastoralists shift from asset replacement to asset 
protection: the payout allows pastoralists to buy water, fodder, and medicine to keep the 
core breeding stock alive during a severe drought rather than having to replace the ani-
mals lost during a drought. The insurance provides affected households with rapid pay-
outs at the onset of a drought, much faster than the wait for humanitarian assistance.

Smart subsidies have been put in place to reach a sustainable subsidy level at the end 
of the program. They include partial contributions from pastoralists (10–30 percent of 
the premium cost except for those covered by social protection), capping subsidies by 
the number of animals, and calibrating premiums to country conditions (higher in Kenya 
than Somalia). After one year of implementation, DRIVE is already covering around 
1  million people in Ethiopia, Kenya, and Somalia with payment accounts, savings, and 
insurance.

Source: Based on Mahul 2024.

BOX O.5



and have high benefit-cost ratios. Examples 
include weather and price information ser-
vices; savings products and working capital 
credit; and low-cost, no-regrets measures 
(e.g., drainage clearing, minor retrofits, crop 
diversification).

For less frequent, larger (material but 
not catastrophic) shocks, the levers are 
income plus information plus insurance 
plus infrastructure. As shocks get more 
severe, private self-insurance becomes insuf-
ficient; risk-pooling and public goods are 
needed to avoid deep consumption cuts and 
long recoveries. Formal risk-pooling (e.g., 
index or bundled insurance, risk-sharing via 
cooperatives/value chains) on top of house-
hold coping and market access gains impor-
tance. Investments in protective and con-
nective infrastructure reduce losses (e.g., 
flood-proofing critical assets, resilient trans-
port for supply continuity).

For rare and catastrophic events, inter-
ventions​—with public support as a last 
resort—should be brought to bear, along 
with income, information, insurance, 
and infrastructure. Because catastrophic 
events overwhelm private and market mech-
anisms, rapid, predictable public support is 
essential to prevent long-term scarring and 
enable rebuilding. This includes rule-based, 
timely, and temporary disaster assistance 

through adaptive social protection as well as 
exceptional fiscal risk-financing (e.g., contin-
gent credit, budget reallocations, catastro-
phe instruments) to fund surge response 
and early recovery.

Conclusion
Resilience is a matter of proportion and bal-
ance: the right balance is two-thirds devel-
opment and one-third adaptation. The exact 
ratio will vary by place and peril, but the 
sequencing is immutable: prioritize income 
growth, then reliable information, then pri-
vate insurance, with public infrastructure 
and social policy interventions rounding 
out the package. Call it the “5 I’s”: income, 
information, insurance, infrastructure, and 
interventions.

•	 Rapid income growth—because it unlocks 
many other resilience investments and 
reduces vulnerability everywhere.

•	 Reliable public information systems—
because they convert paralyzing uncer-
tainty into actionable risk, improving every 
decision that follows.

•	 Robust private insurance markets—
because they finance recovery and sustain 
productive risk-taking.

•	 Resilient infrastructure—because it pro-
tects lives and sustains economic function 
(but design and regulate it to avoid moral 
hazard).

	 TABLE O.2  A calibrated 5 I’s strategy: income, information, insurance, infrastructure, and targeted 
interventions

Frequency and severity 
of climate-related loss Individuals Markets Governments

Frequent but low impact 
event

Income (self-insurance 
or savings)

Information

Less frequent but larger 
events

Income Information and insurance Infrastructure

Rare but extreme events Information and insurance Insurance and interventions

Source: Policy Research Report team.
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•	 Rational social policy interventions—
because they prevent irreversible losses and 
enable mobility, without dulling risk signals.

These instruments need to be layered by 
hazard frequency and severity. For frequent, 
lower-impact events, income and informa-
tion should carry most of the load. As shocks 
become rarer but larger, insurance and infra-
structure will have to shoulder much of the 
burden. Even the most effective combination 
of these four factors will sometimes not be 
enough, especially in the poorest countries, 
very poor places, and when climatic shocks 
affect poor people. For catastrophic extremes, 
all five will be necessary.

Getting the mix right means reassigning 
roles. Governments should stop trying to 

be the insurer of first resort for every loss. 
Instead, they should pay a lot more atten-
tion to three things: enabling broad-based 
growth, building credible information sys-
tems; and supporting and regulating insur-
ance markets so that they provide afford-
able and reliable support to those who suffer 
losses. International institutions should 
assess resilience spending less by miles of 
seawall built and more by whether house-
holds and enterprises are being provided 
the information and insurance instruments 
to efficiently assess, price, and manage risk. 
And everyone should invest in learning more 
about climate change—because it is not 
going to stop any time soon.
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1  Rising Climate Shocks, Lagging 
Resilience

Facing uncertainty with 
stronger systems
The expected rise in global temperature has 
long been framed as something that policy 
makers will need to deal with in the future. 
Yet there is already abundant evidence of fre-
quent, severe, and persistent impacts that can 
be attributed to a changing climate. Impacts 
are felt in high-income countries as much as 
in poorer countries. But the consequences 
are greater in places that already struggle to 
provide decent living standards for all. Bet-
ter adaptation policies that help households, 
farms, and firms become more resilient are 
thus an urgent development priority. But the 
ability to design such policies is hampered by 
the inability to properly measure and monitor 
resilience.

A growing body of research summarized 
in this chapter shows that changes in tem-
perature and the weather events that result 
can compromise human health, education, 
farm yields, and business productivity. Slow 
but persistent changes make it harder to 
maintain livelihoods, let alone improve them. 
More catastrophic events like cyclones or 
major floods—reliably attributed to rising 
temperatures—cause direct damage and can 
have long-lasting welfare effects. Worryingly, 
warming trends may have accelerated, mak-
ing it even more pressing to formulate effec-
tive resilience policies.

Understanding the effectiveness of policies 
is essential, but there still is no comprehensive 
framework to properly measure and moni-
tor resilience. Reliable systems are already 

available to monitor changes in greenhouse 
gas emissions and thus successes in mitiga-
tion. But devising a similar system for adapta-
tion is difficult because of the greater diversity 
in the types of impacts, the entities affected, 
and the factors that increase or reduce vul-
nerability. What can be monitored are “adap-
tation inputs,” such as the investments made 
or institutions created to promote resilience. 
Needed now are corresponding methods to 
also measure outcomes in lives saved, dam-
age avoided, and livelihoods restored.

This chapter presents evidence on the 
shifting nature of climate change. It discusses 
evidence of the impact of weather shocks on 
households, farmers, and firms. It  proposes 
a simple framework to track adaptation and 
coping progress. And it highlights four styl-
ized facts: climate change is getting worse; 
poor countries and people are more vulner-
able; poor countries and poor areas suffer 
larger losses from weather shocks; and adap-
tation progress and recovery rates are slower 
for poor countries than for richer countries.

Climate shocks are already severe and 
will only get worse
Global temperatures have already risen to 
between 1.3º and 1.5º Celsius above pre-
industrial levels (NOAA 2024), and there are 
worrying signs that warming is accelerating: 
from 1850 to 2024, temperatures rose at 
an average of 0.06º  C per decade. But since 
1970, temperature rise has accelerated dra-
matically. Sea surface temperatures posted 
a new high every day in 2023. These trends 
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suggest that harmful weather events—such 
as extreme storms, droughts, heat waves, and 
wildfires—will become even more frequent 
and severe as global warming intensifies.1

Impacts from global temperature rise are sig-
nificant and will become ever harsher. Over the 
past 50 years, dry episodes have been increas-
ing in frequency and severity and spreading 
geographically, with substantial subnational 
variability (USGS n.d.). By 2050, droughts could 
affect more than three-quarters of the world’s 
population, and an estimated  4.8–5.7  billion 
people will live in water-scarce areas for at 
least one month each year, up from 3.6  billion 
today (United Nations 2022). Since 2000, 255–
290 million people (3 percent of the global pop-
ulation) have been directly exposed to flooding 
(Tellman et al. 2021). If the current greenhouse 
gas emissions trajectory continues,2 vulner-
ability to flood damage along densely popu-
lated coastlines will increase fivefold compared 
with a  future without climate change (Climate 
Impact Lab 2023). With a warmer climate, a 
once-in-a-100-year storm in the United States 
is now expected to occur once in about every 
56 years (Mendelsohn, Emanuel, and Chona-
bayashi 2010). In Bangladesh, a once-in-a-600-
year cyclone can return in a mere 47 years (Qiu, 
Ravela, and Emanuel 2023). And over time, 
strong storms will hit the same regions repeat-
edly, especially near the Caribbean, Gulf of Mex-
ico, and the Philippines. Small island developing 
states are especially vulnerable to these power-
ful storms and rising sea levels.

These stark projections may seem like 
something that will happen in the distant 
future, but some of the shocks are already 
happening. In May 2024, southern Brazil expe-
rienced devastation from climate-induced 
severe flooding. This flooding was character-
ized as an “extremely rare” event with return 
periods of 100 to 250 years but would be rarer 
still in the absence of global warming (Clarke 
et al. 2024; Ledur 2024). Temperatures that 

shattered a 122–year record during March–
April 2024 brought a brutal heat wave that 
swept India. Delhi and other cities recorded 
temperatures above 50º  C in May, with New 
Delhi reaching 52º  C (Times of India 2024). 
The average person on Earth experienced  26 
more days of abnormally high tempera-
tures  over the period May 2023 through May 
2024 than would have been the case without 
human-induced climate change (Zhong 2024).

Climate shocks hurt poorer countries 
and poorer people most
Poorer countries suffer greater losses of life 
from natural hazards, while richer countries 
experience greater (and growing) physical 
damages.3 Between 1998 and 2017, natu-
ral disasters killed 1.3  million people and left 
4.4 billion injured (CRED and UNISDR 2018). 
Since 1960, lower-middle-income countries 
and high-income countries experienced sim-
ilar numbers of disasters, yet lower-middle-
income countries experienced more than six 
times as many deaths.4 South Asia and Sub-
Saharan Africa experienced the highest mor-
tality rates from such disasters.

Climate risk is usually defined as a combi-
nation of hazard, exposure, and vulnerability 
(see box 1.1 for definitions of terms used fre-
quently in this report). Hazard is the potential 
occurrence of an extreme event. Exposure 
refers to the people subject to such an event. 
And vulnerability is the predisposition of those 
people to be adversely affected (Doan et al. 
2023). Recent estimates suggest that about 
4.5  billion people were exposed to extreme 
weather events (flood, drought, cyclone, or 
heat wave) in 2019, up from 4  billion in 2010 
(Doan et al. 2023). Of people exposed in 2019, 
2.3  billion lived on less than $6.85 a day and 
about 400 million lived in extreme poverty (on 
less than $2.15 a day). Many of the most vul-
nerable people live in poorer countries in Africa 
and South and Southeast Asia (map 1.1).

Poorer countries suffer greater losses 
of life from natural hazards, while 
richer countries experience greater 
(and growing) physical damages



Poorer countries will continue to bear the 
brunt of the impacts of climate shocks. Esti-
mated welfare effects—welfare constituting 
utility from consumption of goods and local 
amenities—range from welfare losses as large 
as 15  percent in Africa and Latin America to 

moderate gains in northern regions (Cruz 
Alvarez and Rossi-Hansberg 2024). Some of 
today’s poor and hot locations will suffer sub-
stantial damage, while today’s cold areas are 
projected to benefit from rising temperatures 
(Carleton et al. 2022).

A word about words

Term	 Definition
Adaptation	 The ex ante process of increasing resilience and reducing vulnerability by altering 

behaviors, systems, and ways of life
Coping	 Short-term and ex post responses to a disaster that may not contribute to long-

term resilience
Disaster	 A hazard’s negative effect on society
Disaster risk	 Uncertainty about disaster, a function of hazard, exposure, and vulnerability
Exposure	 People and property subject to hazard
Hazard	 Natural phenomena (floods, storms, droughts, cyclones) with adverse effects on 

lives, livelihoods, and living standards
Resilience	 The capacity to prepare for disruptions, recover from shocks, and grow from a 

disruptive experience—the opposite of vulnerability
Vulnerability	 The tendency to be more adversely affected by hazards

BOX 1.1

	 MAP 1.1  Poor countries have higher shares of population exposed and vulnerable to climate shocks

IBRD 48654  |
FEBRUARY 2025

EXPOSED AND VULNERABLE
TO CLIMATE SHOCKS 
(% OF POPULATION)

0–10
10–25
25–50
50–75
75–100

Source: World Bank calculations based on Doan et al. 2023.
Note: The gray areas indicate territories for which data are lacking or insufficient.

Economic growth is inextricably 
related to resilience
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Income growth as a shield 
against vulnerability
Economic growth is inextricably related to 
resilience because income growth enables 
preparing for and responding to climate-
related impacts and thus building resilience,

Income growth makes it easier for 
individuals and governments to 
prepare for and respond to disruptions
People are better able to deal with climate 
shocks when they have higher levels of wealth 
and income. Higher income provides insur-
ance against the possibility that even a small 
shock will jeopardize survival, thereby reduc-
ing the stakes involved in climate shocks. 
An increase in income enables households, 
farms, and firms to adapt better to climate 
shocks. The effects of higher income on cli-
mate resilience apply to governments as well 
as individuals. Higher tax revenues enable 
governments to finance infrastructure and 
services that directly contribute to people’s 
resilience. Similarly, higher revenues allow 
governments to invest in risk reduction and 
disaster preparation and recovery.

People can also adapt by learning from 
repeated exposure. The relative importance 
of these two means of adaptation—income 
growth and learning—can guide the focus of 
resilience policies. An influential study pre-
dicted the relative importance of these two 
means of adaptation for the mortality effects 
of climate change (the climate damage func-
tion) (figure 1.2) (Carleton et  al. 2022). With-
out income growth or learning, the climate 
damage function would be very steep, with the 
mortality rate rising rapidly over time (red line 
in figure 1.2). Income growth with no learning 
lowers the climate damage function (blue line), 
while income growth plus learning lowers the 
climate damage function even more (green 
line). The predictions suggest that nearly four-
fifths of resilience to rising temperature by 
the end of the century will come from a rise in 
per  capita GDP and the other one-fifth from 
learning associated with long-term exposure 
(Carleton et al. 2022).

Income growth and development can 
build resilience in many ways
Structural change accompanying develop-
ment often reduces exposure to shocks. 

	 FIGURE 1.1  Income growth will be pivotal in dampening the mortality effect of rising 
temperatures, but learning also has an impact

0
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Mortality
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Source: Carleton et al. 2022.

Structural change accompanying development 
often reduces exposure to shocks



Agriculture is one of the most climate-
sensitive sectors, as climate change reduces 
crop yields, increases pest infestations, and 
disrupts food security. By diversifying income 
sources, and moving to urban areas, people 
can reduce their dependence on agriculture 
and improve their access to markets and such 
basic services as health, education, water, 
and sanitation—all increasing their resilience 
to shocks. Higher tax revenues help the gov-
ernment invest in basic infrastructure and 
services (such as sanitation, safe water, and 
health care) that can significantly reduce vul-
nerability. Public investments in information, 
social protection, and research and develop-
ment (providing better technology) can also 
build resilience.

Climate resilience cannot be separated 
from economic development
The overlap is considerable between what is 
good for climate resilience and what is good for 
economic development because the problem 
of climate resilience is, in many ways, a prob-
lem of economic development. But relying on 
economic development alone cannot solve the 
resilience problem since resilience also influ-
ences economic development (box 1.2).

Poverty deepens exposure 
to climate risk
Empirical evidence establishes three key 
ways that poorer countries, areas, and peo-
ple are falling behind richer countries, areas, 
and people in climate resilience: the adverse 
impacts of climate shocks on them are much 
larger, implying that they are not as well pre-
pared; adaptation to climate shocks is more 
muted for them, implying that they are unable 
to invest in adaptation either financially or 
through learning; and recovery from climate 
shocks is much slower for them, implying lon-
ger exposure to the adverse effects of climate 
change.

Poorer countries and poorer people 
suffer most from climate shocks
Climate shocks can have significant adverse 
impacts on a wide range of outcomes—from 
mortality to firm and farm productivity, to 
human capital, household welfare, and over-
all economic growth. Precipitation shocks and 
droughts substantially reduce economic growth 
in poor countries.5 And climate change already 
affects micro-level economic and broader wel-
fare outcomes for households, farms, and firms. 
Unsurprisingly, the adverse effects are greater 
for lower-income groups and small agricultural 
and nonagricultural operations.

Households
Human capital is a key factor determining eco-
nomic growth and welfare in the long run, but 
weather shocks can adversely affect human 
capital by dampening its formation and increas-
ing mortality. Hotter days and drier months 
raise overall mortality and infant mortality rates 
(Burgess et al. 2017; Banerjee and Maharaj 
2020; Geruso and Spears 2018). For devel-
oping countries, the mortality effects of hot-
ter days are considerable and comparable to 
those observed for the United States before 
the widespread adoption of air conditioning 
between 1930 and 1959 (Geruso and Spears 
2018). The larger adverse effects could be due 
to the greater exposure to shocks and the lack 
of adaptation responses.

The direct effects of temperature shocks on 
human capital formation are greater in devel-
oping economies than in advanced economies. 
Both high temperatures (above 21o C) and low 
temperatures (below 15o C) impair learning out-
comes, with hot days having a worse impact on 
math scores in India (figure 1.2).6 Each addi-
tional hot day is associated with a 3  percent 
drop in math scores and a 2  percent drop in 
reading scores.7 The adverse effects of hotter 
temperatures are stronger during agricultural 
growing seasons, when hotter temperatures 

Weather shocks can adversely affect the 
formation of human capital by dampening 

its formation and increasing mortality
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also reduce crop yields and income (Garg, Gag-
nani, and Taraz 2020). The extent of the esti-
mated effect is much greater in India (Garg, 
Gagnani, and Taraz 2020) than in higher-
income countries, such as the Republic of Korea 
and the United States (Graff-Zivin, Hsiang, 
and Neidell 2018; Park 2020). Estimates from 
the United States suggest that the damage to 
human capital in reduced lifetime earnings is 
equivalent to the assessed property losses from 
large storms (Opper, Park, and Husted 2023).

Farms
Flooding is among the costliest climate-related 
shocks causing fatalities and property dam-
age (Hallegatte et al. 2017). Farm households 
in poorer areas face a larger reduction in con-
sumption from flooding than those in richer 
areas.8 In Nigeria, households in poorer com-
munities experienced larger consumption 
losses from drought and wet shocks than did 
other households  (figure  1.3).9 Poor areas are 
more reliant on farming, and both drought 

Firms in poorer countries suffer a 12 percent 
decline in sales revenue due to a unit 
increase in temperature variability

Economic growth depends on resilience to climate shocks

Just as climate resilience depends on income 
growth and economic development, economic 
growth depends on climate resilience—for 
three reasons. First, if income growth could lift 
people out of poverty faster than the impacts 
of climate shocks rise, countries could depend 
more on economic development to ensure 
resilience, except in the case of catastrophic 
events. But the damage from climate shocks 
are already outpacing the rate of economic 
growth, so active resilience policies are neces-
sary—and becoming more urgent.

Second, climate resilience is needed not just 
on humanitarian grounds but also because 
climate impacts threaten hard-earned devel-
opment gains. Severe shocks force firms to 
close, households to slide into poverty, and 
farmers to lose productive assets. In Senegal, 
households affected by natural disasters were 
25 percent more likely to fall into poverty.1 In 
Nigeria, 15 percent of farm households sold 
assets to cope with severe flooding. In India, 
the average cyclone reduces firms’ sales by 
3.1 percent and destroys 2.2 percent of their 
fixed assets.2 Cyclones can wipe out decades 
of economic development in a few hours, and 
economies can struggle many more decades 
to recover.3 In Bangladesh, Thailand, and 
Viet Nam, the expected loss in per capita GDP 

from sea level rise is 5–10 percent by the end 
of the century.4

Third, economic development requires 
long-term, irreversible investments. Neither 
domestic nor foreign investors have incentives 
to make those investments when the damages 
expected from climate shocks are large and 
frequent amid deep uncertainty. So, climate 
shocks involve a large growth penalty. From 
1990 to 2014, moderate to extreme droughts 
reduced GDP per capita growth between 
0.39 and 0.85 percentage points, on average, 
depending on baseline climate conditions and 
a country’s level of development, with low- and 
middle-income countries in arid areas sustain-
ing the highest relative losses.5 With climate 
shocks accelerating, these losses will become 
greater over time. Because of this co-depen-
dence between growth and resilience, policies 
that are simultaneously good for growth and 
resilience should get priority.6

Notes
1. Dang, Lanjouw, and Swinkels 2014; Hallegatte et al. 2017.
2. Pelli et al. 2023.
3. Hsiang and Jina 2014.
4. Cruz Alvarez and Rossi-Hansberg 2024.
5. Zaveri, Damania, and Engle 2023.
6. �See Hallegatte et al. (2017) for a similar point on the 

complementarity of poverty reduction and disaster 
management.

BOX 1.2



	 FIGURE 1.2  Students in India learn less on unusually hotter and colder days
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Association between temperature and students’ test score Math Reading
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interval

Source: For math and reading scores, the Annual Status of Education Report (ASER) for India, 2007–14, https://asercentre​
.org/trends-over-time-reports/; for climate data, Garg, Jagnani, and Tarax 2020.
Note: n = 3,989,587 observations. The bands indicate a 95 percent confidence interval. This figure displays the esti-
mated coefficients of high and low temperature dummy variables during the previous year’s growing season. Low tem-
peratures are those below 15º  C and high temperatures are those above 21º  C. The regression of normalized math 
or reading scores on the temperature dummy variable controls for high and low rainfall, high and low humidity, and 
dummy variables for year, child age, and district.

	 FIGURE 1.3  Weather shocks reduce consumption for households in poorer areas of Nigeria

–3 –2 –1 0 1 2 3
–0.4

–0.2

0.0

0.2

0.4

Log(consumption)

Standardized Precipitation Evapotranspiration Index
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Poor

Nonpoor

Source: Shilpi and Berg 2024, using data from the Nigeria Living Standards Measurement Study Integrated Surveys on 
Agriculture, 2010/11, 2012/13, 2015/16, 2018/19.
Note: n = 16,723 over the four waves of the surveys. The dependent variable is the log of total per capita consumption 
by households. Controls include age, gender, and highest level of education of household head; dependency ratio; num-
ber of adults working in agriculture and in wage work; average temperature; indicator for urban location; dummy vari-
ables for month of interview; and fixed effects at the primary sampling unit (psu) level. Standard errors are clustered at 
the psu level. Poor areas are defined as those with a psu in the lower 70 percent of the nightlight intensity distribution, 
and rich areas as those with a psu in the top 30 percent of the distribution. The climate damage functions are estimated 
using a restricted spline with three knots.

Technological solutions to deal with 
climate events often require expensive 

investment and so are adopted only 
sparsely in developing countries
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and excessive precipitation can affect farm-
ing adversely. Consumption is not sensitive to 
weather shocks in nonpoor areas. During the 
severe flooding in Nigeria in 2012, farmers lost 
on average around 20 percent of crop produc-
tion and 40 percent of crop value, but there was 
considerable variation in losses across areas 
(Bangalore 2022). The destruction of crops 
reduced labor demand, spreading income 
losses among all households in affected areas. 
The income losses become significant when 
nonagricultural sectors are not flexible enough 
to absorb the additional labor supply released 
from agriculture due to weather shocks (Colmer 
2021).

Firms
Firms in poorer countries (low- and lower-
middle-income countries) suffer higher losses 
in sales due to higher temperature variability 
than those in higher-income countries (upper-
middle-  and high-income countries). Firms in 
poorer countries suffer a 12  percent decline 
in sales revenue due to a unit increase in tem-
perature variability (figure 1.4). In richer coun-
tries, the average decline is about 7 percent.10

The stronger negative association between 
temperature variability and firm sales in poorer 
countries is not due to the frequency or magni-
tude of temperature anomalies. Higher-income 
countries experienced more heat anomalies 
than poorer countries during the study period 
(Lang et al. 2024). Lower labor productivity is 
usually the main source of the reduction in sales 
in poorer countries (Tham 2004; Heal and Park 
2015; Dunne, Stouffer, and John 2013; Adhvaryu, 
Kala, and Nyshadham 2020; Masuda et al. 2020; 
Somanathan et al. 2021; LoPalo 2023). Labor 
productivity is lower because excessive heat 
compromises cognitive performance, requires 
frequent work breaks, and induces higher absen-
teeism and shirking.11 Very few firms in poorer 
countries have modern cooling systems in their 
workplaces (Somanathan et al. 2021).

	 FIGURE 1.4  Firms in poorer countries 
experience larger declines in sales revenue due 
to higher temperature variability
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Association between temperature variability and �rms’ sales
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Source: Lang et  al. 2024, using data from World Bank 
Enterprise Surveys conducted between 2010 and 2023 
and covering 135 countries.
Note: Temperature variability is measured by the coeffi-
cient of variation, which is the standard deviation of tem-
perature in a fiscal year divided by the mean temperature 
in the same fiscal year. The dependent variable is log(rev-
enues), and controls include the coefficient of variation 
and the number of days with temperatures above 35°C in 
a given fiscal year and country by Enterprise Survey round 
fixed effects. The estimated coefficients plotted in the fig-
ure show the association between a one-unit increase in 
the coefficient of variation and sales revenues. All standard 
errors are clustered at the level of Enterprise Survey strata. 
Low-income countries include all countries classified as 
low income and lower-middle income, and higher-income 
countries include all countries classified as upper-middle 
income and high income countries using the World Bank 
income classification. For more detail, see the background 
paper for this report by Lang et al. (2024).

Adaptation responses are muted in 
poorer countries
A recent study finds that even in most 
developed countries, adaptation actions 
have been largely unsuccessful in mean-
ingfully reducing climate impacts in aggre-
gate (Burke et al. 2024). The larger adverse 
impacts of weather shocks in poorer coun-
tries discussed above might suggest that 
economic agents in these countries are not 

Firms do not adapt to temperature variability 
in either low- or high-income countries



	 FIGURE 1.5  Student test scores in typically hotter places are less affected by higher temperature 
in Ethiopia
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Source: Srivastava, Tafere, and Behrer 2024.
Note: Estimates are from linear regressions using year, school, and stream fixed effects. The dependent variable is the 
standardized 12th grade test scores. Schools are divided into quartiles based on the mean number of days that each 
school experienced temperatures above 30° C; the subheads represent the subsample of quartile 1–3 (n = 1,813,086 
schools) and quartile 4 (n = 319,549). All regressors include the number of days in the temperature bin. All regressions 
control for the number of days in the precipitation bins. Errors are clustered at the school level.

adapting as much as those in rich countries. 
But are they making some progress over 
time? Resilience progress in this report is 
tracked by estimating climate damage glob-
ally, nationally, and locally.

Adaptation and recovery efforts in poorer 
countries fall well short of efforts in richer 
countries
Economic agents usually adapt better to cli-
mate shocks if they have a history of dealing 
with them. Technological solutions to deal 
with climate events often require expensive 
investment and so are adopted only sparsely 
in developing countries. But people can learn 
from repeated exposure to the same type of 
event and may find lower-cost ways to adapt. 
For instance, while few people can afford air 
conditioning, houses can be built to have bet-
ter ventilation, working and learning hours 

can be adjusted to avoid the hottest hours of 
the day, and communities can come together 
to develop self-insurance, protection, and 
coping mechanisms. There is some evidence 
of adaptation that can be achieved in poorer 
countries without incurring high costs. For 
instance, although high temperatures lower 
children’s learning outcomes, performance 
losses are lower in typically hotter regions in 
Ethiopia (figure 1.5) (Srivastava, Tafere, and 
Behrer 2024). This adaptation is not due to 
schools having fans, evaporative air cooling, 
or air conditioning, but simply becoming used 
to it, up to a point.

Some adaptation to flooding shocks is 
also reported at the city level but mostly in 
developed countries. Cities in high-income 
countries with a higher frequency of extreme 
weather events during 1970–2010 saw fewer 
deaths per disaster during the 2000–2018 

Firms in poorer countries that have more 
experience with temperature variability 

do not necessarily adjust to it
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period (figure 1.6).12 In contrast, cities in low-
income countries that previously had more 
extreme events had more deaths per disaster. 
The difference between rich and poor coun-
tries in this case arises from rich countries’ 
ability to adapt to recurring extreme flooding.

Firms do not adapt to temperature vari-
ability in either low- or high-income coun-
tries (figure 1.7). If firms learned to adapt 
to repeated weather shocks, the impact of 
similar shocks would fall over time, but this 
appears not to be the case for firms in low-
income countries. The associations between 
temperature variability and sales are negative 
for data collected both before and after 2017 
in low-income countries, and there is no evi-
dence of the association becoming weaker 
over time. For high-income countries, the 
association is insignificant but positive before 
2017 and negative and statistically significant 
after 2017. The higher-income countries expe-
rienced greater temperature variability after 

2017 than before. This may partly explain the 
lack of adaptation, but that is not the case for 
low-income countries, where temperature 
variability did not differ between the two peri-
ods (Lang et al. 2024).

In Nigeria, farm households adapted to 
drought shocks but not to excessive precipita-
tion (wet) shocks (figure 1.8). The proportion 
of households affected by drought conditions 
went up in Nigeria over the first three sur-
vey waves (2010/11, 2012/13, and 2015/16.), 
whereas the impact of drought on consump-
tion diminished and became statistically indis-
tinguishable from 0 (no effect) by 2018/19.13 
For wet conditions, little adaptation appears 
to have occurred. The effect of wet condi-
tions on consumption is higher the higher 
the proportion of exposed households. More 
detailed analysis indicates that households 
in richer areas are less exposed than those in 
poorer areas to both types of shocks and that 
their  consumption is not affected by  them. 

The speed of recovery is an important 
determinant of resilience

	 FIGURE 1.6  Mortality from flooding is higher in cities in low-income countries than in high-income 
countries
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Source: Gandhi et al. 2022.
Note: The bars show the estimated coefficients for the vulnerability of a city for its population growth rate (red) and 
death toll (blue). Black whiskers show the standard deviation. The regression for the population growth rate controls 
for baseline GDP per capita, built-up areas, city population, and country fixed effects. The regression for the death toll 
controls for baseline GDP per capita, population, regional fixed effects, and dummy variables for geography and topog-
raphy (high elevation, capital or coastal city).



It takes two months for low-income 
cities to recover from extreme precipitation 

events—twice the time it takes cities 
in a rich country to recover

	 FIGURE 1.8  Farmers in Nigeria appear to adapt to drought but not to excessive wet conditions
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Source: Shilpi and Berg 2024, using data from the Nigeria Living Standards Measurement Study Integrated Surveys on 
Agriculture, 2010/11, 2012/13, 2015/16, and 2018/19.
Note: n = 16,723 observations over the four waves of the survey. The dependent variable is a log of total per capita con-
sumption by households. Controls include age, gender, and highest level of education of household head; dependency 
ratio; number of adults working in agriculture and in wage work; average temperature indicator for urban location; dummy 
variables for month of interview; and fixed effects at the primary sampling unit (psu) level. Standard errors are clustered 
at the psu level. Drought conditions are defined as a psu in the lower 20 percent of the Standardized Precipitation Evapo-
transpiration Index distribution and wet condition as a psu in the top 20 percent of the distribution. The lightly shaded 
areas are 95 percent confidence intervals, and the lines represent the estimated coefficients of shocks (drought and wet) 
on log of per capita consumption. The histograms represent the proportion of households affected by a shock each year.

	 FIGURE 1.7  Firms adapt little over time to disaster shocks
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Source: Lang et al. 2024, using data from World Bank Enterprise Surveys conducted between 2010 and 2023 covering 
135 countries.
Note: Temperature variability is measured by the coefficient of variation, which is the standard deviation of temperature in 
a fiscal year divided by the mean temperature in the same fiscal year. The dependent variable is log(revenues), and controls 
are the coefficient of variation and the number of days above 35°C in a given fiscal year and country by Enterprise Sur-
vey round fixed effects. The estimated coefficients plotted in the figure show the association between a one-unit increase 
in the coefficient of variation and sales revenues. All standard errors are clustered at the level of Enterprise Survey strata. 
Low-income countries include all countries classified as low income and lower-middle income, and higher-income countries 
include all countries classified as upper-middle income and high income using the World Bank income classification.
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The pattern for households in poorer areas is 
similar to that for farm households.

The adaptation response is also negligible 
for farmers. In India, the percentage of short-
run impacts offset by adaptation in the long 
run is close to 0 (figure 1.9). In fact, the del-
eterious impact of weather shocks is higher 
over the long run than the short run.

More experience does not always translate 
into more adaptation
Firms in poorer countries that have more 
experience with temperature variability do not 
necessarily adjust to it (figure 1.10). A study of 
firms in a large cross-country dataset divided 
the firms into two groups: those in the lower 
half of the long-term coefficient of variation of 
temperature distribution (less experienced) 
and those in the upper half of the distribu-
tion (more experienced) (Lang et al. 2024). 
In low-income countries, firms in areas with 
greater temperature variability over the long 
term experienced a higher drop in sales than 
firms in areas with lower long-term variability. 

In high-income countries, in contrast, inexpe-
rienced firms suffered greater sales reduc-
tions, as would be expected.

For farm households in Nigeria, flood-
prone areas are low lying and less sus-
ceptible to drought, and areas away from 
flood-prone areas are more drought-prone. 
Consumption losses from flood shocks are 
higher within 2.5 kilometers (km) of an area 
with a high likelihood of a one-in-five flood,14 
while consumption losses from drought are 
higher for households more than 2.5 km away 
from flood-prone areas. Greater exposure 
to a weather shock is not associated with a 
smaller reduction in consumption, implying 
that little adaptation takes place (figure 1.11). 
The densities of the Standardized Precipita-
tion Evapotranspiration Index indicate that 
poor areas are hit more frequently by shocks 
than nonpoor areas (Shilpi and Berg 2024). 
These two pieces of evidence suggest that 
poor people are more likely to live in more vul-
nerable areas and to suffer losses from either 
of the shocks.

Resilience to climate change will ultimately 
depend on the adaptation decisions of millions 
of individual households, farms, and firms

	 FIGURE 1.9  Farmers in India do not adapt to temperature shocks in the long run

–400 –200 0 200 400

Rabi (1990–2015)

Kharif (1990–2015)

Rabi (1970–2015)

Kharif (1970–2015)

Impact o�set

Source: Kochhar and Song 2024.
Note: The figure shows the percentage of the short-run impacts of extreme heat on agricultural productivity for Kharif 
(June–November) and Rabi (November–April) cropping seasons that are mitigated in the long run. Each box plot cor-
responds to a particular season and time period, as labeled on the left. The light blue line in each distribution is the 
median, the blue dot the mean, the dark blue box the interquartile range, and the whiskers the 5th to 95th percentiles. 
The red dashed lines in each box plot represent the two-sided confidence intervals for the test that the impact offset is 
equal to 0.



The design of effective policy tools to 
promote resilience requires understanding 

how uncertainty shapes the behavior of 
people, markets, and governments

	 FIGURE 1.10  Firms in poor countries experience greater declines in sales if they are in areas with more long-
term exposure to temperature variability

Association between temperature
variability and �rms’ sales

Low-income countries
High-income countries

–0.6

–0.3

0.0

0.3

Inexperienced with
temperature variability

Experienced with
temperature variability

95% con�dence
interval

Source: Lang et al. 2024, using data from World Bank Enterprise Surveys conducted between 2010 and 2023 and covering 135 countries.
Note: Temperature variability is measured by the coefficient of variation, which is the standard deviation of temperature in a fiscal 
year divided by the mean temperature in the same fiscal year. The dependent variable is log(revenues), and controls include the 
coefficient of variation and the number of days above 35°C in a given fiscal year and country by Enterprise Survey round fixed 
effects. The estimated coefficients plotted in the figure show the association between a one unit increase in the coefficient of vari-
ation and sales revenues. All standard errors are clustered at the level of Enterprise Survey strata. Low-income countries include 
all countries classified as low income and lower-middle income, and higher-income countries include all countries classified as 
upper-middle income and high income using the World Bank income classification.

	 FIGURE 1.11  Farm households in Nigeria suffer large reductions in consumption if they live in areas that are 
repeatedly exposed to the same shock

–0.20
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Log(consumption) Within 2.5 km More than 2.5 km away
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interval

Source: Shilpi and Berg 2024, using data from the Nigeria Living Standards Measurement Study Integrated Surveys on Agriculture, 
2010/11, 2012/13, 2015/16, and 2018/19.
Note: n = 16,723 observations over four waves of the survey. Distances are to a one-in-five flood zone. The dependent variable is 
log of total per capita consumption by households. Controls include age, gender, and highest level of education of household head; 
dependency ratio; number of adults working in agriculture and in wage work; average temperature; indicator for urban location; 
dummy variables for month of interview; and fixed effects at primary sampling unit (psu) level. Standard errors are clustered at 
the psu level. Drought conditions are defined as a psu in the lower 20 percent of the Standardized Precipitation Evapotranspiration 
Index distribution and wet condition as a psu in the top 20 percent of the distribution. 43
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Richer countries recover more quickly 
than poorer countries
The speed of recovery is an important deter-
minant of resilience. Because people and 
countries recover from small shocks quickly, 
real-time data are needed to detect how long 
it takes poor people or countries to recover 
relative to rich ones. Such data are rarely 
available. The unprecedented real-time mon-
itoring during the Covid-19 pandemic is an 
exception. Instead, extreme climate events 
are used to detect differences in recovery 
rates between poor and rich countries.

Cyclones and hurricanes are extreme 
climate events that can cause severe physi-
cal and economic destruction. Cyclone Bhola 
in  1970 in today’s Bangladesh and India’s 
West Bengal region killed 300,000 people. 
Hurricane Maria in 2017 wiped out 26 years 
of economic growth in Puerto Rico in just 
12  hours (Hsiang and Houser 2017). Devel-
oping countries experience natural disasters 
frequently and have the highest number of 
people affected by them.

The economic impacts of these catastrophic 
events are staggering. Per capita income 
growth in a country experiencing a 1-in-10 
cyclone event will be 7 percent poorer on aver-
age two decades after the storm (figure 1.12).15 
Setting aside the loss of life in a natural disaster, 
this is on par with losses from an average finan-
cial or banking crisis. The loss is doubled for a 
1-in-100-year cyclone. Such large reductions in 
local economic activity are found for typhoons 
in China (Elliot, Strobl, and Sun 2015). There 
is also little or no consumption smoothing or 
adaptation. Indeed, even after two decades, the 
outcomes are more consistent with a growth 
path of “no recovery” than with “recovery to 
trend” (Hsiang and Jina 2014).

The persistence in the impact of large 
disasters can be traced to the way firms and 
households respond. In India, hurricanes lead 
to higher failure rates for less-productive 

firms and those engaged in industries with 
lower comparative advantage (Pelli et al. 
2023). Children in areas hit by disasters tend 
to have worse health outcomes and a lower 
probability of seeking health care when they 
are ill (Baez and Santos 2007). In Latin Amer-
ica, disasters also reduce educational attain-
ments for affected children.16

Recovery from less-devastating events 
takes less time, yet rich countries still recover 
quicker than poor countries, and flood events 
do not affect the nightlight intensity in cities 
in developed countries (Gandhi et al. 2022). 
Recovery from extreme precipitation takes 
about a month in rich countries. Cities in 
poorer countries suffer larger declines than 
those in richer countries. It takes two months 
for low-income cities to recover from extreme 
precipitation events—twice the time it takes 
cities in a rich country to recover (figure 1.13).

Rebalancing the policy 
mix for resilience
This report argues that resilience policies 
require rethinking and rebalancing. Current 
policies too often focus on government-led, 

This report focuses on how governments 
can increase climate resilience by enabling 
markets and empowering individuals

	 FIGURE 1.12  Recovery from a cyclone takes 
decades

Change in GDP per capita per meter per second  of
cyclone wind speed

Years since storm
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Source: Hsiang and Jina 2014.



	 FIGURE 1.13  Recovery from floods and extreme precipitation in cities takes longer in poorer countries

–6 –4 –2 0 2
–0.15

–0.10

–0.05

0.00

0.05

–6 –4 –2 0 2
–0.04

–0.02

0.00

0.02

0.04

–6 –4 –2 0 2
–0.075

–0.050

–0.025

0.000

0.025

–6 –4 –2 0 2
–0.15

–0.10

–0.05

0.00

0.05

b. Extreme precipitation, high-income countriesa. Floods, high-income countries

Estimated coe�cients

d. Extreme precipitation, low-income countriesc. Floods, low-income countries
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Source: Gandhi et al. 2022.
Note: Extreme precipitation is defined as a city having precipitation greater than the 95th percentile of its city-specific dis-
tribution of precipitation, using data from 1958–2018. The coefficients are estimated by running a regression of nightlight 
intensity on six-month lags and two-month leads of the flood dummy variable or extreme precipitation. The shaded ribbons 
indicate the 95th percentile confidence interval. The regression controls for storm and landslide dummy variables.

collective adaptation measures, such as early-​
warning systems, protective infrastructure, 
and large-scale irrigation. These are supple-
mented by publicly provided social protection 
interventions to help people cope when dam-
age occurs. The policies are visible, favored, 
and rewarded politically by the public. Such 
top-down approaches are essential elements 
of a national adaptation strategy. But they will 

struggle to reach everyone at risk at any rea-
sonable cost given the heterogeneous needs 
and preferences of individual households, 
farms, and firms. Indeed, resilience to climate 
change will ultimately depend on the adapta-
tion decisions of millions of individual house-
holds, farms, and firms.

The case for rebalancing adaptation and 
mitigation policies is strong. Doing so requires 
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both clearly defining resilience and tracking 
resilience progress.

Defining resilience
Resilience is the ability to anticipate, pre-
pare for, respond to, and recover from the 
impacts of climate events. It includes all 
adaptation measures plus coping actions 
that lead to recovery after a disaster (see 
box 1.1 for definitions of key terms). Adap-
tation is the process of increasing resil-
ience and reducing vulnerability by altering 
behavior, systems and ways of life. It incor-
porates all the actions that individuals can 
take to build resilience before disasters hit, 
including investment in self-protection and 
in self and market insurance. Coping actions 
include short-term and ex post responses to 
a disaster that may not contribute to long-
term resilience.

Tracking resilience progress
Resilience policies must be accompanied 
by some metric to assess their impacts. 
While reliable systems are available to mon-
itor changes in greenhouse gas emissions 
and successes in mitigation, no such sys-
tems exist for adaptation. That is because 
of the much greater diversity in the types of 
impacts, affected entities, and factors that 
increase or reduce vulnerability. And while 
“adaptation inputs,” such as investments and 
institutions that promote resilience, are often 
monitored, corresponding methods are lack-
ing to measure outcomes and the strategies 
employed by households, farms, and firms. 
This report presents a simple step-by-step 
guide to gauge resilience progress using cli-
mate damage functions (spotlight 1.1).

Development and climate  
uncertainty
Building developing countries’ resilience is 
complex, but among the many obstacles, two 

have not received enough attention. Policy 
makers should give closer consideration to:
•	 Radical uncertainty about climate change 

and its impacts. People who perceive 
future economic conditions as unknowable
—due to unpredictable disruptive weather 
and disasters—see investments as gam-
bles. Unable to assess risk and return with 
confidence, they err on the side of caution, 
saving more cash than they may need and 
forgoing new ventures. Their fear distorts 
markets, depresses income growth, and 
perpetuates poverty and vulnerability.

•	 Slow economic growth at low incomes. 
Poverty and financial constraints can 
make it impossible for households, farms, 
and firms to endure a sudden shock and 
recover swiftly. Around the world, countries 
seek ways to limit increases in mortality 
arising from global warming. Projections 
show that effective learning will help, but 
income growth that will allow households, 
farms, firms, and governments to invest 
more in resilience building and coping will 
help much more. Income growth is not 
costless, however, as it can lead to greater 
greenhouse gas emissions. What is needed 
is sustainable and inclusive development 
that will relieve the financial constraints on 
poor people without generating levels of 
climate pollution that will undermine resil-
ience efforts.

Tackling deep climate uncertainty
Enabling and empowering individuals to act 
and invest in resilience measures appropriate 
for their own context require policies based 
on the best microeconomic evidence. The 
design of effective policy tools to promote 
resilience requires a much better understand-
ing of how uncertainty shapes, and often 
distorts, the behavior of people, markets 
for private sector–provided solutions, and 
governments (box 1.3). But understanding 

Putting individuals in the driver’s seat 
of climate resilience is possible only if 
information costs decline substantially



individual behavior is difficult because of 
massive uncertainty at many levels. This is a 
major focus and contribution of the report.

This report views resilience as an outcome 
of the interactions among decisions by indi-
viduals, markets, and government. Individuals 
can invest in self-protection and insurance 
to prepare for an expected climate event. 
Markets, recognizing climate uncertainty, can 
offer resilience tools, such as information, 
insurance, and credit.

Governments can influence resilience in 
three ways. They can invest directly in resil-
ience through investments in protective infra-
structure (dashed line in figure 1.14). They can 
enable markets through regulatory reforms 
and investments in research and develop-
ment, infrastructure, and services (arrow 
from “governments” to “markets”). And they 
can support resilience through subsidies and 
social protection programs (arrow from “gov-
ernments” to “individuals”). As many studies 

Understanding climate resilience using a simple demand-supply 
framework

Climate resilience can be viewed as an equilib-
rium outcome of interactions between what 
people demand and what markets supply 
(figure B1.3.1). Consider a resilience tool: mar-
ket insurance. The demand for insurance comes 
from individuals (households, farms, and firms) 
and is determined by their preferences or atti-
tudes about climate uncertainty. The supply 
of insurance comes, ideally, from private insur-
ance companies. The equilibrium premium (the 
price of insurance) is shown in the figure as p* 
and insurance coverage as q*. The higher the 
coverage, the higher the individual’s climate 
resilience. Government policies can affect both 
demand and supply. An insurance subsidy to 
consumers will shift the demand curve to the 
right, and restrictive regulations constraining 
the insurance industry will shift the supply curve 
to the left.

Equilibrium outcomes—and even whether an 
equilibrium can be established—depend on peo-
ple’s uncertainty about the nature and magnitude 
of climate change impacts. For individuals, their 
attitudes to unknown levels of risk will determine 
whether they buy insurance and at what level. For 
insurers, private providers typically determine 

premiums based on long-term experience. With 
future damages due to climate change lying 
outside past ranges, risk premiums are higher, 
which may make insurance unaffordable for 
many. Governments also need to assess policies 
promoting insurance under deep climate uncer-
tainty. Explaining why adaptation responses are 
lagging thus requires a better understanding of 
likely responses by individuals, markets, and gov-
ernments to climate uncertainty.

FIGURE B1.3.1  Resilience outcome is 
determined by demand and supply of 
resilience tools

Quantity

Price

Quantityq*

p*

Supply

Demand

Source: Policy Research Report team

BOX 1.3
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have already examined governments’ direct 
role in resilience building through invest-
ments in protective infrastructure, this report 
focuses more on how governments can 
increase climate resilience by enabling mar-
kets and empowering individuals.

Building on progress
This report builds on several World Bank flag-
ship reports of the last decade and a half. 
World Development Report 2014: Risk and 
Opportunity—Managing Risk for Development 
considers policy options for managing risks 
in response to wider economic, health, cli-
mate, and other shocks, examining the roles 
of households, firms, communities, govern-
ments, and donors (World Bank 2013). Per-
haps the report closest in spirit to this report 
is Natural Hazards, Un-Natural Disasters: 
The Economics of Effective Prevention, which 
also emphasizes the roles of individuals and 
markets in disaster planning and preparation 

(World Bank 2010). The World Bank’s 2020 
report on adaptation principles assigned key 
roles to households and firms and highlighted 
the importance of economic development 
(Hallegatte, Rentschler, and Rozenberg 2020). 
While deep climate uncertainty has been rec-
ognized as important in determining climate 
resilience, none of the previous reports have 
systematically explored what uncertainty 
means for resilience actions by individuals, 
markets, and governments. That exploration is 
a key contribution of this report.

The policy context for this report is also dif-
ferent from that of earlier reports in at least 
one important dimension. Putting individuals 
in the driver’s seat of climate resilience is pos-
sible only if information costs decline sub-
stantially. The world has made significant 
advances in climate modeling and informa-
tion dissemination in recent years. Weather 
forecasts have become much more accurate 
for the mid-term (three to seven days out). 

	 FIGURE 1.14  Climate resilience is the outcome of actions by individuals, markets, and 
governments
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Source: Policy Research Report team.



A four-day forecast today is as accurate as a 
one-day forecast 30 years ago (figure 1.15a). 
The accuracy of granular weather data is 
improving dramatically with satellite and arti-
ficial intelligence–powered analysis.

Countries have also made considerable 
progress in providing physical and digital 
infrastructure and improving human capi-
tal. In all but low-income countries, mobile 
phone subscriptions have reached satura-
tion, and more than 90  percent of people 
have access to electricity.17 In low-income 

countries, 60  percent of people have mobile 
phones, and 45 percent have electricity. Data 
download costs have also fallen steeply in 
recent years in all countries, with conver-
gence reached among lower-middle-income 
and high-income countries (figure 1.15b). This 
progress can be accelerated in low-income 
countries and fortified and leveraged around 
the world to develop markets and empower 
people to build climate resilience. But for that 
to happen, the right combinations of policies 
must be in place.

	 FIGURE 1.15  Climate information generation and dissemination have improved considerably
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Source: European Centre for Medium-Range Weather Forecasts, https://charts.ecmwf.int/products/plwww_m_hr_ccaf​
_adrian_ts?single_product=latest.
Note: Forecast accuracy is measured in terms of anomaly correlation of the European Centre for Medium-Range 
Weather Forecasts’ 3-, 5-, 7-, and 10-day forecasts in the Northern and Southern Hemispheres. An anomaly correlation 
coefficient of 500 hectopascal geopotential height between the forecasts and observations is shown. An anomaly 
correlation of 100 percent would represent a perfect match between forecasts and observations. GB = gigabite; 
PPP = purchasing power parity.
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	 SPOTLIGHT 1.1  Tracking resilience remains limited

Designing and evaluating effective resilience 
policies require having some metric to mea-
sure their effectiveness. The 2015 Paris Agree-
ment on Climate Change aimed to enhance 
adaptive capacity and resilience and reduce 
vulnerability to climate change, but progress 
has been slow. Most adaptation programs are 
fragmented, incremental, sector specific, and 
limited in scale. This narrow focus is explained 
in part by a lack of reliable data and agreed-on 
indicators. Funding favors programs for which 
progress can easily be measured.

High-quality and globally recognized data 
and metrics are required to measure base-
line resilience, and a sound methodology is 
needed to track progress. The summary out-
come measures should be comparable across 
countries, and data requirements should be 
manageable. To track mitigation progress, 
information on emissions of greenhouse 
gases can be collected either in aggregate, 
through statistics on fossil fuel use, or at finer 
geographic detail, using satellite data. A joint 
World Bank–National Aeronautics and Space 
Administration team used satellite measure-
ment of greenhouse gas emissions to track 
carbon dioxide concentration accurately and 
consistently over space and time (Dasgupta, 
Lall, and Wheeler 2023a). And a collaboration 
between the World Bank and the European 
Space Agency is tracking methane emissions 
(Ordon 2024). Mitigation progress can be 
measured by changes in emission levels over 
time at granular geographic levels (Dasgupta, 
Lall, and Wheeler et al. 2023b). The effective-
ness of mitigation policies can then be eval-
uated by estimating how much they reduce 
emissions. For example, carbon emissions 
data were used to test the impact of sub-
ways, finding that subways have reduced 
carbon emissions by 50  percent for 192 cit-
ies and about 11  percent globally (Dasgupta, 
Blankespoor, and Ordon 2024). Unlike for 

mitigation—where greenhouse gas emission 
reduction is defined and measurable—there 
is no obvious baseline or performance metric 
for climate adaptation (Christiansen, Marti-
nez, and Naswa 2018).

Analogous empirical analysis of success-
ful adaptation poses much more challenging 
data collection and estimation problems, for 
several reasons. The first is the nature of cli-
mate risks and the large diversity of factors 
that influence the adaptation actions of eco-
nomic agents. Climate risks can be gradual 
(temperature rise) or fast-acting, extreme 
events (cyclones, floods, hurricanes). And 
economic agents can be subjected to multi-
ple shocks and trends simultaneously. At any 
time, agents can change their behavior and 
adjust in many ways depending on their capa-
bilities and the nature and severity of shocks. 
This makes tracking different adjustment 
strategies difficult and data intensive.

A second problem is that people’s choices 
are influenced by their economic means and 
other factors. For instance, the weather events 
that economic agents are exposed to depend 
on where the agents are located. Locations 
are not a matter of random chance, since eco-
nomic agents decide where to locate. Loca-
tion choices are also driven by income: areas 
with higher risks tend to have lower rents. 
Richer agents can locate on the best land that 
faces the least risk, while poorer agents must 
generally locate on the worst land with great-
est risk—such as riverbanks exposed to flood-
ing or steep slopes subject to landslides.

A third problem is that adaptation 
decisions involve trade-offs. For instance, 
overinvestment in self-insurance (such 
as precautionary savings) that is meant 
to strengthen resilience can come at the 
expense of productive investment (such as 
drought-resistant seeds) that could boost 
income. Such complexity makes it difficult for 



policy makers to gauge the overall effects of 
adaptation to climate risks.

In practice, monitoring adaptation has 
relied largely on measures of inputs rather 
than outcomes. At the global and national lev-
els, analyses rely on statistics of how much 
funding has been allocated to adaptation. 
There has also been progress in collecting 
useful data on whether countries have taken 
specific actions to support adaptation goals, 
such as establishing suitable institutions and 
regulations, or whether emergency disas-
ter response mechanisms are in place (box 
S1.1.1). Monitoring and evaluating adapta-
tion projects also focus on easily measur-
able short-term outputs, such as people 
supported or assets improved, and fail to 
assess the outcomes, namely, to what extent 
beneficiaries have become more resilient 

and against what level of climate risk (UNEP 
2021). What is missing is an effective method-
ology that links these policy variables to such 
outcomes as lives saved and livelihoods pre-
served or improved.

Conceptual tools can track 
resilience progress
To develop a framework to track resilience 
progress, this report presents a simple frame-
work that gauges the resilience of households, 
farms, and firms (figure S1.1.1). Any long-term 
climate trend or short-term weather shock 
(yellow triangle) affects the outcomes of 
interest (blue circle) through certain mecha-
nisms (green box). For instance, a heat wave 
may affect a firm’s revenue because workers 
are less productive in hot conditions, or power 

Rating systems for adaptation and resilience must be accompanied 
by an evaluation framework

To better monitor adaptation and resilience, 
the World Bank developed a new methodol-
ogy for rating and tracking adaptation and 
resilience in its lending.1 This Resilience Rat-
ing System combines corporate commit-
ments on climate adaptation and resilience 
into one process, building on climate adap-
tation co-benefits, climate and disaster risk 
screening, climate adaptation indicators, and 
alignment with the Paris Agreement. The sys-
tem awards grades of A, B, or C to World Bank 
projects and considers the resilience of proj-
ect design and resilience through project out-
comes. Resilience of the project design asks 
whether project assets and outputs are resil-
ient to risks from climate change and natu-
ral disasters, while resilience through project 
outcomes asks whether the outcomes aim 

to build resilience to climate change and nat-
ural hazards. The system is being piloted in 
21  countries with $2.14 billion in investments 
in energy, transport, urban, human develop-
ment, agriculture, water, and environment sec-
tors. What the system lacks is a framework to 
also evaluate the effectiveness of the projects 
for designated outcomes, which is necessary 
because policies must be updated based on 
their impacts on outcomes. Ineffective policies 
and projects should be dropped, and effective 
ones should be scaled up. This is not possible 
without an evaluation framework built into the 
rating system.

Note
1. World Bank Group (2021).

BOX S1.1.1
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outages may occur more frequently during 
heat waves. The damaging effect would be 
dampened if the firm had invested in cooling 
systems or generators.

To track resilience progress, the first step is 
to decide on a set of outcome variables. The 
outcome variables may differ by context and 
objectives. Global analysis of natural disas-
ters often uses the number of lives lost or 
estimates of aggregate economic damages 
(Dilley et al. 2005; Kahn 2005; Deschêne and 
Greenstone 2011; Carleton et al. 2022). At 
the local level, measures of such economic 
activity as employment structure and overall 
income—often proxied by nightlight intensity
—are needed. At the individual microeco-
nomic level, suitable outcome indicators 
include consumption and welfare measures 
for households or revenues or profits for 
farmers and firms. At the social and institu-
tional levels, indicators of social cohesion and 
institutional quality can be designated as out-
comes (Adger et al. 2011).

The next step is to examine the impact of 
climate shocks on outcomes. Much of the 
literature relies on estimating the climate 
damage function (CDF), which is a simplified 
expression of positive or negative impacts 
(economic or noneconomic) as a function of 
climate dynamics, such as changes in tem-
perature or flooding.18

Consider a household affected by flood-
ing. The reduction in consumption gives a 
simple estimate of overall damage, though 
this measure does not distinguish between 

the different types of damage the household 
might have suffered or the actions it might 
have taken to avoid damages and rebound 
quickly. If CDFs can identify statistically 
robust patterns in the aggregate response 
across spatial and temporal scales, they can 
be considered a simpler alternative to the full 
process-based models that incorporate all 
the mediators and moderators (in the green 
box in figure S1.1.1) for each type of shock 
(Neumann et al. 2020).

A further step is necessary to translate the 
estimates of climate damages into resilience 
progress because resilience is defined as 
the ability to withstand the effects of a nega-
tive shock and recover quickly. Figure S1.1.2 
depicts a disaster and its impact on consump-
tion/income over many periods. In period 
zero, the country experiences a negative 
shock, with three possibilities for recovery. 
The best-case scenario is when the disaster 
stimulates innovation, induces replacement 
of depreciated capital stock, and attracts 
an inflow of disaster relief. In the “creative 
destruction” scenario, a country may suffer in 
the short run due to lost lives and destroyed 
capital, but replacement of lost assets with 
more modern equivalents lifts it beyond its 
pre-disaster trend, though with a time lag. 
However, most empirical studies focus on the 
“recovery to trend,” in which affected coun-
tries or areas revert to the pre-trend path 
through reinvestment and reallocation. The 
“no recovery” is the worst-case scenario, in 
which various constraints prevent people 

	 FIGURE S1.1.1  Tracing the impacts of climate change

Adaptation
inputs and

coping
actions

Climate
change

Outcomes

Source: Policy Research Report team.



from rebuilding and recovering. The country 
might still grow, but it does not catch up to 
the pre-disaster trend even in the long run. 
People may get stuck in a poverty trap.

The poorest households, farms, and firms 
may not be able to recover, and the richest 
may build back better. The area between the 
pre- and post-shock trends provides an aver-
age measure of resilience.19 The periods may 
correspond to days for smaller shocks and 
years for severe disasters, such as hurricanes 
or cyclones. When real-time data are available 
for each shock, the recovery path can be cap-
tured, yielding an even more precise measure 
of resilience. Of course, most surveys are not 
done in real time, requiring more generalized 
ways to measure resilience progress.

The idea behind tracking resilience prog-
ress is that if an economic agent is exposed 
to repeated shocks and has taken adaptation 
measures as a result, then loss from the shock 
should diminish over time. In other words, the 
area between the pre- and post-shock trends 
shrinks over time. Repeated estimation of 
climate damage functions thus provides a 

simple yet powerful way of measuring prog-
ress in resilience due to adaptation and better 
coping.

There are several advantages to this sim-
ple approach. The CDF is flexible in that it 
can accommodate multiple shocks. It can 
also allow responses to a shock that vary by 
the size of the shock. It can be estimated at 
different geographic granularities. It can be 
embedded in larger models to predict out-
comes many decades in the future under var-
ious assumptions of climate change (Carlton 
et al. 2022; Desmet et al. 2018, 2021). It also 
can provide the “before” of any policy inter-
vention that triggers private or public actions 
to prepare for those shocks. And because 
resilience is the result of ex ante adaptation 
and ex post coping decisions, analysis could 
rely on several measures to track progress.

Not all people are the same, nor 
are their resilience actions
The tracking of overall progress should 
be accompanied by deeper diagnostics of 

	 FIGURE S1.1.2  There are many different recovery paths from a disaster

–5 0 5 10 15 20

Consumption/income

Pre-shock 
growth path

Creative destruction

Recovery 
to trend

No recovery

Time period

Source: Policy Research Report team.
Note: The shock occurs at period 0.
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	 FIGURE S1.1.3  Economic agents act differently to adapt and to cope with climate shocks 
depending on their capability (income)

Consumption

Permanent income

Group 1 
Ultra-poor

Group 2 
Resort to 

distress sale 
of assets

Group 3 
Have 

informal 
insurance

Group 4 
Self-protect 
with market 
insurance

Group 5
Rich

Source: Policy Research Report team.
Note: The orange line represents the path of permanent income absent a weather shock. The red dashed line rep-
resents the permanent income that has been shifted down by a large weather shock. The green line depicts actual 
consumption of the different groups following the weather shock.

adaptation and coping strategies and con-
straints. This is because economic agents 
vary greatly in their ability to adapt and in 
the adaptation options available to them. 
The obvious source of differences in ability 
is income and wealth. Consider the long-
term consumption (revenue) of households 
(firms/farmers) in terms of their permanent 
income (orange line in figure S1.1.3). A large 
enough weather shock shifts the function 
down (dashed red line). In response, group 1, 
the ultra-poor (those with the lowest per-
manent income) may reduce its consump-
tion, while group 2, the poor, may sell assets 
to protect their consumption, and therefore 
their consumption level remains unchanged 
after the shock. Group  3 relies on informal 
borrowing and insurance and suffers losses 
in consumption. Group 4 is richer and able 
to self-protect and buy market insurance. 
This group suffers much less loss than the 
others. Group 5 comprises the rich, who are 

fully insured and financially unconstrained. 
Consumption in this group is unaffected. The 
green line depicts actual consumption of dif-
ferent groups following the weather shock.

The average effect of the shock is the 
weighted average of all five household groups, 
and thus a decline in consumption is likely 
to be smaller than a decline in income. The 
changes over time in the area between the two 
consumption curves (orange and green) pro-
vide the measure of adaptation progress. The 
shrinking of group 1, other things remaining 
unchanged, will register as an improvement 
in resilience. Similarly, if expansion of mar-
ket insurance reduces the area between the 
curves for groups 3 and 4 during the subse-
quent shock, this will be registered as resilience 
progress. However, if the population in group 3 
increases at the expense of group 2, then even 
without any difference in resilience response 
by each group, the loss will be larger for the 
subsequent shock, indicating relapse instead 



of progress. A combination of increase in pop-
ulation for groups 1, 3, and 4 and a shrinking of 
population for group 2 can produce the muted 
progress that was observed earlier. This high-
lights the need to examine adaptation and 
coping mechanisms to discern resilience prog-
ress and to identify policy constraints.

Deeper analysis of adaptation strategies 
can also detect whether resilience progress 
is looking rosier in the short-term because 
of overinvestment in too-safe but low-return 
activities—hence, coming at the expense of 
long-term resilience. This report presents evi-
dence on overall resilience progress as well as 
deeper analysis of adaptation strategies.

Not all climate shocks are the 
same, nor should their resilience 
indicators be the same
Climate shocks vary greatly in size. For smaller 
shocks, the outcome measures at national, 
local, and individual levels discussed above are 
sufficient. But are they sufficient for rare cat-
astrophic events? This is particularly relevant 
when evaluating policy measures to reduce 
damage from large shocks. Because cata-
strophic events occur so infrequently, it may 
take a long time to collect enough observations 
on outcomes to conduct impact evaluations of 
these policy measures. Alternatives are avail-
able, however. First, instead of focusing on such 
outcomes as fatalities or welfare, analysis can 
focus on riskiness measures. For instance, the 
riskiness of an area that has built a seawall to 
contain hurricane damage is almost immedi-
ately reflected in property prices and insurance 
premiums. Second, global occurrences of rare 
events can be used to evaluate the impacts of 
damage reduction policies. Indeed, impacts of 
large cyclones are usually examined using such 
global datasets (Hsiang and Jina 2014).

Measurement of progress 
should focus not only on the 
direct impacts of policies but 
also the indirect impacts
For example, when a program increases the 
resilience of a farm, there is a direct impact on 
the farmers, but there can also be cascading 
effects on well-being in the community and 
beyond with respect to food security, eco-
nomic development, and political stability. 
Similarly, programs that affect migration cre-
ate spillovers into other areas. The indicators 
thus should be defined and tracked at differ-
ent geographic levels.

Global agreement on a set 
of indicators is needed to 
provide a consistent framework 
for tracking and evaluating 
resilience progress
The UAE Framework for Global Climate Resil-
ience, established at United Nations Climate 
Change Conference in 2023, aims to develop 
indicators and methodologies for measur-
ing progress on adaptation and resilience. 
A recent independent assessment of avail-
able indicators concludes that most of the 
targets under the global goal on adaptation 
lack existing indicators that are adequate for 
tracking progress, meaning that substantial 
investment is necessary to generate data 
and metrics that are suitable for purpose 
(Williams et al. 2024). The UAE–Belém work 
program emphasizes improving data quality, 
establishing baseline scenarios, and agreeing 
on methods to measure resilience impacts. 
These are steps in the right direction, but 
they require wider consultation in developing 
countries to develop comparable and accept-
able methodologies and indicators to track 
resilience progress.
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Notes
1.	 World Weather Attribution, https://www.world​-wea​

ther​attribution.org/.

2.	 Based on Climate Model–Surface Temperature 

Change Shared Socioeconomic Pathways (SSP) 

scenario 2-4.5 for 2015–2100, the middle of the road 

scenario. In this intermediate greenhouse gas emis-

sions scenario, carbon dioxide emissions continue 

around current levels until 2050 and then decrease 

but do not reach net zero by 2100. SSPs are climate 

change scenarios of projected socioeconomic global 

changes up to 2100 as defined in IPCC (2021).

3.	 Exposure is measured by overlaying global geospa-

tial data for total population, rural classification, and 

climate hazards (floods, droughts, heat waves, and 

cyclones) that exceeded a threshold in intensity 

and return period. Vulnerability is proxied by a set of 

indicators measuring lack of access to basic infra-

structure (water and electricity), low income, lack 

of education, access to financial services, and social 

protection. See Doan et al. (2023) for details.

4.	 The ratio seems to be getting worse. Between 1994 

and 2013, more than three times as many people 

died per disaster in low-income countries than in 

high income countries (CRED 2015).

5.	 Dell, Jones, and Olken (2012); Zaveri, Damania, 

and Engle (2023). On average, a moderate drought 

reduces GDP growth in a developing country by about 

0.39 percentage points and an extreme drought by 

0.89 percentage points. For comparison, moderate 

droughts have no impact in high-income countries, 

and extreme droughts reduce economic growth by 

a mere 0.3 percentage point (Zaveri, Damania, and 

Engle 2023).

6.	 Behrer and Berg (2024), based on the Annual Sta-

tus of Education Report in India (ASER), 2007–14 

(https://asercentre.org/trends-over-time-reports/), 

and Garg, Jagnani, and Taraz (2020) data.

7.	 For evidence from a broader literature, see Park 

(2020); Park, Pankratz, and Behrer (2021); Graff-

Zivin et  al. (2018); Graff-Zivin et  al. (2020); Zhang, 

Chen and Zhang (2022); and Srivastava, Tafere, and 

Behrer (2024).

8.	 The analysis is based on four waves of survey data 

from the Nigeria Living Standards Measurement 

Study Integrated Surveys on Agriculture, 2010/11, 

2012/13, 2015/16, 2018/19. One of these waves 

collected data in 2012, when flooding was severe, 

which led to an estimated $17 billion in damage. For 

details, see the background paper for this report by 

Shilpi and Berg (2024).

9.	 Poorer areas are communities that belong to the 

lowest 30 percent of income distribution measured 

by satellite data on nightlight intensity. Drought and 

severe precipitation are measured by the Standard-

ized Precipitation Evapotranspiration Index.

10.	 The study is based on firm-level data from 135 coun-

tries (146,759 firms); for details, see the background 

paper for this report by Lang et al. (2024).

11.	 Somanathan et al. (2021) finds that manufacturing 

firms experienced reductions of 2 percent of annual 

output for each degree Celsius of higher tempera-

tures. Adhvaryu, Khala and Nyshadham (2020) 

report a substantially lowered production-line level 

productivity for blue-collar (garment factory) work-

ers in India for days with temperatures exceeding 

about 85 degrees Fahrenheit. See also Grover and 

Kahn (2024) and Goicoechea and Lang (2023) for 

literature surveys.

12.	 Gandhi et  al. 2022 used a global dataset of 9,468 

cities across 175 countries and territories, comple-

mented with nightlight intensity and flood risk data 

from 2012 to 2018 and estimated the impact of 

extreme floods on deaths in cities—where extreme 

flood events were proxied by the total number of 

95th percentile events that struck the city.

13.	 Shilpi and Berg (2024), with analysis based on the 

Nigeria Living Standards Measurement Study Inte-

grated Surveys on Agriculture, 2010/11, 2012/13, 

2015/16, 2018/19 (n = 16,723 observations over 

the four waves of the survey).

14.	 A one-in-five event is a flood in the top 10 percent of 

flood events for a country.

15.	 Hsiang and Jina 2014. A 1-in-10 event is a cyclone event 

in the top 10 percent of cyclone events for a country.

16.	 Impacts also vary by age at the time of exposure to 

disaster, the type of disaster, and the place and time 

of exposure (Caruso 2017).

17.	 World Bank, World Development Indicators database, 

https://​databank.worldbank.org/reports.aspx?-

source=2&​country=ARE.

18.	 The climate damage function was introduced by 

Nordhaus (1994) and subsequently refined.

19.	 See Alloush and Carter (2022) for an example.

https://www.worldweatherattribution.org/
https://www.worldweatherattribution.org/
https://asercentre.org/trends-over-time-reports/
https://databank.worldbank.org/reports.aspx?source=2&country=ARE
https://databank.worldbank.org/reports.aspx?source=2&country=ARE
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How Uncertainty Shapes 
Adaptation 2  
Behavior and perception 
in a changing climate
Resilience to climate change ultimately 
depends on the adaptation decisions of mil-
lions of individual households, farmers, and 
firms. Public policy can coordinate collective 
adaptation action, provide incentives, and 
extend direct support where necessary. But the 
evidence in chapter 1 suggests that adaptation 
efforts have fallen short. To be more effective, 
resilience policies must do better at encourag-
ing and enabling action by individuals. Design-
ing such policies requires a much better grasp 
of the factors that influence individual deci-
sions under deep climate uncertainty.

Uncertainty about the timing and severity 
of climate impacts makes adaptation deci-
sions extremely difficult. There may be a 
strong consensus about the drivers of climate 
change. But there is considerable uncer-
tainty about human choices that determine 
future greenhouse gas emissions and thus 
global warming trajectories. And there is 
even greater uncertainty about how a much 
warmer atmosphere translates into more 
frequent and stronger droughts, storms, and 
floods. This uncertainty means that expe-
rience becomes less useful when deciding 
where to live, what to plant, or how to produce 
essential goods and services.

Because of the considerable uncertainty 
about climate events, economic agents form 
expectations of those ambiguous probabili-
ties. Depending on their experience, informa-
tion, and personal attitudes toward risk and 
uncertainty, their responses can vary “from 

excessive overreaction to utter neglect (Sun-
stein 2007).” They can choose to do nothing 
or too little to prepare for heightened climate 
change impacts (optimists or fatalists), or 
they might overprepare (pessimists). Both 
can be risky for personal safety or economic 
well-being, especially for poor people, whose 
social and economic conditions already 
leave a low margin for error. But relative to 
the benchmark of risk aversion (when deal-
ing with “known unknowns”), deep climate 
uncertainty (“unknown unknowns”) will likely 
lead to more risk-averse behavior (Haushofer 
and Fehr 2014).

This chapter explores the implications of 
climate uncertainty for resilience decisions 
by individuals. The analysis suggests that 
under the right conditions, deep uncertainty 
will induce economic agents to act on the 
side of caution and actively pursue adapta-
tion. It also shows that people, when able, do 
pursue adaptation. Why, then, are adaptation 
responses lagging? Because households, 
farmers, and firms face many constraints to 
adapting, discussed in the following chapters.

Deep climate uncertainty clouds 
productive and protective decisions
Farmers have always had to deal with vari-
able weather that determines yields, and 
long experience and predictions based on 
historical records provided a reliable frame 
of reference. But an element of unpredictabil-
ity always remained, giving rise to the notion 
of risk (Bernstein 1996). As Gottfried von 
Leibniz wrote in 1703: “Nature has established 
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patterns originating in the return of events, 
but only for the most part.” With climate char-
acterized by a reliable trend and variability, 
individuals could develop effective response 
mechanisms, adapting to prevailing climatic 
conditions. Climate change has shattered such 
predictability based on known probabilities.

Although the accuracy of climate projec-
tions has improved, the local occurrence 
and severity of climate shocks remain wildly 
unpredictable. This deep uncertainty raises 
the question of how microeconomic agents, 
such as households, farmers, and firms, 
plan and adapt. The challenge for economic 
agents and policy makers is how to balance 
investments in two sources of resilience: 
productive investments that improve liveli-
hoods and make people less susceptible to 
climate shocks and protective investments 
that reduce risks and help to recover in the 
aftermath of those shocks. Designing poli-
cies for economic agents to take adaptation 
action requires understanding the decision-
making under climate uncertainty. A key 
factor determining adaptation decisions is 
ambiguity aversion, defined as preferring 
known unknowns over unknown unknowns. 
The following sections review the standard 
model for describing responses when risk 
is well understood followed by a new model 
for decision-making under deep uncertainty. 
Box 2.1 defines key terms in this chapter.

Future climate risks are still mostly 
unknown
As geographer Andrew John Herbertson wrote 
in 1901, “Climate is what you expect, weather is 
what you get.” Climate can be viewed as a prob-
ability distribution of weather events. Weather-
related risks are determined by the full climate 
distribution, which is inherently unobserv-
able. At any place and time, we observe only a 
single draw from the climate distribution (the 
weather). If the climate distribution is known 

to be unchanging over time, a long enough 
weather record can approximate the proba-
bility distribution. The World Meteorological 
Organization uses 30 years to define “climate 
normal.” While weather data going back long 
enough (100 years of records) can be used to 
estimate the probabilities of frequent events 
with some confidence, substantial uncer-
tainty surrounds probability estimates for 
rarer events. Even 100 years of observations 
contain, in expectation, only five 1-in-20-year 
events and only one 1-in-100-year event.

Anthropogenic climate change—the influ-
ence of human activities on the climate 
system—further complicates the matter. 
Greenhouse gas emissions have altered the 
planet’s energy, and this has produced clearly 
detectable changes in global and regional 
temperatures, rainfall patterns and inten-
sity, and river flows, among other variables 
(Marvel and Bonfils 2013; Zhang et al. 2007). 
Anthropogenic climate change renders older 
records potentially less informative for esti-
mating current probabilities. As a result, unlike 
the standard risk model, with known proba-
bilities of adverse outcomes, the probabilities 
of weather events remain unknown, so the 
assumption of stationary climate distribution 
function is no longer valid.

There is broad agreement that climate 
change will intensify the frequency, severity, 
and coverage of most climate shocks. The 
global climate models have excellent track 
records of predicting temperature trends for 
different emission scenarios, but their ability 
to generate reliable probabilistic information 
on extreme distributions at spatial and tem-
poral scales remains limited (Simpson et  al. 
2024; Sobel et al. 2023). Evidence on the 
time, place, size, and intensity of these events 
is still far from informative enough to dispel 
uncertainty. The deep uncertainty surround-
ing the occurrence of climate events is real 
and what the finance literature calls radical.

A key factor determining adaptation 
decisions is ambiguity aversion



More words about words

Term	 Definition
Climate risk	 The possibility of loss from natural phenomenon (floods, storms, 

droughts, cyclones, earthquakes). The loss could be in lives, liveli-
hoods, and living standards. The probabilities of future shocks are 
known.

Deep climate uncertainty	 The situation of not knowing what will happen from weather shocks. 
The probabilities of future shocks are unknown.

Systemic shocks	 Climate shocks that affect an entire area, region, country, or groups of 
people.

Idiosyncratic shocks	 Climate shocks that affect fewer individuals.
Risk aversion	 People’s dislike of risk. If offered a choice between a risky lottery with 

known probabilities versus a sure payment equal to the expected 
value of that lottery, a risk-averse person will choose the latter. It is 
usually measured by the curvature of the utility function: a concave 
utility function implies a diminishing marginal utility of income/
wealth/consumption and yields a positive risk premium.

Expected utility	 The expectation of satisfaction in different states when their respec-
tive probability is known. This is the workhorse of risk analysis.

Loss aversion	 The situation where the dissatisfaction (utility) from a loss weighs 
much more heavily than the satisfaction from an equal gain. This 
weights utility in the loss domain higher than that in the gain domain. 
Loss and gain domains are determined by a subjective reference 
point.

Ambiguity aversion	 People’s dislike of uncertainty. If offered a choice between two risky 
lotteries, one with known probabilities and another with unknown 
probabilities, an ambiguity-averse person will choose the former.

Optimists	 People who believe climate change to be less serious than projected. 
They underestimate the probability of damaging weather events.

Pragmatists	 People who believe climate change to be as serious as projected.
Pessimists	 People who believe climate change to be more serious than projected. 

They overestimate the probability of damaging weather events.
Fatalists	 People who believe climate change is serious but cannot be reversed 

by human actions.

BOX 2.1

There is considerable uncertainty about 
climate damage functions (Barnett et al. 
2024), most prominently for rarer events, 
which fall outside the range of typical human 
experience and whose damages are more 

difficult to predict. Yet another source of 
uncertainty is the policy environment. Most 
adaptation investments are irreversible, and 
their benefits accrue in the future, influenced 
by the actions of other individuals and by 

Despite the deep uncertainty associated 
with climate scenarios, people across the 

world are aware of the potential effects of 
climate change on future generations
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government policies. There is also consider-
able uncertainty about the pace of techno-
logical advancements as well as about future 
government policies.

Finally, the uncertainty at the household, 
farmer, and firm levels are multiplied because 
even the information considered reliable by 
scientists and experts is not transmitted 
quickly to people.

Expectations drive adaptation  
choices
Given all this uncertainty, how can people 
decide what protective strategy to pursue? 
With their expectations about the occur-
rence and severity of future shocks. These 
expectations are, in turn, determined by 
their awareness of climate change, their atti-
tudes toward uncertainty, and their cognitive 
biases in processing information about cli-
mate change. These three factors form the 
basis of the microeconomics of adaptation 
decisions.

People are generally aware of climate 
change
Despite the deep uncertainty associated 
with climate scenarios, people across the 
world are aware of the potential effects of 
climate change on future generations. About 
56 percent of the respondents to a Facebook 
survey conducted in 107 countries in 2022 
think climate change will harm future gen-
erations a great deal, though this awareness 
is greater in high-income countries (59 per-
cent) than low-income countries (45  per-
cent) (Meta 2022). However, more people 
in poorer and climate vulnerable countries 
are seriously worried about climate change, 
and a large fraction also think that climate 
change will harm them personally (fig-
ure 2.1). The awareness of climate change 
impacts on this and future generations, even 
in poorer countries, implies vigorous adapta-
tion responses in those countries.

	 FIGURE 2.1  People around the world are worried about the impacts of climate change
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Source: Attitude data from Meta 2022; vulnerability data from the Notre Dame Global Adaptation Initiative dataset, https://
gain.nd.edu/our-work/country-index/download-data/; and GDP data from World Bank, World Development Indicators 
indicators, https://databank.worldbank.org/source/world-development-indicators.

Along with awareness, adaptation decisions 
depend on how expectations of climate 
events are formed and acted on
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People’s attitudes toward deep climate 
uncertainty determine how they adapt
Along with awareness, adaptation deci-
sions depend on how expectations of cli-
mate events are formed and acted on. These 
expectations are, in turn, determined by peo-
ple’s experience, information, and attitudes 
grounded in personal traits. The personality 
trait spectrum used by psychologists ranges 
from overly optimistic to overly pessimis-
tic and distinguishes four types of economic 
agents: optimists, pessimists, fatalists, and 
pragmatists.

Optimists assume that impacts will not be 
as severe as some scenarios predict or that 
they will not be exposed to them. They lean 
toward more benign scenarios. Pessimists, 

by contrast, expect the worst-case scenario, 
and fatalists expect the most severe impacts 
but assume that nothing can be done about 
it. Pragmatists recognize the uncertainty 
about future climate change, seek out infor-
mation about its occurrence and severity, 
and determine the most likely scenario.

These different attitudes toward risk and 
uncertainty relate to a person’s ambiguity 
aversion: individuals who prefer known risks 
over unknown risks are ambiguity averse 
(see box 2.2 for more detail) (Ellsberg 1961). 
Ambiguity-averse people tend to make deci-
sions to minimize their regret if bad events 
(such as floods) occur (Hansen and Sargent 
2014, 2023). So, a pessimist is more ambigu-
ity averse than an optimist.

Harry Potter and ambiguity aversion

Imagine that Harry, Hermione, and Ron arrived 
at a fork in the forbidden forest. One road goes 
through an area where the giant spiders live, 
and Ron is very afraid of them. They do not 
know what is on the other road. Which road 
should they take? While confronted with a 
known unknown versus an unknown unknown, 
they may choose the road with the giant spi-
ders even though the other road might not 
have any danger. This illustrates the result 
from an experiment by Daniel Ellsberg (1961) 
that led to an interesting literature on ambigu-
ity aversion.

In the experiment, there were two urns, 
A and B, both containing 100 balls. In urn A, half 
the balls were red and the other half black. The 
composition of urn B was unknown to partici-
pants. Participants could choose one of two lot-
teries involving drawing a ball from an urn (table 

B2.2.1). The expected value for lottery A was 
0.5, whereas expected the value for lottery  B 
was unknown. However, people could use sub-
jective probabilities to form an expected value 
for lottery B. Considering all potential probabil-
ities (no red balls to all red balls), the expected 
value of lottery B was also 0.5. But when peo-
ple were given the option of choosing between 
the two lotteries, most chose lottery A. In other 
words, when given a choice between two risky 
options, people choose the one with a known 
probability over the one with the unknown 
probability. This dislike of unknown unknowns 
is termed ambiguity aversion.

People can be risk averse when probabilities 
are known. For instance, if offered a chance to 
play lottery A or a guaranteed payment of $0.50, 
a risk-averse person prefers the sure bet (the 
payment) over playing lottery A. A  risk-averse 

BOX 2.2
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individual has a concave utility function, which 
means that marginal satisfaction from addi-
tional income decreases with income. As a 
result, the satisfaction from winning lottery A 
is less than the pain from losing it. This is why 
a risk-averse person is willing to pay for a fair 
insurance premium to guarantee an outcome 
rather than play a lottery. The risk premium for 
an investment can be defined as the difference 
between the risk-free rate (typically the deposit 
interest rate) and the rate investors demand to 
compensate them for the risk (e.g., stock).

Ambiguity aversion differs from risk aver-
sion in the sense that a risk-neutral person 
(with a linear utility function) can be ambiguity 
averse. Ambiguity aversion arises from uncer-
tainty about probabilities, not from the shape 
of the utility function. As a result, firms and 
policy makers, who are typically assumed to 
be risk neutral, can be ambiguity averse. While 
risk aversion arises from people’s intrinsic 
taste or preferences, ambiguity aversion arises 
from lack of information.

Like risk aversion, the ambiguity premium is 
the additional returns that investors demand 
for holding assets with uncertain or ambigu-
ous outcomes, beyond the usual risk premium. 
While a risk premium compensates for known 
risks, an ambiguity premium compensates for 
the uncertainty about the risk itself. Because 
climate events involve considerable uncer-
tainty due to unknown probabilities, ambiguity 
aversion describes people’s adaptation deci-
sions better than risk aversion.

BOX 2.2 (Continued)

Table B2.2.1 Risky versus ambiguous 
lotteries for the Ellsberg paradox

Urn Lottery
Urn A has 50 red balls 
and 50 black balls

Win $1 if red ball is 
drawn from urn A and 
zero otherwise

Urn B has 100 balls, but 
the number of red balls is 
not known

Win $1 if red ball is 
drawn from urn B and 
zero otherwise

Source: Policy Research Report team.

The optimization problem for the eco-
nomic agents under the standard utility 
model can now be reconsidered. Rather 
than forming expectations of future cli-
mate  impacts using probabilities based 
on experience, agents under deep/radical 
uncertainty will rely on subjective expec-
tations of climate impacts. For a robust 
learner, the subjective expectations may 
consist of a range of probability distribu-
tions rather than a unique distribution 
(Hansen and Sargent 2023). But in many 
cases, these subjective probabilities can 
be elicited empirically through surveys and 
experiments, and they do much to explain 
the behavior of households, farmers, and 
firms (Manski 2004). The key point is that 
these expectations will vary by agents’ 

characteristics, such as awareness, direct 
experience, and personal traits, including 
ambiguity aversion.

Aversion to uncertainty amplifies people’s 
adaptation responses to climate shocks
What would be the adaptation responses 
of different types of agents? Fatalists might 
ignore rising risk because they can do nothing 
about it. Optimists might invest less in adapta-
tion (the lowest demand curve in figure 2.2a). 
Pessimists might overreact relative to the 
pragmatists. For instance, ambiguity-averse 
pessimistic farmers or firms would demand 
more insurance or invest more in climate-
resistant technology. Households would not 
settle in flood-prone areas and would invest 
more in weatherproofing homes.



With a country’s population comprising all 
four types of agents, the higher the proportion 
of ambiguity-averse people, the stronger the 
expected adaptation responses (figure 2.2b). 
If a majority of people are aware of projected 
climate change and plan to prepare for the 
worst-case climate scenarios (ambiguity-
averse pessimists), preventive adaptation 
responses will be stronger. By contrast, the 
optimists and fatalists will rely more on coping, 
and pragmatists will use both prevention and 
coping. Country adaptation responses can be 
viewed as a weighted average of responses 
by different types of agents. The higher the 
proportion of ambiguity-averse people, the 
stronger the country’s adaptation responses. 
In other words, pessimism and higher 
ambiguity aversion will amplify the adaptation 
responses because they will prepare for the 
worst-case scenario.

People in poor and climate-vulnerable 
countries are more ambiguity averse
Ambiguity is present in virtually all situations, 
and, following Ellsberg’s 1961 experiment, 
ambiguity aversion is confirmed in many 

contexts.1 Though the proportion of different 
types of agents is not directly observable, Ells-
berg’s experiment has been run in many coun-
tries to estimate ambiguity aversion (map 2.1) 
(Rieger, Wang, and Hens 2017). These experi-
ments ask respondents to indicate their pref-
erence for a lottery with a known probability 
over a lottery with an unknown probability. 
Ambiguity aversion is the proportion of people 
who choose the lottery with a known probabil-
ity. Overall, countries where a high proportion 
of the population is ambiguity averse are also 
those that are poorer and more vulnerable to 
climate change (figure 2.3). For example, the 
proportion is high in India and Thailand. This 
is not surprising because adverse shocks can 
threaten lives and livelihoods in poorer coun-
tries, making them more averse to uncer-
tainty. People in more vulnerable countries 
also have more experience of climate’s devas-
tating effects.

The people most averse to uncertainty play 
it safe
Ambiguity aversion can lead individuals to 
“play it too safe” in two ways (Snow 2011). 

	 FIGURE 2.2  With greater expectation of climate events comes a stronger adaptation response 

b. Adaptation responses of
di�erent types of agents

a. Demand for resilience tools by
di�erent types of agents

Price Adaptation response

Quantity Expectation of severity of climate events

Optimist

Optimist

Demand
Pragmatist Pessimist

Fatalist

Supply

Pessimist

Pragmatist

Source: Policy Research Report team.
Note: Different types of people—optimists, pragmatists, pessimists, and fatalists—respond differently to the same 
information. 67
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One is by overinvesting resources in purely 
protective measures in response to climate 
uncertainty—investing more in insurance or 
in self-protection, such as weatherproofing 
houses. The other is by becoming overly 
cautious and forgoing productive, income-
enhancing investments by parking invest-
able funds in low-risk, low-return activities, 
such as large precautionary savings, safe 
subsistence crops, or larger retained earn-
ings. The incentive to play it safe is strongest 
when returns to high-risk, high-return activ-
ities, such as drought-resistant seeds, are 
ambiguous because of the uncertainty asso-
ciated with climate shocks. Cautious behav-
ior by the ambiguity averse is confirmed in 
many empirical settings, including investing 
in stock markets (Dimmock et al. 2016; Dim-
mock, Kouwenberg, and Wakker 2016; Li, 
Tiwari, and Tong 2017) and choosing inferior 
known brands over better unknown brands 
(Muthukrishnan, Wathieu, and Xu 2009; Hoy, 
Peter, and Richter 2014).

The ambiguity of climate change arises 
from the science of climate and from various 

socioeconomic and technological drivers 
of climate adaptation. Though theoretical 
insights about its implications for adapta-
tion and coping behaviors are clear, empir-
ical evidence is still emerging. For farmers 
choosing a new technology, the ambiguity 
arises because they have no experience of 
its returns under weather variability. For tra-
ditional cultivation, farmers already form this 
expectation based on their experience. So, an 
ambiguity-averse farmer may lean toward the 
safer option of traditional cultivation, a con-
jecture confirmed for farmers in very different 
country contexts, such as Lao People’s Dem-
ocratic Republic and Peru (Engle-Warnick, 
Escobal, and Laszio 2007; Ross, Santos, and 
Capon 2012). And when new crops involve 
less uncertainty, ambiguity-averse farmers 
adopt them faster than other less ambiguity-
averse farmers (Barham et al. 2014).

Farmers also lean toward safer farming 
practices in response to weather variability. 
The timing of planting is particularly sensi-
tive to rainfall. In India, every 1 percent devia-
tion from the optimal planting time each year 

Countries where a high proportion of 
the population is ambiguity averse are 
also those that are poorer and more 
vulnerable to climate change

	 MAP 2.1  With greater expectation of climate events comes a stronger adaptation response 

IBRD 48655  |
FEBRUARY 2025

AMBIGUITY AVERSION
< 0.50
0.50–0.55
0.55–0.60
0.60–0.70
>0.70

Source: Ambiguity aversion data from Rieger, Wang, and Hens (2017).
Note: The gray areas indicate territories for which data are lacking or insufficient.



causes about 3 percent lower profits relative 
to mean profits. Farmers’ subjective beliefs 
in weather forecasts are important determi-
nants of planting and technology adoption 
decisions in many countries (Brune et al. 
2015; Deressa et al. 2009; Rosenzweig et al. 
2013; Lybbert et al. 2007). Farmers decide 
the planting time to minimizes losses in the 
worst-case weather scenario in India (Kala 
2019) and adjust their acreage in Bangladesh 
(box  2.3). Ambiguity aversion also implies 
greater demand for insurance (spotlight  2.1) 
(Cecchi, Lensink, and Slingerland 2022).

How people translate information about 
expected climate events depends also on 
cognitive biases. People are, for instance, loss 
averse in the sense that they dislike loss more 
than an equivalent gain. While ambiguity itself 
is not a cognitive bias, responses to it can 
be influenced by various behavioral biases 
(box  2.4). Most cognitive biases reinforce 
ambiguity aversion, thereby eliciting stronger 
adaptation responses.

People are not passive bystanders
The sharply muted adaptation responses in 
poorer countries reported in chapter 1 con-
trast sharply with predictions that climate 
uncertainty should induce them to respond 
vigorously. Muted aggregate adaptation 
responses mean that economic agents are 
either fatalists waiting for climate shocks 
to happen but not acting (“it is all in God’s 
hands”) or that they face multiple constraints 
that prevent them from adjusting. Resilience 
policies cannot be designed without knowing 
which explanation is more relevant and which 
constraints are most binding.

Strategies for living with uncertainty
The classic paper by Ehrlich and Becker 
(1972) and its extension by Gill and Ilahi 
(2000) provide a simple but elegant way to 
summarize people’s behavior in response 
to risks. Fundamentally, individuals have 
two options to prepare for adverse shocks 

	 FIGURE 2.3  People in poor and climate-vulnerable countries are more averse to climate uncertainty
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b. More climate vulnerable countries
are more ambiguity averse

a. Poorer countries are more ambiguity averse

Proportion favoring lottery with known probability

Log GDP per capita
(purchasing power parity in 2017 international dollars)

Index of climate vulnerability

Source: Ambiguity aversion data from Rieger, Wang, and Hens 2017, vulnerability data from the Notre Dame Global 
Adaptation Initiative dataset, and GDP data from World Bank, World Development Indicators database, https://databank​
.worldbank.org/source/world-development-indicators.

Ambiguity aversion can lead individuals 
to “play it too safe” by overinvesting in 

purely protective measures and by forgoing 
productive, income-enhancing investments
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before they occur: insure—transfer income 
from good to bad states—and protect—
lower the likelihood that the bad state 
occurs (Ehrlich and Becker 1972; Gill and 
Ilahi 2000). A third option is to take none of 
the ex ante actions and simply cope when 
an adverse event occurs. As discussed 

above, these strategies apply to economic 
agents who are ambiguity averse: they will 
act more strongly than risk-averse agents. 
Each of the three broad strategies involves 
substrategies (table 2.1). The evidence 
suggests that people try to become more 
resilient when they can.

Most cognitive biases reinforce 
ambiguity aversion, thereby eliciting 
stronger adaptation responses

Farmers in Bangladesh reduce cultivated acreage in response to less 
rainfall

Bangladesh has been grappling with a sharp 
increase in rainfall variability in recent years. 
Between 2017 and 2020, annual rainfall devi-
ated from its five-year moving average by up 
to 500 millimeters, an increase in volatility of 
up to 200 millimeters from historical levels.1 
Farmers reduced acreage in response to a neg-
ative shock in rainfall and continued to culti-
vate reduced acreage for up to two successive 

years (figure B2.3.1). The results from a yield 
regression show that past rainfall variability 
has no impact on future farm productivity, as 
measured by yield per acre. Thus, farmers’ cul-
tivation decisions appear to be consistent with 
their dislike of rainfall variability.

Note
1. Khandu et al. 2017; Montes et al. 2021.

Figure B2.3.1 A negative rainfall shock decreases yields and acreages

–0.005 0.000 0.005 0.010

Rainfall in
year T–2

Rainfall in
year T–1

Rainfall in
year T

a. Cultivated acreage

Total precipitation (mm)

–0.010 –0.005 0.000 0.005 0.010

b. Yield per acre

Total precipitation (mm)

95% con�dence 
interval

95% con�dence 
interval

Source: Haque and Kahn 2024.
Note: The figure shows the coefficient estimates and the corresponding confidence intervals (95 percent) of contempo-
raneous and lagged rainfalls, as measured by total precipitation in millimeters during the growing season of that year, on 
cultivated acreage in the left panel and on yield per acre in the right panel. A positive coefficient for the rainfall variables 
implies that a negative shock in rainfall results in a decrease in acreage and yield. The regression controls for farm, year, 
season, and crop fixed effects. Moreover, standard errors are clustered at the administrative union level, the level at which 
the rainfall measurement varies.

BOX 2.3



Consumption smoothing is widespread 
in developing countries, where families 

build up precautionary savings to 
guard against consumption risks

Behavioral biases can influence people’s adaptation actions

People’s expectations about the future climate 
depend on how climate information is trans-
lated into actionable knowledge. While ambi-
guity itself is not a cognitive bias, responses 
to it can be influenced by various cognitive 
biases. Among the various sources of biases, 
the most discussed are loss aversion, proba-
bility weighting, and several mental shortcuts, 
such as status quo bias, availability heuristics, 
and mental accounting.

Most people are loss averse. The negative 
value from a loss is perceived as larger (in 
magnitude) than the positive value from an 
equal-sized gain.1 Loss-averse individuals use 
a reference point to define gains and losses 
and assign values and decision weights to 
evaluate them. Because climate shocks cause 
losses, the incentive to adapt is greater under 
loss aversion. In China, farmers’ loss aversion 
was found to be positively correlated with 
adaptation.2

People assign different probability weights 
even when probabilities are known. Experimen-
tal evidence suggests that people tend to over-
weight small probabilities and  underweight 
medium and high probabilities.3 Catastrophic 
climate events have a smaller probability of 
occurring than more frequent but smaller 
events. If evidence on people’s tendency to 
overweight small events holds true for climate 
uncertainty as well, this implies more invest-
ment in insurance and self-protection for cat-
astrophic events.

Mental accounting is the human tendency to 
assign money into subjective categories, which 
in turn influences the way it is spent. People 
spend their bonuses more freely than their 
wages. They also make mental distinctions 

between cost and loss. Because people con-
sider premiums as a cost but damage from a 
shock as a loss, mental accounting often leads 
to higher demand for insurance.

People often rely on recent experiences or 
observations to form expectations about dif-
ferent climate events and use mental shortcuts 
to make decisions. Events with a vivid impact 
or extensive media coverage lead to overes-
timations of probabilities.4 After Hurricane 
Katrina hit New Orleans in 2005, the number 
of US households with flood risk insurance 
increased more than three times more rapidly 
than in previous years. The rise in insurance 
demand was short-lived, followed by high can-
cellation rates.5 This tendency to rely on recent 
experience in decision-making translates into 
cyclical insurance purchases.

Myopic behavior resulting from narrow 
framing can mean playing it safe and underin-
vesting in adaptation strategies that offer more 
benefits in the longer term. A study of a bundle 
of drought-tolerant seeds with index insurance 
found that farmers who experienced drought 
conditions and other yield losses intensified 
their use of these technologies the year follow-
ing losses.6 And those who did not experience 
losses walked away from the technology the 
following year.

When confronted with ambiguous options, 
individuals often stick to the familiar or default 
choice. They are influenced by status quo 
bias.7 In a policy setting, many studies find that 
defaults tend to “stick”—that is, people do not 
switch to an alternative.8 For instance, when 
the default option in home insurance includes 
flood insurance, households and firms may 
stick with it.

BOX 2.4
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Strengthening resilience 
from the ground up
Insurance can help manage risk, and invest-
ment in self-protection can reduce climate 
exposure and risks (see table 2.1).

Self-insurance helps coping in the 
short term
With a climate shock, the ability of house-
holds, farmers, and firms to smooth consump-
tion depends on their ability to borrow and 
save, deplete and accumulate nonfinancial 
assets, adjust labor supply, and use informal 

insurance. Consumption smoothing is wide-
spread in developing countries, where families 
build up precautionary savings to guard against 
consumption risks. The precautionary sav-
ings for households can be monetary savings, 
buffer stocks, and even livestock (Fafchamps, 
Udry, and Czukas 1998; Kaboski and Townsend 
2011). Households smooth income by mak-
ing conservative production or employment 
choices (such as off-farm labor), diversifying 
economic activities, and migrating (Bryan, 
Chowdhury, and Mobarak 2014; Morten 2019; 
Rose 2001; Stark and Bloom 1985).

	 TABLE 2.1  Resilience strategies for households, farmers, and firms

Strategy Timing Actions Households Farmers Firms

Adapt to 
reduce 
risk

Ex ante Invest to 
protect 
against risk

Invest in stronger housing, 
better education, air 
conditioning, migration

Improve seeds, 
pursue sustainable 
agriculture and 
irrigation, migrate

Adopt air 
conditioning, 
make factory 
enhancements, 
relocate

Adapt to 
cope

Ex ante Insure to 
manage risk

Self-insure through savings, 
credit, or diversification 
of employment; migrate 
seasonally; purchase market 
insurance for home and 
property

Use savings or 
credit, diversify 
income, switch to 
new crops or other 
products, purchase 
weather insurance

Diversify supply 
chain, retain higher 
earnings, change 
inventory levels, 
purchase property 
insurance

Cope Ex post Recover 
in the 
aftermath of 
a shock

Reduce consumption and 
education expenses, sell 
assets, withdraw children from 
school and encourage them to 
marry early, push migration

Increase labor 
supply, temporarily 
or permanently 
migrate, sell 
productive assets

Sell assets, close 
business, relocate

Source: Policy Research Report team, based on Ehrlich and Becker 1972 and Gill and Ilahi 2000.

Overall, most behavioral biases reinforce 
the adaptation responses to ambiguity about 
climate risks.

Notes
1. The gains and losses are defined relative to a reference 
point in an editing phase of decision-making. At the 
evaluation stage, gains and losses are assigned values 

and decision weights, which are a function of probabilities 
(Kahneman and Tversky 1979).
2. Jin et al. 2020.
3. Kahneman and Tversky 1992.
4. Barberis 2013.
5. Hung, Shaw, and Kobayashi 2007; Jackson 1981; World 
Bank 2010.
6. Boucher et al. 2024
7. McKenzie 2024.
8. Anderson 2003; Thaler and Sunstein 2009.

BOX 2.4 (Continued)



Farmers reduced the effect of extreme tem-
perature on agricultural output by adjusting 
the area planted along with the crop mix in 
Peru (Aragón, Oteiza, and Rud 2019). Facing 
medium-term drought shocks, they devoted 
less land to water-intensive crops in India 
(Taraz 2017). They also adjusted their use of 
fertilizer and labor (Chen and Gong 2021).

A firm with sufficient scale can create net-
works with spatially dispersed input suppliers 
to diversify risks. In Tanzania, firms exposed 
to climate risk adjusted primarily through 
their supply chains by holding larger inven-
tories and building larger supplier networks 
(Rentschler et al. 2021). In Pakistan, firms 
contracted with a larger number of suppliers 
and with suppliers in less flood-prone areas 
(Balboni, Boehm, and Waseem 2025).

Informal insurance helps coping with low-
impact events but not systemic events
Informal insurance networks are community-
based mechanisms in which individuals pool 
resources to provide mutual assistance during 
times of need. These networks often comprise 
families, social groups, or local communities. 
Households and firms in developing countries 
routinely rely on these networks to cope with 
shocks, based on the principle of reciprocity, 
and the implicit premium built into the infor-
mal network is substantial (Banerjee, Bre-
on-Drish, and Smith 2021). Income hidden 
by network members greatly reduces risk 
sharing (Chandrashekar, Kinnan, and Lareguy 
2018). As a result, informal networks provide 
only partial insurance and cannot fully smooth 
income risk (Kaboski and Townsend 2011; Kin-
nan and Townsend 2012). The extent of insur-
ance coverage depends also on the quality of 
a network—poor people tend to have more 
poor people in their network and lower insur-
ance coverage as well. When climate shocks 
are systemic, affecting larger geographic 
areas, community-based informal insurance 

networks face correlated shocks, leaving them 
unable to cover risks. Informal insurance net-
works can still be effective in covering smaller 
and idiosyncratic shocks, but their relevance is 
limited for larger climate shocks (Fafchamps 
and Lund 2003; Ligon, Thomas, and Worrall 
2002; Townsend 1994).

Formal insurance coverage is limited in 
most countries
To the extent that people are ambiguity averse, 
the demand for insurance would be expected 
to increase substantially. Yet, the use of insur-
ance among farm households—the population 
that faces the highest income volatility—has 
been quite limited beyond China and India. A 
survey in 2020 found that about 265  million 
insurance policies were sold in developing 
countries, enough to provide about half of 
all farms with some insurance (Kramer et al. 
2022). About 95 percent of the insured farms 
were in China and India (with 60  percent of 
all farmers), and fewer than 10  percent of 
farms had any agricultural insurance in other 
developing countries.2 Insurance in China and 
India is heavily subsidized—approximately 80 
percent of the premium on average in both 
countries—and compulsory for some farmers 
(Giné, Goldberg, and Yang 2012; Kramer et al. 
2022). Many programs in other countries are 
also subsidized but typically at more modest 
levels and only for specific targeted groups of 
farmers. Without strong government support, 
insurance in most developing countries does 
not seem to scale up (Cole et al. 2013; Giné 
and Yang 2009).

Insurance uptake is extremely limited 
despite climate concerns among small and 
medium enterprises. In Uganda, small and 
medium enterprises are concerned about 
material losses from flooding and fire. Yet, 
there is little uptake of insurance by these 
firms (table 2.2). Many have never had insur-
ance coverage, due primarily to their small 

Informal networks provide only partial insurance 
and cannot fully smooth income risk
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size and informal nature. Liquidity con-
straints, present bias, risk aversion, lack of 
trust, and poor understanding are potential 
explanations for the lack of insurance uptake 
in low-income settings (Casaburi and Wil-
lis 2017; Cole et al. 2013; Tarozzi et al. 2014). 
Informal insurance mechanisms also seem 
ineffective, as firms often resort to individual 
preventive measures instead of relying on 

collective action within their communities. 
Most firms are on their own when facing these 
risks (Bassi et al. 2024).

Mostly the rich invest in preventive 
measures to reduce damage
Households can increase their resilience to 
extreme heat or cold, outdoor air pollution, 
and flood risk by investing in higher-quality 
housing, with better insulation or air condi-
tioning or on stilts in flood-prone areas. But 
the evidence on these strategies in develop-
ing countries is rare.

Temperature shocks (too high or too low) 
carry substantial mortality risk. Air condi-
tioning weakens the mortality-heat relation-
ship in the United States (Barreca et al. 2013; 
Carleton et al. 2022; Deschênes, Greenstone, 
and Guryan  2009), but its use remains lim-
ited in developing countries. Bangladesh, 
Malawi, Nigeria, and Tanzania have similar 

	 TABLE 2.2  Insurance uptake by small and 
medium enterprises in Uganda is very low

Insurance status Frequency Percent

Has never had 
insurance

932 97.2

Has insurance 22 2.3

Does not have 
insurance now but 
used to have it

5 0.5

Total 959 100.0

Source: Bassi et al. 2024.

	 FIGURE 2.4  Adapting to heat with cooling
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Source: Fan and air conditioning ownership data from the Living Standards Measurement Study Integrated Surveys on 
Agriculture for Malawi for 2019, Nigeria for 2018, and Tanzania for 2020, https://www.worldbank.org/en/programs​/lsms​
/initiatives/lsms-ISA; Bangladeshi fan ownership data from the Bangladesh Integrated Household Survey for 2018, 
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/NXKLZJ. Temperature is average for the 
year from the World Bank Climate Knowledge Portal, https://climateknowledgeportal.worldbank.org/.
Note: The Malawi and Nigeria surveys ask about fan or air conditioner ownership separately, while the Tanzania survey 
groups them. The Bangladesh survey asks only about fan ownership.

Insurance uptake is extremely limited 
despite climate concerns among 
small and medium enterprises



temperature ranges and different owner-
ship rates of cooling technology (figure 2.4). 
Bangladesh has the highest fan ownership, 
at 82  percent. Air conditioning ownership 
remains low but has been increasing with 
income, from 1.6 percent in 2021 to 2.3 per-
cent in 2024 (Parvez and Chakma 2024). 
Air conditioning ownership was 1.6 percent in 
Nigeria in 2018, 0.1 percent in Malawi in 2019, 
and 5 percent in India in 2016.3

In the United States, property owners 
(both households and firms) in areas with 
higher storm risks invest in stilts, seawalls, 
and other adaptations (Fried 2022). Evi-
dence of houses on stilts in flood-prone 
areas can be seen from photos, but data 
on people’s investment in weatherproofing 
properties are sorely missing in developing 
countries. The poorest agents may fare bet-
ter than relatively better-off agents because 
of their temporary (nonpermanent struc-
ture) dwellings. Disaster-resilient bamboo 
homes in Pakistan survived the historic 2022 
flooding that destroyed more than 2  million 
homes. In Bangladesh, if a flood is coming, 
homeowners can dismantle the bamboo 
skeleton of small dwellings and move it to 
higher ground (Aspinwall 2023).

Under the right conditions, farmers do 
invest in irrigation and climate-resistant 
seeds. Returns to irrigation investment are 
higher in areas prone to droughts, and farm-
ers in these areas adjust their cropping pat-
terns and invest more in irrigation (Taraz 
2017). Flood-resistant seeds expand cultiva-
tion, increase the uptake of modern cropping 
practices, boost the use of inputs such as fer-
tilizers and credit, and improve consumption 
(Dar et al. 2013; Emerick et al. 2016). A new 
short-duration, high-yielding rice variety has 
improved yields, consumption, and health 
outcomes for children under age five in Sierra 
Leone (Glennerster and Suri 2018). However, 
the upfront costs of learning and adapting 

practices for new technologies could limit 
their widespread adoption: the positive 
effects of the new rice variety in Sierra Leone 
were concentrated among farmers who also 
received high-touch training.

Firms’ self-protection measures are con-
sistent with their financial capabilities. Firms 
use cooling measures (fans, improved ventila-
tion, air conditioning) selectively. For instance, 
Indian manufacturers responded to increased 
temperatures by adopting establishment-
level climate controls or investing in innova-
tion (Gasbarro and Pinkse 2016; Somanathan 
et al. 2021). Air conditioning was used selec-
tively by firms in the high value-added dia-
mond industry for labor-intensive processes 
that contribute most to diamond quality. By 
contrast, firms in the low value-added cloth 
weaving industry did not use climate control. 
In India, manufacturing firms with LED lights 
producing less ambient heat increase worker 
productivity on hot days (Adhvaryu, Kala, and 
Nyshadham 2020). In Bangladesh, modern 
garment factories make judicious use of nat-
ural lights and ventilation through building 
design to cut electricity consumption and 
avoid the adverse effects of high temperature 
on labor productivity (Bach et al. 2023; Hos-
sain et al. 2014).

In Uganda, around half of small and 
medium enterprises indicating floods or fires 
as their main environmental concern claim to 
have implemented individual preventive mea-
sures (figure 2.5). Those measures include 
building conduits for water runoff and clearing 
drainage pathways. For those worried about 
fires, measures include not leaving appliances 
or fire stoves on at night. Such measures can 
be implemented at a very low or no cost. Sim-
ilarly, rural workers in Indonesia adapt to heat 
by changing the timing of their work shifts 
and breaks, showing the potential for adapta-
tion without costly investments in new tech-
nologies (Masuda et al. 2019).

The upfront costs of learning and adapting 
practices for new technologies could 

limit their widespread adoption
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In the long term, firms can in hot parts of 
the world adapt also by relying more on auto-
mation and shifting away from labor-intensive 
sectors to avoid exposure to rising tem-
perature. Firms with more climate-exposed 
employees tend to invest more in automation 
and retain fewer employees when they are not 
credit constrained (Xiao 2022).

Climate shocks induce people and 
firms to relocate
The impacts of climate shocks on migration 
vary by slow (drought) or rapid onset (flood-
ing) events. Slow onset events, such as tem-
perature shocks, are more likely than natural 
disasters or rainfall shocks to drive rural to 
urban migration (Baez et al. 2017; Berle-
mann and Steinhardt 2017; Bohra-Mishraa, 
Oppenheimer, and Hsiang 2014; Mueller et al. 
2014; Thiede, Gray, and Mueller 2016). While 
higher temperatures (and drought) in middle-
income economies increased migration rates 
to urban areas and to other countries, the 
opposite is observed in poor countries (Boc-
quier, Menasche-Oren, and Nie 2023; Catta-
neo and Peri 2016; Defrance, Delesalle, and 
Gubert 2023; Marchetta et al. 2021). Flood-
ing has modest to insignificant impacts on 

migration (Bohra-Mishraa, Oppenheimer, and 
Hsiang 2014; Cattaneo et al. 2019; Mueller, 
Gray, and Kosec 2014; Thiede, Gray, and Muel-
ler 2016). In Madagascar, cyclones appear to 
have no effect on migration, possibly for the 
same reason (Marchetta et al. 2021). Natu-
ral disasters and fast onset climate shocks 
trigger large relief efforts, but slow-moving 
temperature rises do not. Climate-induced 
migration is more prevalent among richer 
households (due to their ability to migrate) 
and among people with better social and kin-
ship networks (Jha 2018; Kubik and Maurel 
2016).

Seasonal and short-term migration helps 
in coping after climate events. In Viet Nam, 
following a massive drop in income, house-
holds cope mainly through labor migration 
to urban areas, and, in general, migrants find 
jobs extremely quickly and earn a wage far 
above rural standards (Gröger and Zylber-
berg 2016). Short-term migration also helps 
integrate labor markets spatially. The impacts 
of climate shocks on the local economy are 
dissipated across labor markets when labor 
markets are well integrated through migration 
(Cadena and Kovak 2016), acting as an addi-
tional insurance mechanism. In Bangladesh, 

Seasonal and short-term migration 
helps in coping after climate events

	 FIGURE 2.5  Small and medium enterprises in Uganda self-protect against flood and fire
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Source: Bassi et al. 2024.



short-term migration during lean seasons has 
large returns for households in poorer areas, 
yet migration rates are low, suggesting that 
they face steep costs as well (Bryan, Chowd-
hury, and Mobarak 2014).

A geographic relocation of firm activi-
ties may become unavoidable in the face of 
extreme temperatures, droughts, floods, or 
rising sea levels (Linnenluecke, Stathakis, 
and Griffiths 2011). With people responding 
to some extent to climate change by migrat-
ing, the available labor supply may influence 
a firm’s incentive to relocate or vice versa 
(Goicoechea and Lang 2023). In the United 
States, abnormal temperature and flooding 
induce firm entry, exit, and reallocation into 
less climate-prone areas (Castro Vincenzi  
2023; Jia, Ma, and Xie 2022; Jin et al. 2021). 
In Pakistan, firms affected by major floods 
relocate to less flood-prone areas, diversify 
their supplier base, and shift the composition 

of their suppliers toward those located in 
less flood-prone regions and reachable on 
less flood-prone roads (Balboni, Boehm, and 
Waseem 2025). While relocation is feasible is 
for large firms, most small firms affected by 
climate shocks just go out of business (Pelli 
et al. 2023).

Most poor people cope in the 
aftermath of climate shocks
In Nigeria, the probability of coping by sell-
ing assets, reducing consumption, increas-
ing labor supply, sending children to live with 
others, or withdrawing them from school 
after drought or wet shocks is higher among 
households in poorer areas than among those 
in better-off areas (figure 2.6). The probability 
of self-insurance, such as savings, borrowing, 
and getting assistance from social network, 
is also higher among households in poorer 
areas. Households in relatively better-off 

	 FIGURE 2.6  The poor in Nigeria rely more on ex post coping than ex ante self-insurance in dealing 
with climate shocks
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Source: Shilpi and Berg 2024, using data from the Nigeria Living Standards Measurement Study Integrated Surveys on 
Agriculture, 2010/11, 2012/13, 2015/16, 2018/19.
Note: (n = 16,723 observations over ther four waves of the survey. The dependent variable is an indicator for households 
using at least one of the self-insurance or coping instruments. The controls include the age, gender, and highest level of edu-
cation of the household head; the dependency ratio; the average temperature; and an indicator for urban location. Standard 
errors are clustered at the primary sampling unit. Drought condition is defined as having the primary sampling unit (psu) 
in the lower 20 percent of the Standardized Precipitation and Evapotranspiration Index distribution, and wet condition is 
defined as having the psu in the top 20 percent of the distribution. The omitted category is the psu with normal weather.

Climate risks and uncertainty could 
increase economic inequality in the short 
run and result in higher intergenerational 

persistence of inequality
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areas rely on these measures only for drought 
shocks.

The proportion of people too poor to invest 
in adaptation is large in poorer countries. With 
a loss of income, more than two-thirds of 
households in Bangladesh, Colombia, Kenya, 
and Viet Nam would be unable to cover basic 
needs for three months using just their sav-
ings or sales of assets (Gubbins 2020). Poor 
people lose a greater share of their wealth in 
natural disasters because of the nature and 
vulnerability of their livelihoods and assets 
(Erman et al. 2020; Hallegatte et al. 2017). 
While all household members experience 
hardship from large natural hazards, adult 
outcomes tend to revert to their long-term 
trends eventually, whereas children can suffer 
permanent effects, especially during the crit-
ical first two years of life.4 The worrying thing 
about these short-term survival strategies is 
that they threaten poor people’s human cap-
ital accumulation and economic well-being in 
the longer run.

Richer households can better adapt to cli-
mate risk because higher incomes allow them 
to purchase more durables, eat better foods, 
and access better housing and medical care. 

Higher incomes also allow families to invest 
more in children’s human capital, which in 
turn helps them adapt to uncertain events in 
the longer run. Richer families are also bet-
ter placed to send family members to areas 
that are less vulnerable to shocks and more 
rewarding in earnings.

The differences in the abilities of poor and 
rich families to adapt to climate risks imply 
that climate risks and uncertainty could 
increase economic inequality in the short run 
and result in higher intergenerational per-
sistence of inequality. The underinvestment 
and the potential for higher intergenerational 
immobility are doubly costly for economic 
growth and climate resilience.

Overall, poorer economic agents are not 
able to adapt enough for smooth recov-
ery and bear the risk of falling behind in the 
medium run. Among agents who can adapt, 
the poorer ones may overreact by devoting 
disproportionate resources to precautionary 
savings and forgoing productive investments. 
Only the richer and pragmatic agents can 
avoid both under- and overreactions and pull 
ahead in the longer term.



	 SPOTLIGHT 2.1  Farmers and the search for better insurance

Among the many puzzles of insurance 
demand is evidence that households often 
pay too much for insurance on small, diversi-
fiable risks. To better understand how willing-
ness to pay for insurance varies with contract 
features, 1,978 farming households in Mah-
bubnagar and Anantapur, India, were offered 
a chance to participate in a bidding game to 
purchase rainfall insurance policies at a dis-
counted price.

Insurance policies were designed to cover 
about 12.5 percent of the production costs of 
the main cash crop in one acre of land against 
deficient rainfall during the Kharif (monsoon 
season), which is the main cropping season, 
running from approximately June to Septem-
ber. Each policy divides the cropping season 
into three phases of 35 days, roughly corre-
sponding to sowing, podding/flowering, and 
harvest. Payouts in the first two phases are 
linked to deficit rainfall, while the last phase is 
linked to excess rainfall.

At the time of the experiment, farmers 
were allowed to bid on insurance contracts 
in a second price auction. The number of 
policies to purchase and the available dis-
count were randomized across households. 

Households were asked to bid on phase 1 or 
phase 2 (depending on the time of the visit) 
for each of four insurance policies, one of 
which would be available at a discount. The 
four insurance plans included the real insur-
ance plan being sold in the area and three 
hypothetical variations.

Figure S2.1.1a represents the original insur-
ance policy sold in one of the five areas where 
the experiment took place. Under this ver-
sion, policyholders receive the maximum pay-
out of Rs 1,000 if there is zero rainfall during 
the phase. If rainfall is 0–30 millimeters, 
farmers receive a decreasing payout along 
the downward slope (less rain, more payout). 
Figure S2.1.1b represents the hypothetical 
policy with a higher exit. Under this policy, 
policyholders receive the maximum payout 
if cumulative rainfall is 0–5 millimeters. If 
rainfall is 5–30 millimeters, farmers receive 
a payout that decreases as rainfall increases. 
Above 30 millimeters of rainfall, there is zero 
payout. Figure S2.1.1c illustrates the hypo-
thetical policy with a lower payout schedule. 
Under this version, farmers receive the maxi-
mum payout if rainfall is zero but receive less 
payout between 0 and 30 millimeters. There 

	 FIGURE S2.1.1  Actual and hypothetical rainfall index insurance policies
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Source: Cole, Giné, and Vickery 2024.
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is a fourth hypothetical policy, whereby the 
payout mimics the original policy, but the 
basis risk is higher because the rainfall read-
ing would come from a station farther away. 
Depending on how rainfall in the location far-
ther away compares with rainfall in the area, 
the fourth option offers a product with higher 
or lower value.

The results suggest that farmers value the 
modified payout (figure S2.1.1c) the most, 
then the original policy (figure S2.1.1a), the 
higher exit next (figure S2.1.1b), and the mod-
ified basis risk the least. When farmers’ bids 
over expected payouts (vertical axis) are 
plotted against their own subjective proba-
bility (horizontal axis), pessimistic farmers 
who overestimate the probability of the cata-
strophic state (subjective probability > actual 
probability) would value the lower payout 
policy the most, while optimists would prefer 
the higher exit policy instead (figure S2.1.2). 
In other words, that farmers value the lower 
payout policy the most suggests that farmers 
are pessimistic. Because such policies pay 
out less during moderate events, they tend to 
be cheaper but would still offer coverage for 
catastrophic events.

	 FIGURE S2.1.2  How optimist and pessimist 
farmers value insurance

–0.10 –0.05 0.00 0.05 0.10

Bid/expected value

Subjective minus actual probability of
catastrophic state (π1 – p1)

0.5

1.0

1.5

2.0

Original

Modi�ed mm

Modi�ed exit

Source: Cole, Giné, and Vickery 2024.
Note: Modified exit refers to insurance contracts that pay out if 
an “exit” condition (total crop failure) is reached. Modified mm 
refers to insurance contracts that pay out if rainfall is below 
the strike level in millimeters. The vertical axis shows the bid 
amount divided by the expected value of the insurance policy. 
The horizontal axis shows the difference between the subjec-
tive probability of the catastrophic state 1 (π1) and the actual 
probability (p1). If the difference is positive (π1 > p1), the farmer 
is pessimistic. If the difference is negative (π1 < p1), the farmer 
is optimistic.

Notes
1.	 See Trautmann and van de Kuilen (2015) for a survey.

2.	 In terms of value, China and India accounted for 

96  percent of total insurance coverage, and most 

of the remaining coverage was in Latin America and 

the Caribbean (2.1 percent). Just 0.1 percent was in 

Africa, and 0.5 percent was in the rest of Asia.

3.	 Based on International Energy Agency data, https://

www.iea.org/data-and-statistics. See also Statistica 

(2024).

4.	 For more detail, see Behrer (2023) for a survey. See 

also Gatti et al. (2023).
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3  Markets and the Missing Tools 
for Resilience

When market and policy 
gaps hinder action
Not all constraints bind equally, and identify-
ing the most binding constraints and focus-
ing on policies to relax them are parts of a 
sensible and practical adaptation strategy 
to improve resilience (Rodrik 2007, 2010). 
Like growth, climate resilience involves mul-
tidimensional adaptation and coping, as the 
preceding chapters describe. It is a product 
of individual, collective, and public actions to 
deal with varied climate trends and shocks. 
Analysis of these actions, or lack thereof, is 
needed to identify binding constraints and 
potential policy measures. The main finding 
from previous chapters is that adaptation 
is muted not because people are fatalists 
but because their ability to adapt is often 
severely constrained due to a lack of finan-
cial resources, tools, or options. This chapter 
focuses on the constraints imposed by a lack 
of affordable tools and services supplied by 
markets.

Households, farmers, and firms lack 
access to affordable resilience tools 
and services
Preparing for possible negative climate-
induced shocks is often a private decision. 
Under deep climate uncertainty, people 
have strong incentives to invest in resilience. 
Being able to do so requires widely available 
and generally affordable resilience tools and 
services. Markets play a critical role in pro-
viding these tools and services, often very 
efficiently (box 3.1). Finance and insurance 
products are usually supplied by markets. 

Other product and factor markets are also 
important for helping people adapt and man-
age risks. But failures in these markets are 
common in developing countries. They arise 
from asymmetric information, weak institu-
tions, and poor infrastructure. These failures 
drive up the costs for suppliers and result in 
inadequate resilience tools and products. 
Even when essential tools and products are 
offered, they are rarely available at affordable 
prices or at the scale needed to fully address 
the resilience task.

Climate uncertainty can increase the cost 
of supplying resilience tools
Pessimism among households, farmers, and 
policy makers could lead to stronger adap-
tation actions, but pessimism among firms 
could jeopardize provision of adaptation 
tools by markets. Take insurance firms. First, 
like households, farmers, and policy makers, 
insurance firms are ambiguity averse—
indeed more so than their customers, per-
haps, because, as with poor people, the 
stakes are higher for them (Cabantous 2007; 
Hogarth and Kunreuther 1989). Insurance 
firms know that the risk of climate events 
cannot be computed from the past incidence 
of weather events—a fact that induces extra 
uncertainty. They must account for a pos-
sible shift in weather distribution over time 
due to anthropogenic climate change. The 
cost of this added uncertainty may be small 
for some types of risk but could be sub-
stantial for natural hazard risks, for which 
expected losses are driven by events that are 
very rare, highly uncertain, and much larger 87
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(Moore 2024). (Note that the uncertainty 
considered here is that of the probability 
distribution of weather, not that of risk, for 
which probabilities are known.)

The insurance industry uses quantitative 
models to estimate and price risk. For instance, 
catastrophe models usually overlay cur-
rent maps of property locations and climate 

Markets to the rescue: Having confronted repeated droughts, 
pastoralists in northern Kenya are replacing cattle with drought-
resistant camels

The Boran and Gabra people in northern Kenya 
have been cattle herders and pastoralists for as 
long as the communities can remember. Cattle 
provide both milk and meat and are important 
for cultural rituals and social status. Kenya, like 
similar regions around the world, has become 
hotter while rainfall has become less pre-
dictable. The 2005–06 drought reduced the 
pastoralists’ herds of cattle, goats, and sheep 
by 30 percent in just one year. The 2020–23 
drought decimated 80 percent of the cows.

As the local saying goes, the cow is the first 
animal to die in a drought; the camel is the last. 
Camels have been the lifelines of pastoralists 
in the deserts of the Middle East for thousands 
of years. They can go two weeks without water, 
as opposed to a day or two for a cow. They can 
survive even after losing 30 percent of their 

body weight. Their body temperatures fluctu-
ate in sync with daily climate patterns. Somali 
traders first introduced camels to northern 
Kenya in the 1980s. In the 1990s, livestock 
markets expanded in the area, and by the mid-
2000s, the region had demand and a good 
price for camels and camel milk. From 1999 to 
2022, the camel population in Kenya rose from 
800,000 to 3.6 million, making the country the 
largest exporter of camel milk.1 The pastoral-
ists adopted camels mostly on their own, with-
out any direct government interventions. The 
adoption was made possible by traders seeking 
arbitrage opportunities in livestock markets.

Note
1. Based on data from the Food and Agriculture Organization, 
FOSAT, https://www.fao.org/faostat/en/#data/QCL.

Figure B3.1.1 Camel market in northern Kenya

Source: Based on Ferdinand 2019; Harlan and Ombuor 2024. Photograph from Ferdinand 2019.

BOX 3.1

Unstable and unpredictable insurance 
prices create challenges for property owners 
since decisions that impact exposure to 
insurance price volatility are long term

https://www.fao.org/faostat/en/#data/QCL


vulnerability to estimate expected losses. 
These models assume the distribution of past 
weather events is representative of today’s. 
Adjusting the insurers’ model to include the 
possibility of a shifting weather distribution 
due to climate ambiguity will drive up insur-
ance premiums substantially (Moore 2024).

The annual renewal of insurance con-
tracts allows insurers (subject to regulatory 
approval) to rapidly adjust prices in response 
to new climatological information, thereby 
increasing the volatility of premiums. Unsta-
ble and unpredictable insurance prices cre-
ate challenges for property owners since 
decisions that impact exposure to insurance 
price volatility are long term.

Second, natural hazards are challenging 
for private insurers to cover because losses 
are highly concentrated in space and time. 
Unlike other insurance lines, where claims are 
stable from year to year and premiums can 
be set to closely match, losses due to natural 
hazards exhibit considerable interannual vari-
ability, even when aggregated across all perils 
at the global level (Swiss Re Institute 2019). 
The correlated nature of climate shocks 
across areas limits the possibility of manag-
ing risk through diversification. The nature of 
the losses requires underwriters to maintain 
access to large amounts of liquid capital to 
pay claims in the event of a major disaster. 
This is expensive, because it requires paying 
fees to reinsurers or premiums to investors in 
insurance-linked securities. Climate ambigu-
ity thus leads to higher costs of reinsurance 
and premiums to investors (Moore 2024).

Though the business of insurance com-
panies is a prime example of how climate 
uncertainty can drive up prices, the argument 
applies to other firms supplying resilience 
tools, such as climate-resistant technology 
and investment products. These costs are 
passed on to consumers, potentially raising 
premiums above expected losses.

	 FIGURE 3.1  Climate uncertainty drives up the 
price of resilience tools

Price

Quantity

Without
climate
uncertainty

S

D D′

S′
With

climate
uncertainty

Source: Policy Research Report team.
Note: D = demand curve; S = supply curve.

Climate uncertainty can cause markets to 
shrink or even disappear
Observed market prices and purchases of 
resilience tools are equilibrium outcomes. 
Climate uncertainty means higher demand 
from consumers (the shift from D to D′ in 
figure 3.1; see also chapter 2). But higher 
costs associated with supplying tools mean 
a leftward shift in the supply curve (from 
S to S′). As a result, prices will rise. And for 
extreme events, prices can rise to the extent 
that in equilibrium, few products are likely to 
be available, and the products that are avail-
able are unaffordable for most people.

Evidence from insurance markets suggests 
that this is indeed happening. Among farm-
ers in India, demand for insurance is higher 
for extreme climate events than for more fre-
quent but low-impact events (see spotlight 
2.1 in chapter 2). But over time, insurance 
markets have moved away from covering 
extreme climate events. In 2006, insurance 
policies were designed primarily to insure 
against extreme rainfall events, with payouts 
only above the 92nd percentile (figure 3.2). 
By 2010, they were designed to pay out more 

The costs of extreme climate events can drive 
firms supplying resilience tools out of markets
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regularly, providing income during periods of 
moderately deficient rainfall. The field exper-
iments described in chapter 2 (spotlight 2.1) 
suggest that in 2010, farmers valued the 2006 
policy most, but only the 2010 policy was 
available. With insurance no longer offered for 
extreme events, farmers in India are less pro-
tected from major catastrophes, which are 
becoming more intense with climate change.

The costs of extreme climate events can 
drive firms supplying resilience tools out of 
markets. Large expected losses could cause 
insurance firms to leave the affected areas 
(box 3.2). For instance, in the island nations 
along Hurricane Alley in the Caribbean, the 
probability of catastrophic hurricanes is so 
high that even without ambiguity aversion, 
risk-averse or even risk-neutral insurance 
companies cannot offer insurance coverage 
without risking bankruptcy. For these cases, 
market insurance is not feasible, alterna-
tive insurance tools such as risk-pooling by 
countries, including the Caribbean Catastro-
phe Risk Insurance Facility and African Risk 
Capacity program, offer one option. Another 

option is catastrophe bonds, which are 
insurance-linked  securities that are traded 
in  capital markets. By spreading risk over 
multiple geographies, these bonds can bring 
down the cost of insurance (Barnett et al. 
2008). For climate events that are not cata-
strophic, private insurance markets can offer 
coverage. However, the presence of climate 
uncertainty means that products that would 
have been offered under simple risk aversion 
would not be offered or would be offered at a 
much higher cost.

Lack of information leads to market 
failures
In the presence of climate uncertainty, infor-
mation on climate trends and events is invalu-
able for firms’ decisions to supply resilience 
tools and people’s decision to use them. Most 
people can check the daily weather forecast 
on their mobile phone for free, thanks to pri-
vate companies such as The Weather Com-
pany and AccuWeather, which collate mete-
orological data collected and processed by 
national and international public agencies. 

	 FIGURE 3.2  Insurance markets in India have moved away from covering extreme climate events
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Payout (percent of policy limit)
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Payout rank (percentile)
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Source: Cole, Giné, and Vickery 2024.
Note: Payouts were based on historical rainfall data for 1963–2009.

In the presence of climate uncertainty, 
information on climate trends and events 
is invaluable for both people and firms



National meteorological agencies also pro-
vide information and warnings about flood-
ing, cyclones/hurricanes, and other severe 
weather phenomenon.

For resilience decisions, people and firms 
need medium- and long-term forecasts in 
addition to acute information on impend-
ing weather events. Medium-term weather 
information helps households, farmers, and 
firms make production and savings decisions 
(including crops, products, and precautionary 
savings), whereas long-term forecasts inform 
their investment decisions. Markets for this 
information have started to emerge in devel-
oped countries but not in developing coun-
tries. Creating a (public and private) network 
to provide this information requires accurate 

weather data transmitted to people in real 
time.

Fewer weather stations in developing 
countries mean less information for 
households, farmers, and firms
The spatial distribution of weather stations 
corresponds directly to population density 
(map 3.1). The density of weather stations per 
square kilometer is high in the United States 
and India. But adjusting for population reveals 
disparities: India has 2.7 stations per million 
people compared with 217 in the United States, 
and Sub-Saharan Africa has 1.6 stations per 
million people compared with 13 in Germany. 
More important, data collection by stations in 
developing countries is often sporadic.

Extreme weather events have driven major US insurers out of 
the market

The frequency and severity of extreme 
weather events have increased substan-
tially in recent years. In the United States, 
the number of events with losses of more 
than $1 billion (in inflation-adjusted terms) 
rose from an average of 3.3 a year in the 
1980s to 20.4 for 2019–23.1 Losses from 
the unprecedented California wildfires in 
2017 and 2018 were more than double the 
profit from all property insurance in the 
state for the previous 30 years.2 Greater 
losses are also due to growth in population 
density and capital stock in high-risk areas.

The growing losses pose challenges to 
private insurance markets. Most major 
insurers exited Florida and Louisiana fol-
lowing the large hurricane-related losses 
since 2005. Those markets are now 
dominated by small firms with highly 
concentrated risk, heavily reliant on the 

reinsurance market. As of 2018, over half 
the value underwritten in Florida is from 
firms without a credit rating from the 
major rating agencies. Between 2021 and 
2023, nine Florida insurers became insol-
vent.3 The record losses due to the Cali-
fornia wildfires led major insurers to limit 
underwriting in the state, leading to mas-
sive growth in the state’s public last-re-
sort insurance program.4 Price volatility 
or unavailability of property insurance can 
quickly spill over to the mortgage market 
because lenders require insurance on the 
properties that secure the loan.

Notes
1. Smith 2024.
2. Kousky 2022.
3. Fliegelman 2023; Sastry, Sen, and 
Tenekedjieva 2024.
4. Insurance Information Institute 2023. See also 
Kousky (2022).

BOX 3.2
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The accuracy of medium- to long-term 
forecasting is lagging in poorer countries
Weather forecasting has greatly improved 
over the past three decades. Accurate short-
term (next-day) forecasts are widely available, 
and four-day forecasts today are as accurate 
as one-day forecasts 30 years ago. But the 
accuracy of forecasts in low-income countries 
lags that in richer countries (figure 3.3): a 
seven-day forecast in a rich country can be 
more accurate than a one-day forecast in 
some low-income countries (Linsenmeier 
and Shrader 2023). The critical challenge is to 
make accurate weather forecasts available to 
all at a reasonable cost.

Local research and development capacity 
to translate raw weather data from weather 
stations and satellites into usable medium- 
to long-term forecasts is weak or lacking in 
developing countries because of inadequate 
public investment and scarcity of trained pro-
fessionals. Basic data gathering and transla-
tion skills are also preconditions for private 

markets to emerge in information. The lack 
of local capacity in both physical infrastruc-
ture and human capital is reflected in how few 
poorer countries share local data with inter-
national agencies, such as the World Meteo-
rological Organization (figure 3.4).

Communication infrastructure is weak in 
many countries
To be useful, information must be communi-
cated to people in real time. The rapid expan-
sion of the mobile phone network and its use 
have greatly reduced this constraint. Mobile 
phone subscriptions have reached satura-
tion levels, and more than 90 percent of peo-
ple have access to electricity—needed for 
charging and running electronic devices—
except in low-income countries, where 
60  percent of people have a mobile phone 
and 45 percent have access to electricity. The 
cost of mobile internet data has also declined 
markedly around the world. The remaining 
constraint is the speed of mobile internet data, 

Access to finance is the first line of 
defense for households, farmers, and 
firms facing climate change

	 MAP 3.1  Sub-Saharan Africa remains an information desert in terms of weather stations
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Source: National Oceanic and Atmospheric Administration, National Centers for Environmental Information, 
Global Historical Climatology Network Daily database, https://www.ncei.noaa.gov/products/land-based-station​
/global-historical-climatology-network-daily, based on station data downloaded in 2024.
Note: The white areas indicate water (lakes, seas, and oceans).
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which is much higher in developed countries 
and East Asian countries (map 3.2). The physi-
cal digital network remains weak in many poor 
countries. Similarly, despite great strides in 
access to electricity, reliability lags in poorer 
countries in Africa.

Households, farmers, and firms need 
access to finance first and foremost
Access to finance is the first line of defense 
for households, farmers, and firms facing cli-
mate change. Access to finance helps them 
smooth out smaller shocks through personal 
savings or, for the poorest, through a social 
protection program. It provides such instru-
ments as loans and credit lines to manage 
unexpected emergencies. It also allows for 
long-term investment in self-protection. Hav-
ing a bank account helps households, farm-
ers, and firms insure themselves against cli-
mate shocks (spotlight 3.1). Access to finance 
also fuels economic development by relieving 
saving and investment constraints. Asym-
metric information is often the source of high 
transaction costs in financial markets.

Financial markets for savings and credit 
are subject to two well-known problems aris-
ing from asymmetric information: adverse 
selection and moral hazard. Adverse selec-
tion arises because banks lack information 
on the riskiness of potential borrowers, and 
riskier borrowers have a greater incentive to 
seek bank loans. Banks compensate for being 
unable to discriminate between safe and risky 

	 FIGURE 3.3  The accuracy of weather forecasts has improved, but gaps persist between richer and 
poorer countries
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Source: Linsenmeier and Shrader 2023.

	 FIGURE 3.4  The proportion of countries 
sharing data with the World Meteorological 
Organization rises with income
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Source: Linsenmeier and Shrader 2023.

The near-universal adoption of mobile 
phones and their use in mobile banking 

have dramatically reduced the fixed 
costs of providing financial services

93

C
ha

pt
er

 3
 |

 M
ar

ke
ts

 a
nd

 t
he

 M
is

si
ng

 T
oo

ls
 f

or
 R

es
ili

en
ce



94

R
et

hi
nk

in
g 

R
es

ili
en

ce
 |

 A
da

pt
in

g 
to

 a
 c

ha
ng

in
g 

cl
im

at
e

borrowers by charging higher interest rates, 
which could drive safe borrowers out of the 
market (Stiglitz and Weiss 1981).

Moral hazard arises because having credit 
may encourage economic agents to be less 
vigilant and to engage in riskier behavior. 
Financial markets respond to this problem 
by requiring collateral for borrowing. The col-
lateral requirement shuts out from financial 
markets a large part of the population who 
lack sufficient assets. The high cost of bor-
rowing generates a negative externality: many 
safe agents are unable to find affordable 
products.

The need to serve geographically scat-
tered small accounts adds to banks’ admin-
istrative costs. The small customer base in 
many markets makes it difficult to reduce 
fixed costs and expand market coverage. 
This could lead to a familiar coordination 
failure, whereby a vibrant market does not 
emerge due to information asymmetry and 
high fixed costs.

Multiple innovative financial products 
attempt to tackle adverse selection and 

moral hazard. For instance, group liability 
replaces the collateral requirement in some 
microfinance products. The near-universal 
adoption of mobile phones and their use in 
mobile banking have dramatically reduced the 
fixed costs of providing financial services—
particularly for scattered customers with 
smaller transaction sizes. But a large part of 
the population still lacks access to financial 
services, notably credit.

Transaction accounts have grown, but 
savings and credit lag
A transaction account allows holders to 
send and receive payments, save, borrow, 
and manage cash flow. From 2011 to 2021, 
transaction account ownership among 
the adult population rose from 50 percent to 
76  percent globally and from 42 percent to 
71 percent in developing countries. In develop-
ing countries, lack of income limits access to 
these accounts: the gap in account ownership 
between the richest 60 percent and the poor-
est 40 percent of households is 8 percentage 
points (figure 3.5).

Though insurance is helpful for overall 
economic development, it carries special 
relevance for climate resilience as a tool 
for people to prepare for climate shocks

	 MAP 3.2  The speed of mobile internet data is lower in developing countries
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Farmers’ willingness to pay for index 
insurance typically falls short of actuarially 

fair prices and hence market prices

	 FIGURE 3.5  Ownership of financial accounts 
has increased in developing countries, but a gap 
persists between richer and poorer respondents
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Source: Global Findex Database 2021, https://www​
.worldbank.org/en/publication/globalfindex.
Note: Refers to respondents in developing countries who 
report having an account (by themselves or with someone 
else) at a financial institution (bank, bank, credit union, 
microfinance institution, or post office that falls under reg-
ulation by a government body) or report personally using a 
mobile money service in the past year.

	 FIGURE 3.6  Use of digital financial services varies in developing countries
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The Covid-19 pandemic accelerated the use 
of digital payments. Expanding mobile money 
enables financial inclusion and drives account 
ownership and use. Mobile money accounts 
contributed to the 16 percentage point 
increase in account ownership in developing 
countries between 2014 and 2021 (figure 3.6). 
The share of adults who made or received 
a digital payment rose from 35  percent to 
57  percent. But credit and savings continued 
to lag: only half of adults in developing coun-
tries borrowed any money, and the share that 
saved any money fell after 2014.

Globally, 1.4 billion adults remain unbanked, 
and half of them live in seven economies 
(Bangladesh, China, Egypt, India, Indonesia, 
Nigeria, and Pakistan) (Demirgüç-Kunt et al. 
2022). In addition to lack of money, other fac-
tors constraining account ownership include 
distance to a financial institution and lack of 
documentation, such as digital IDs essential 
for digital accounts. Insurance—an important 
tool for resilience—faces high risk and thus 
remains out of reach for many.
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Households, farmers, and firms need 
access to insurance to smooth risks 
and recover after a shock
Insurance helps households, farmers, and 
firms plan for a swift recovery from damaging 
climate shocks. Though insurance is helpful for 
overall economic development, it carries spe-
cial relevance for climate resilience as a tool for 
people to prepare for climate shocks. Adverse 
selection and moral hazard arising from asym-
metric information plague insurance markets 
as well. To borrow an example from the health 
insurance literature, individuals with higher 
risk (sick patients) have a greater incentive to 
seek insurance coverage. The insurance com-
panies compensate by charging premiums.

Having insurance may encourage economic 
agents to be less vigilant and engage in riskier 
behavior. Insurance markets solve this moral 
hazard by offering products that provide par-
tial coverage, such as index insurance for 
rainfall. Implementing an insurance program 
also involves high startup costs for design and 
marketing, as well as education and capac-
ity building among local staff, delivery agents, 
government officials, and consumers.

Climate uncertainty does not necessarily 
increase these traditional costs of providing 
insurance. As noted above, it adds capital 
and refinance costs: the losses from large 
catastrophic events are so large that even 
refinance companies and investors that back 
insurance products cannot smooth them out 
spatially or across years. Ambiguity-averse 
investors thus demand a large uncertainty 
premium, leading to the disappearance of pri-
vate providers, even in developed countries.

This section discusses the practical impli-
cations of these problems for insurance 
demand, particularly those related to afford-
ability, basis risks, and trust. The discussion 
focuses on index insurance, the most com-
mon insurance product for dealing with cli-
mate events in developing countries. Property 

insurance is also subject to climate risks and 
discussed in later subsections.

Insurance products remain unaffordable for 
most poor farmers
The price of weather index insurance is a 
major constraint facing farmers. It tends to 
be high for several reasons. One is the load-
ing factor—the additional premium on top of 
the base premium for a policy—which is typ-
ically 50–70 percent (Cole, Giné, and Vickery 
2024). Another is the difficulty of determining 
a fair price in the context of data scarcity and 
climate change. These information imper-
fections translate into uncertainty loadings, 
which further boost the price. When few farm-
ers buy insurance, institutions are unable to 
earn enough profit, and insurance stops being 
offered (Ahmed, McIntosh, and Sarris; Stoef-
fler et al. 2022).

Liquidity constraints among small farmers 
are also responsible for low insurance uptake. 
For instance, unexpected positive liquidity 
shocks increase Indian farmers’ purchase of 
index insurance (Cole et al. 2013). Premiums 
often must be paid ahead of the cropping 
cycle, when other spending on inputs (seeds, 
fertilizer, and the like) is made. One possible fix 
is deferring payment of premiums until after 
the harvest, when financial resources are more 
readily available. Such a deferral increases 
uptake by 8–72  percentage points (Belissa 
et al. 2019; Casaburi and Willis 2018; Liu, Chen, 
and Hill 2020). But it also raises the possibility 
of default by farmers and may not be feasible 
when farmers cannot be held accountable due 
to weak institutions.

Farmers’ willingness to pay for index insur-
ance typically falls short of actuarially fair 
prices and hence market prices. Demand for 
index insurance is moderately price elastic and 
typically collapses before reaching the market 
price.1 As a result, index insurance products 
in China and India—where uptake is much 

Access to product and factor markets 
and to essential services can enhance 
climate resilience directly and indirectly



wider—involve subsidies equivalent to 70 per-
cent of the premiums (Kramer et al. 2022).

Index insurance carries substantial basis 
risk, dampening demand
Basis risk is perhaps the largest barrier to 
insurance adoption (Clarke 2016; Elabed 
et al. 2013; Jensen, Barrett, and Mude 2016). 
It arises because the index used to trigger 
payouts is imperfectly correlated with agri-
cultural income or assets. This low correlation 
may be due to differences between the index 
measured in the weather gauge and that mea-
sured on a farm (particularly when they are 
separated by a long distance) or differences 
between what the index covers and what the 
farmer cares about. For example, a policy that 
covers only rainfall shortages will not pro-
tect a farmer from yield losses due to pests. 
Results from index-based livestock insurance 
programs in Ethiopia and Kenya suggest that 
index insurance reduces exposure to covari-
ate risk by an average of 63 percent but that 
69  percent of the original risk remains due 
to idiosyncratic risk. Rainfall at rain stations 
and yields are often poorly correlated when 
stations are not within villages (Mobarak and 
Rosenzweig 2012).

Though basis risk is difficult to measure 
without time series data on yield or household 
losses, several experimental studies find that 
demand for insurance is negatively correlated 
with basis risk (Cole, Giné, and Vickery 2024; 
Jensen, Barrett, and Mude 2016). For instance, 
farmers located less than 5 kilometers from a 
weather station are four times as sensitive to 
insurance premiums as farmers located more 
than 12 kilometers from one (Hill, Robles, and 
Ceballos 2016).

Purchasing index insurance can be seen as 
a double lottery, with both the weather event 
and the payout for a given weather outcome 
being stochastic. Instead of reducing risk, index 
insurance introduces ambiguity due to basis 
risks. When insurance involves ambiguity, it 

reduces demand for insurance: evidence from 
field experiments finds a negative relationship 
between a proxy for ambiguity aversion and 
insurance uptake (chapter 2).2

Farmers do not trust that insurance 
indemnity will be paid
A third factor limiting farmers’ insurance 
uptake is a lack of understanding and trust. 
Financial literacy is typically low among small-
holder farmers, limiting adoption of insurance 
(Cai, de Janvry, and Sadoulet 2015; Cole et al. 
2013; Giné and Yang 2009). Farmers may not 
trust that benefits will be paid out at all. With 
insurance benefits observed only in bad years, 
absent a negative shock, farmers do not per-
ceive a tangible benefit from having insurance.

Endorsement of insurance products by a 
trusted third party increases insurance uptake 
by 40 percent (Cole et al. 2013). When insured 
farmers received a payout or saw that their 
insured peers did, they were more likely to trust 
in the benefits of insurance and purchase it in 
subsequent years (Cai, de Janvry, and Sadou-
let 2020; Cole, Stein, and Tobacman 2014; 
Karlan et al. 2014). But because insurance is a 
complex product, these impacts were concen-
trated among households with higher financial 
literacy (Gaurav, Cole, and Tobacman 2011).

Poorly integrated and uncompetitive 
markets limit adaptation options
Access to product and factor markets and to 
essential services can enhance climate resil-
ience directly and indirectly. Access to mar-
kets and services plays a critical role in eco-
nomic development and can facilitate climate 
resilience through increased productivity and 
higher income. The direct roles of markets 
and services in climate resilience are no less 
important. Better access to markets and ser-
vices can encourage investment in self-protec-
tion, such as technology adoption or migration. 
Better integrated markets also offer an insur-
ance mechanism by dissipating local shocks. 

Spatially and temporally integrated markets 
act as insurance by dissipating local shocks 
and flattening the climate damage function
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Migration networks act as conduits for 
information and protection at destinations

For instance, a harvest failure due to drought 
may not lead to rising prices in a local market 
that is well integrated with national markets. 
Problems related to market integration can 
be due to a lack of public investment in phys-
ical infrastructure or due to distortions in how 
markets function—for example, because of 
poor regulation.

On the effects of poor market integra-
tion, take Nigeria, where the climate damage 
function for farm households that live within 
5 kilometers of a road is flat (figure 3.7). This 
means that households with better mar-
ket access can smooth consumption and 
rebound from weather shocks quickly. The 
negative association between consumption 
and weather shock is significant for house-
holds that live 5 kilometers from a road. 
The difference in resilience between house-
holds close to and far from a road also arises 
because poorer households are forced to live 

in more vulnerable and less accessible areas, 
where housing is cheaper. These are often 
areas where households have less access 
to improved sources of drinking water and 
sanitation.

Poor transportation infrastructure prevents 
effective market integration
Lack of access to markets also limits adoption 
of climate-appropriate technology. Agricul-
tural adaptation to climate change requires 
adopting new techniques and investments 
and reallocating farmland according to evolv-
ing comparative advantage (Costinot, Donald-
son, and Smith 2016). Farmers need access 
to markets to buy inputs and sell their prod-
ucts before they can think about adopting cli-
mate-smart technology. Poor market access 
makes it difficult for producers to obtain the 
inputs and equipment they need. High trans-
portation costs and unreliable infrastructure 

	 FIGURE 3.7  Nigerian households with poor road access suffer more from unexpected droughts 
and excessive rainfall

95% con�dence 
interval
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Source: Shilpi and Berg 2024, using data from the Nigeria Living Standards Measurement Study Integrated Surveys on 
Agriculture, 2010/11, 2012/13, 2015/16, 2018/19.
Note: (n = 16,723 over the four waves of the survey. The dependent variable is the log of household consumption per 
capita. Controls include age, gender, and highest level of education of the household head; dependency ratio; numbers 
of adults working in agriculture and in wage work; average temperature; an indicator for urban location; dummy vari-
ables for the month of the interview; and fixed effects at the primary sampling unit level. Standard errors are clustered 
at the primary sampling unit level. The climate damage functions are estimated using restricted spline with three knots. 
The sample for “close” includes all households within 5 kilometers of a road, and the sample for “far” includes all house-
holds located 5 kilometers or more away from a road.



are the two main sources of poor market 
access. For instance, the effect of distance 
on prices of traded goods in Ethiopia and 
Nigeria is four to five times that in the United 
States (Atkin and Donaldson 2015). Direct 
trucking costs are much higher in Africa than 
in developed countries (Teravaninthorn and 
Raballand 2009). And median trade costs in 
Africa are about five times higher than every-
where else in the world (Porteous 2019).

High trading costs can deter adoption of 
new technology. In Tanzania, doubling trans-
port costs is associated with a 25 percent 
reduction in fertilizer adoption, whereas halv-
ing travel costs doubles adoption (Aggarwal et 
al. 2022). In Sierra Leone, price differentials are 
lower in markets that are closer to improved 
infrastructure (Casaburi, Glennerster, and 
Suri 2013). Overall, better access to markets 
increases adoption of new technology in agri-
culture (Berg et al. 2016; Damania et al. 2017).

Poorly integrated markets amplify local 
impacts of climate shocks
Spatially and temporally integrated markets 
act as insurance by dissipating local shocks 
and flattening the climate damage function. 
As the cost to trade with other locations falls 
and market segmentation declines, local 
prices respond less to local yields and more 
to yields elsewhere (box 3.3) (Allen and Atkin 
2022). With an integrated market, the local 
negative effect from a climate shock destroy-
ing crops is lower because people can 
access food at more affordable prices from 
less affected places. An isolated area badly 
hit by an extreme weather event would suffer 
greatly from food scarcity and hunger. With 
an integrated market, the burden is shared. 
More favorable regions will see prices rise 
somewhat, while less fortunate areas will 
benefit from lower prices.

In reality, product markets are often poorly 
integrated spatially or temporally. This is 
due to poor infrastructure and the high cost 

of gathering information on prices or on 
the availability of buyers and sellers in dis-
tant places. This is slowly changing with the 
growth in mobile phone adoption and use, 
even in Africa (Aker and Mbiti 2010). Though 
direct transmission of information to small-
holders by mobile phone is not always effec-
tive, mobile phone use by intermediaries 
increases trade flows, reduces price disper-
sion, and promotes market integration.3 In 
Kenya, information on prices and official bor-
der costs alters traders’ choices of markets 
and border crossings and affects local market 
prices (Wiseman 2023).

Limited market integration also prevents 
climate migration
When migration is costly, labor markets are 
also spatially isolated. This deprives house-
holds of another source of insurance. The 
negative relationship between extreme 
heat and agricultural yields has been well 
established (IPCC 2022). A negative pro-
ductivity shock from bad weather, such as 
extreme heat, depresses wages due to a 
drop in labor demand. This induces tempo-
rary or seasonal migration during droughts 
or precipitation shocks to areas with higher 
wages (Feng, Oppenheimer, and Schlenker 
2015; Raleigh, Jordan, and Salehyan 2008). 
In India, there is low permanent migration 
(Kone et al. 2018; Munshi and Rosenzweig 
2016) but high seasonal migration (Imbert 
and Papp 2020; Morten 2019). Similarly, in 
Bangladesh, there is high seasonal migration 
from rural areas to neighboring towns (Berg 
and Emran 2020). This temporary migration 
dissipates the adverse effects of local cli-
mate shocks.

Migration networks act as conduits for 
information and protection at destinations. 
Access to migrant networks enables migra-
tion in poor origin districts (Nawrotzki and 
DeWaard 2018). Youth in households with 
more connections outside their village are 99
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more likely to migrate (Marchetta et al. 
2021). In Tanzania, expensive migration to 
geographically and ethnically distant des-
tinations fell after droughts, while strong 
network ties offset the negative effects 
(Bocquier, Menashe-Oren, and Nie 2023).

Policies restricting market competition 
hinder climate adaptation
Another factor contributing to higher trading 
costs is the market power of traders. Remote 

areas with smaller markets are served by 
fewer traders, who can exert considerable 
market power.4 As a result, producers 
and consumers in remote places may not 
benefit from lower transport costs (Atkin 
and Donaldson 2015). Government policies 
sometimes restrict market competition, as in 
India (box 3.4), leaving farmers who are near 
less competitive markets unable to adapt to 
heat shocks in the short run.

Greater market integration allowed Indian farmers to reduce farming 
risk

Between 1970 and 2009, India witnessed three 
major developments:

•	 Increased use of irrigation and high-yield 
crop varieties, which raised mean yields and 
changed their variance.

•	 Policy-driven expansion of formal bank-
ing into rural areas, which helped farmers 
smooth income shocks, thereby acting as a 
form of insurance.

•	 Declining inter- and intra-national trade 
costs—in particular, the expansion of the 
Indian interstate highway system known as 
the Golden Quadrilateral and the North–
South and East–West Corridors, connecting 
Chennai, Kolkata, Mumbai, and New Delhi.1

Together, these changes led to trade liberal-
ization and falling trading costs. In an isolated 
market, a higher productivity shock (such as 
an increase in yield due to better rainfall) is 
associated with lower prices. The decline in 
trade costs also reduced this negative cor-
relation between local prices and productivity 
shocks. But it increased the responsiveness of 
local prices to yields elsewhere. As trade costs 

fell, farmers’ gross revenue volatility from the 
crop production increased (high risk, high 
return crops), while the volatility of their price 
index declined, and the volatility of real income 
rose.

Farmers responded to the decline in trade 
costs by trading gains on average yield for a 
drop in yield volatility through crop changes. 
They reallocated land toward crops for which 
they had higher productivity and away from 
riskier crops. Farmers also engaged in hedging 
and allocated more land to crops whose yields 
were less correlated with each other to guard 
against the increased risk due to falling trade 
costs. Better access to risk mitigation tech-
nologies (from the expansion of rural banking) 
amplified the gains from trade by encourag-
ing farmers to take advantage of higher risk, 
higher return crop allocation.

Note
1. Asturias et al. 2021; Datta 2012; Ghani, Goswami, and 
Kerr 2016.

Source: Based on Allen and Atkin 2022.

BOX 3.3



Competition among intermediaries greatly increases short-run 
adaptation to extreme heat

In India, each state has an agriculture produce 
market committee statute that regulates the 
first sale and purchase of agricultural commod-
ities. Two provisions in these laws facilitate the 
generation of market power exercised by inter-
mediaries.1 First, farmers are restricted to sell-
ing their produce at government-designated 
physical markets, known as mandis, in their 
state. Second, output can be sold only to 
government-licensed market-specific interme-
diaries. Having few other mandis nearby where 
farmers can sell reduces the competition for 
intermediaries.

To understand how competition affects the 
loss of agricultural yields from extreme heat 
exposure, the mandi-level competition mea-
sure—the inverse-distance weighted sum of 
the value of trade at all other markets in the 
same state—was aggregated at the district 
level to match district-level yields. A regression 
discontinuity identification scheme was then 
used to estimate whether competition mod-
erates the heat-yield relationship. The discon-
tinuity exploits the fact that the competition 
index varies across states (C versus D in figure 
B3.4.1) but is the same within the state (B ver-
sus D). The comparisons are among markets 
located within 25 kilometers of state borders. 
In extreme heat events, the difference in arriv-
als should not change for Pair 1, because both 
markets have the same competition and are 
equally affected, but should increase for Pair 2, 
because farmers in Market C can attenuate 
some impacts through higher competition and 
cannot sell to Market D.

Increased competition substantially 
mitigates the effect of extreme heat (figure 
B3.4.2). At no competition benchmark, each 
additional day of heat above 35°C reduces 
yields by 1.5 percent. With a one standard 
deviation increase in market competition, the 
decrease in yields is about 1.27 percent, thus 

enabling farmers to attenuate the impact of 
extreme heat by 15.3 percent. The difference is 
statistically significant (at the 5 percent level) 
for heat above 35°C.

Figure B3.4.1 Regression discontinuity 
design

Market B
Low 
competition

Market A
Low 

competition

Pair 1

Market D
Low 
competition

Market C
High 

competition

Pair 2
State
border

Source: Kochhar and Song 2024.

Figure B3.4.2 Competition reduces heat’s 
impact on yield reduction in India

–1.6

–1.2

–0.8

–0.4

0.0

> 3530–3525–30 15–20< 15

No competition

One standard
deviation of
competition

Temperature (degrees Celsius)

Change in yield with one additional day of exposure (percent)

Source: Kochhar and Song 2024.

Note
1. Chatterjee 2023.

Source: Based on Kochhar and Song 2024.

BOX 3.4
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	 SPOTLIGHT 3.1  Finance as a pathway to resilience

Access to credit and insurance can boost 
resilience directly by enabling individuals 
to invest in protective measures against cli-
mate shocks and to cope with them after they 
occur without undermining their prospects. 
Access can also boost resilience indirectly by 
making people wealthier. Having access to 
credit and insurance markets enables eco-
nomic agents to smooth consumption, build 
human capital, adopt climate-resistant tech-
nologies, and migrate.

By smoothing consumption
Access to finance increases the resilience 
of Nigerian farm households to both neg-
ative and positive precipitation shocks 
(figure S3.1.1).5 An analysis of the association 

between consumption and precipitation 
shock for the households finds that the same 
weather shock impacted those with a bank 
account considerably less than those without, 
even after economic status was controlled 
for. (Richer households are more likely to 
have bank accounts and to be able to smooth 
consumption even without bank accounts.) 
In Bangladesh, farmers who have access to 
emergency loans make less costly adaptation 
choices and are less severely affected when a 
flood occurs (Lane 2024).

Other sources of finance in addition to 
bank accounts—including access to remit-
tances, robust social networks, and nonfarm 
employment—also reduce the impact of cli-
mate shocks (Moore et al. 2019). In  Chile, 

	 FIGURE S3.1.1  Having a bank account reduces the sensitivity of household consumption to 
drought and excessive rainfall in Nigeria
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No bank account
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Source: Shilpi and Berg 2024, using data from Nigeria Living Standards Measurement Study Integrated Surveys on 
Agriculture, 2010/11, 2012/13, 2015/16, 2018/19.
Note: (n = 16,723 over four waves of the survey. The climate damage functions are estimated separately for households 
that have bank accounts and those that do not. The dependent variable is the log of household consumption per capita. 
Controls include age, gender, and highest level of education of the household head; dependency ratio; numbers of adults 
working in agriculture and in wage work; average temperature; an indicator for urban location; dummy variables for the 
month of the interview; and fixed effects at the primary sampling unit (psu) level. Standard errors are clustered at the 
psu level. The climate damage functions are estimated using restricted spline with three knots.



low-income women who were members 
of microfinance institutions that offered 
free savings accounts reduced their reli-
ance on debt and were better able to make 
ends meet during an economic emergency 
(Pomeranz and Kast 2023). Digital financial 
services, such as mobile money, let users 
store funds and transfer them quickly and 
affordably across long distances, leading 
to higher remittances, consumption, and 
investments. In Kenya, mobile money users 
who experienced an unexpected drop in 
income were able to receive money from a 
geographically dispersed social network of 
family and friends who were not affected by 
the shock and so did not have to reduce their 
household spending (Jack and Suri 2014). 
In Bangladesh, very poor rural households 
with family members who had migrated to 
the city for work received higher remittance 
payments when they had a mobile money 
account and so spent more on food and 
other items, borrowed less, and were less 
likely to experience extreme poverty (Lee 
et al. 2023).

Insurance can also smooth consump-
tion, limit the adverse effects of shocks on 
income, increase subjective well-being, and 
avoid having to resort to welfare-reducing 
coping mechanisms. But the benefits depend 
on a household’s exposure to catastrophic 
losses (Gollier, Mahul, and Pelletier 2023). 
For households exposed to catastrophic 
losses (for example, when the maximum loss 
is a very high share of their annual income), 
access to insurance greatly increases wel-
fare (up to three times initial welfare). But 
for households exposed to less severe losses 
(for example, when the maximum loss is 
just a small fraction of their annual income), 
the added value of insurance is low, while 
access to financial services for self-protection 

(savings and credit) improves welfare by 
increasing average consumption and sharply 
decreasing consumption volatility.

By promoting human capital formation
Access to finance helps households avoid the 
negative effects of climate shocks by enabling 
them to invest in measures that protect their 
nutrition, health, mortality, and human capital 
accumulation (Gollier, Mahul, and Pelletier 
2023; Cramer 2021; de Janvry et al. 2006; 
Dumas 2020; Foster 1995; Jacoby and Skou-
fias 1997). Temperatures above or below 
70°  F (21°  C) make learning more difficult. 
A global study of 5,000 15-year-old students 
in 214 countries between 2000 and 2015 
found a substantially smaller impact of hot 
days on learning in countries that had faster 
credit access expansion (figure S3.1.2) (Park, 
Pankratz, and Behrer 2023). The effect was 
concentrated in less wealthy countries.

Causal evidence from India also confirms 
the relationship between learning on hot 
days and access to credit. In 2008, India 
announced the largest household borrower 
bailout in history. The program provided 
unconditional debt relief for more than 40 
million households that were in default and 
whose loans were collateralized by less than 
2 hectares of land. After the bailout, banks 
were more hesitant to lend in areas that had 
received loan forgiveness, so credit availabil-
ity grew more slowly in districts with higher 
bailout exposure (Giné and Kanz 2018). In 
the subsequent period (2010–14), math and 
reading test scores were significantly lower 
during periods of high temperatures for chil-
dren in districts with above-average bailout 
exposure (figure S3.1.3) but not for children 
in districts with below-average bailout expo-
sure and faster growing credit availability.
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	 FIGURE S3.1.3  Math test scores on hot days are lower in districts with slower expansion of 
bank credit
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Association between hot days (> 21°C) and students’ test scores
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ReadingMath

Source: Normalized test score data are from the 2007–14 India Annual Status of Education Report, which uses 
a repeated cross-section of respondents and is representative at the district level. For more info see ASER, https://
asercentre.org/. Weather data (including temperature, humidity, and rainfall) are from Garg, Jagnani, and Taraz 2020. 
Information on borrower bailout exposure is from Giné and Kanz 2018.
Note: Estimated coefficients are from a regression of normalized test scores on high and low temperature bins (less 
than 15° C and above 21° C), controlling for rainfall, humidity, and fixed effect for the year and child’s age. The regression 
is estimated separately for high- and low-bailout exposure districts. Estimated coefficients on the high temperature 
dummy variable are shown for the high- and low-bailout areas with a 90 percent confidence interval.

	 FIGURE S3.1.2  Hot days are less damaging to learning in countries with better access to credit
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Source: Policy Research Report team analysis of data from Park, Behrer, and Goodman 2021.
Note: The blue line and the blue confidence interval are the original estimates from Park et al. (2021). The red line and 
pink confidence interval show the impacts in countries with credit expansion that was one standard deviation faster 
than the average in the sample. Test scores are from the Program for International Student Assessment (PISA).
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By enabling the use of climate 
resistant technology

Farmers
Farmers’ investments in self-protection, such 
as drought-resistant crop varieties and irri-
gation equipment, can be constrained by 
a lack of access to finance and insurance. 
These investments are often lumpy and 
require upfront financing. Weather uncer-
tainty introduces an additional layer of con-
cern by making the expected returns from 
self-protection investment ambiguous. An 
extensive literature documents how allevi-
ating credit constraints increases the use of 
modern agricultural technology in developing 
countries.6 However, the overall impacts are 
context specific and generally not very large. 
Access to cheap or free index insurance has 
significant positive effects on the adoption of 
modern technologies, though not in all situ-
ations (Ahmed, McIntosh, and Sarris 2020; 
Elabed and Carter 2018; Karlan et al. 2014). 
Overall, index insurance increases productive 
investment by 0.06–0.12 standard deviation 
(Castaing and Gazeaud 2025). Insurance 
products that partially indemnify farmers 
against low crop prices also encourage the 
use of modern inputs (Karlan et al. 2014).

Firms
Access to credit and insurance makes it eas-
ier for firms to invest in self-protection mea-
sures, such as adopting technologies to pro-
tect workers and climate-proofing factories 
to protect physical assets. Small and medium 
firms have less access to external finance and 
face higher transaction costs and higher risk 
premiums than large firms because of their 
unstable revenue, weaker financial structure, 
and lack of collateral.

Though direct evidence of the role of 
access to credit and insurance in the cli-
mate resilience of firms is not available, 

associations have been found across coun-
tries between temperature variability and 
firm sales for firms of various sizes (figure 
S3.1.4). High temperature variability is associ-
ated with significantly lower sales for medium 
firms (20–99 employees) in both low- and 
high-income countries. In low-income coun-
tries, temperature variability is also negatively 
associated with sales for small firms (fewer 
than 20 employees), but the effect is less 
severe than for medium firms. One reason 
for the weaker association is that small firms 
may not survive a climate shock. There is evi-
dence of higher exit rates among small firms 
than among medium firms in response to cli-
mate shocks (Pelli et al. 2023).

By facilitating migration
Lack of finance constrains climate-driven 
migration. In Tanzania, a 1 percent reduc-
tion in agricultural income induced by 
weather shocks increased the probability 
of migration by 13 percent within one year 
for an average household (Kubik and Mau-
rel 2016). That this effect is significant 
only for households in the middle of the 
wealth distribution suggests that migra-
tion as an adaptation strategy depends on 
initial endowment. Climate shocks lead to 
increased migration in wealthy origin areas 
and decreased migration in poor origin 
areas (Jha et al. 2018).

Extreme financial constraints can reverse 
the effect of drought’s impacts on migra-
tion,  reducing rather than increasing 
migration. Higher temperatures increase 
migration to urban areas and to other coun-
tries from middle-income economies but 
reduce it from poor countries (Cattaneo 
and Peri 2016). In several African countries, 
drought exposure lowers long-run migration 
from rural to urban areas because individuals 
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dependent on agricultural income face finan-
cial constraints, making migration unaf-
fordable (Bocquier, Menashe-Oren, and Nie 
2023; Defrance et al. 2023; Marchetta et al. 
2021). Rapid-onset events, such as floods 
and cyclones, deplete resources quickly 
and result in weak migration responses. Wet 
growing seasons—with their positive effect 
on agricultural income—are associated with 
higher migration. Climate shocks lead to 
increased migration in wealthy origin dis-
tricts and decreased migration in poor origin 
districts (Jha et al. 2018).

Household assets play a dual role in 
migration response. By relaxing financing 

constraints, assets can increase the probabil-
ity of migration in response to climate shocks, 
although the response can depend on the 
assets being portable. Portable assets, such as 
education, improve the probability of securing 
jobs in the destination location and thus boost 
migration, whereas nonportable assets, such 
as land, tie even members of richer house-
holds to their current location. Gender and 
age play a role as well. Both men and women 
migrate in response to temperature shocks, 
but men move longer distances (Mueller, Gray, 
and Kosec 2014), and older, more educated 
male farmers who do not have their own land 
are more likely to migrate (Jha et al. 2018).

	 FIGURE S3.1.4  Higher temperature variability in developing countries reduces sales for medium 
firms more than for small firms
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Source: Policy Research Report team analysis of data from World Bank Enterprise Surveys between 2010 and 2023 
covering 135 countries.
Note: Temperature variability is measured by the coefficient of variation, which is the standard deviation of temperature 
in a year divided by the mean temperature in the same year. The dependent variable is the log of revenues, and controls 
include the coefficient of variation, the number of days above 35°C in a given year, and country-by–survey round fixed 
effects. The estimated coefficients plotted in the figure show the association between a 1 unit increase in the coefficient 
of variation and sales revenue. All standard errors are clustered at the level of Enterprise Survey strata. Low-income 
countries are those classified as low income and lower-middle income, and high-income countries are those classified 
as upper-middle income and high income by the World Bank. Small firms have fewer than 20 employees, medium firms 
have 20–99 employees, and large firms have more than 99 employees. For more detail, see Lang et al. (2024).
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When Policy Undermines 
Resilience 4  
How policy failures limit adaptation
Governments have a compelling role in 
reducing and preventing the impacts of climate-
related events. Their actions should increase 
resilience where individuals are unable to do 
so and market solutions are not feasible. And 
when done right, their policies can and do 
promote resilience. But more visible policy 
actions are more politically rewarding, tilting 
toward risk reduction in large infrastructure 
projects and toward relief when disasters 
strike. And governments frequently choose 
policy instruments with unintended, resilience-
reducing consequences. They distort incentives 
for individuals and markets, sometimes through 
overly restrictive regulations and investments 
and sometimes through inaction. Transfers 
and subsidies—ostensibly well intended to 
support short-term resilience—end up creating 
moral hazards and inviting dangers in the long 
term. Subsidies and regulations can also lock 
people into climate-vulnerable products, 
activities, and places. So, policies can produce 
short-term gains but compromise long-term 
resilience.

Climate uncertainty can induce 
policy makers to invest heavily in 
resilience building
In popular views and most economic model-
ing, policy makers are often treated as ratio-
nal and risk neutral actors. An experimental 
survey among high-level policy negotiators at 
the 2015 United Nations Climate Change Con-
ference found that, like other people, policy 

makers are also averse to ambiguity (box 4.1). 
And considering the effect of ambiguity aver-
sion on demand for resilience tools, its exis-
tence among policy makers is good news for 
resilience policies: policy makers will strongly 
favor policies that tackle climate change, 
including resilience. Indeed, the greater the 
ambiguity aversion among policy makers, the 
greater the public investment in resilience 
building (box 4.2). But there is a trade-off. The 
higher investment in climate resilience can 
come at the expense of other productive pub-
lic investments (such as in human capital).

Ambiguity aversion and political short-
termism tilt resilience policies toward 
visible actions
Policy makers and national leaders are not 
only ambiguity averse but also have a short 
perspective on what they can gain during 
their time in power. In the United States, 
voters rewarded officials for attracting relief 
after disasters but not for preparing for them 
(Healy and Malhotra 2009). In India, voters 
reward incumbents for relief when they per-
ceive losses to be from bad luck rather than 
government neglect (Cole, Healy, and Werker 
2008).

Nearly half of all US Federal Emergency 
Management Agency disaster relief payments 
are motivated by politics rather than need 
(Garrett and Sobel 2003; World Bank 2010). 
A prerequisite for federal aid is a presidential 
disaster declaration, which is more frequent 
during election cycles but less so when the 
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crisis is overshadowed in the media, as during 
the Olympic Games (Eisensee and Strömberg 
2007; Leeson and Sobel 2008; World Bank 
2010). Experimental evidence also suggests 
that people prefer risk reduction over insurance 
(Spence, Poortinga, and Pidgeon 2012). The 
combination of ambiguity aversion, political 
visibility, and preference for risk reduction can 
explain why climate resilience policies are often 
tilted toward highly visible subsidies, disaster 
relief, and protective infrastructure. Subsidies 
and disaster relief get top priority, followed by 
investment in protective infrastructure. Poli-
cies that can support development of privately 
provided resilience tools, such as regulatory 
reforms, receive much less prominence.

What good policy can do for  
resilience
A 2019 report by the Global Commission 
on Adaptation estimated net benefits from 
investment in different resilience activities 
(Global Commission on Adaptation 2019). 
The overall rate of return on investments in 
improved resilience is very high (4:1), with 
benefit-cost ratios ranging from 2:1 to 10:1 — 
and in some cases even higher. Such high 
returns justify focusing on these collective 
action problems. When these policies are 
implemented effectively, they can promote 
resilience.

Policy makers are also averse to uncertainty and ambiguity!

Policy makers represent the broader interests 
of their constituents, so their behavioral 
traits and preferences should not matter. 
But in practice, their preferences may affect 
policy choices and, therefore, may have an 
impact on entire social groups.1 A study ran 
an experiment at the 2015 United Nations 
Climate Change Conference with a unique 
sample of 80 policy makers directly involved in 
climate negotiations, most of whom were elite 
bureaucrats with substantial influence over 
what their governments agree to in international 
negotiations.2 They sit at the negotiation table 
and have substantial autonomy, as well as 
formal or informal permissions.

Three main findings emerged from the 
analysis: policy makers are generally ambiguity 
averse; this attitude is not necessarily associated 
with cognitive bias, such as their inability to deal 
with compound lotteries; and policy makers’ 
country of origin and quantitative sophistication 

significantly affect how they deal with 
compound lotteries but not their attitude 
toward ambiguity. These results suggest that 
policy makers are ambiguity averse for a reason 
that is not necessarily related to irrational 
cautiousness. Policy makers’ ambiguity aversion 
is a boost for climate policies: they will favor 
policies that tackle climate change urgently.3 
For example, taking ambiguity attitudes into 
account would lead to larger reductions in 
greenhouse gas emissions when the probability 
distribution of important climate parameters
—such as climate sensitivity—is unknown4 or 
when experts disagree about the probability of 
a potential climate catastrophe.5

Notes
1. Hafner-Burton et al. 2015.
2. Berger and Bosetti 2020.
3. Chambers and Melkonyan 2017.
4. Millner Dietz, and Heal 2013.
5. Berger, Emmerling, and Tavoni 2017.

BOX 4.1

The economic return of early-warning 
systems is estimated to be very high, with 
an average benefit-cost ratio of 9:1



Early-warning systems save lives and 
limit storm damage
Early-warning systems enable individuals to 
receive accurate information about impend-
ing storms, hurricanes, and cyclones and 
take appropriate actions (de Perez et al. 
2022). Early warnings are effective and cost-
effective: spending $800  million on early 
warning in developing countries could prevent 
$3–$16 billion in losses a year (WMO 2023). 

Twenty-four-hour notice can reduce the dam-
age from a hazardous event by 30 percent.

Early-warning systems include hazard 
monitoring, forecasting and prediction, disas-
ter risk assessment, communication, and 
preparedness activities of individuals, com-
munities, businesses, and governments. They 
are seen as an effective climate risk manage-
ment tool that saves lives and reduces dam-
ages while providing social, economic, and 

Ambiguity aversion boosts investment in climate change

A recent paper modeled the ambiguity aver-
sion of a policy maker and social planner con-
templating research and development (R&D) 
investment in green technology.1 There are 
four sources of uncertainty for the social plan-
ner: the carbon–climate dynamic that maps 
carbon emissions to temperature changes, 
the climate damage function that captures 
reductions in output because of  changes in 
atmospheric temperature, the technological 
innovation that results from R&D investment 
in green technology, and the macroeco-
nomic uncertainty regarding the productivity 
of investment. A priori, the influence of deep 
uncertainty on R&D investment in green 
technology is unclear. When clean technol-
ogy will fully replace fossil fuels is unknown, 
making investment less attractive, but the 
rewards to an R&D success are greater, mak-
ing investment more attractive. The model 
computed the equilibrium investment in R&D 
for different levels of ambiguity aversion by 
the social planner (figure B4.2.1). The equi-
librium investment paths confirm that the 
greater the ambiguity aversion, the greater 
the R&D investment in green technology. This 
result applies equally to investment in climate 
resilience.

Figure B4.2.1 Simulated expected pathway 
of research and development investment 
as a share of gross domestic product

0 5 10 15 20 25 30

More aversion

Less aversion

Neutrality

Percent of GDP

0

1

2

3

4

5

Years

Source: Barnett et al. 2024.
Note: The figure compares the outcomes of research and 
development investment for three values of the ambigu-
ity aversion parameter: more aversion, less aversion, and 
neutrality. The trajectories are simulated under the base-
line transition dynamics averaging over Brownian and 
jump shocks.

Note
1. Barnett et al. 2024.

Source: Based on Barnett et al. 2024.

BOX 4.2

Social protection relaxes the finance 
constraints of the poorest households and 

helps them respond to natural disasters
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environmental benefits (Global Commission 
on Adaptation 2019). The economic return of 
early-warning systems is estimated to be very 
high, with an average benefit-cost ratio of 9:1.1

Social protection can attenuate climate 
damage
Social protection relaxes the finance con-
straints of the poorest households and helps 
them respond to natural disasters. Broadly 
speaking, social protection schemes come in 
the form of four types of cash transfers:

•	 Regular transfers provide a steady source 
of income even when natural disasters hit 
and help protect consumption and assets.2 
To the extent that they increase savings, 
they build household assets, which allows 
them to better cope when a shock hits.

•	 Responsive transfers are provided to poor 
and vulnerable people who are affected 
by a crisis, in its aftermath, to help speed 
recovery and avoid short- and long-term 
increases in negative coping strategies that 
lead to higher poverty.3 These transfers may 
increase the number of people covered or 
the size of regular beneficiaries’ transfers.

•	 Anticipatory transfers provide cash before 
an anticipated shock, such as a flood, and 
thus provide beneficiaries with the finan-
cial resources to make the choices needed 
to protect their lives and livelihoods.4 These 
transfers are usually provided to new 
beneficiaries.

•	 Adaptive transfers integrate the above 
types of cash transfers with dedicated 
support to poor households to build their 
assets and diversify their income so that 
they are less vulnerable to climate (World 
Bank n.d.).

The additional income offsets household 
income and asset losses (Bowen et al. 2020). 
Social protection programs have also been 

shown in some cases to increase household 
savings and in other cases to increase pro-
tective investment that reduces the impact 
of climate shocks on income or assets (often 
because of the conditions for receiving the 
transfers).

The effectiveness of social protection 
schemes to enhance resilience depends on 
their design and, critically, their reach. One 
example of the potential and limits of social 
protection is the adaptative social protection 
scheme in the Karonga District in Malawi. 
The change in the poverty gap5 in the dis-
trict due to varying rainfall conditions can be 
estimated using measures of the impact of 
rainfall on household consumption (orange 
lines in figure 4.1, which orders the years from 
good rainfall on the left to bad rainfall on the 
right).6 A social protection program provides 
transfers to beneficiaries in this district. When 
rainfall drops below a pre-agreed level, $25 
is delivered to these beneficiaries for three 
months to help them smooth consumption. 
Adding this amount to estimated consump-
tion shows how the transfer can eliminate the 
increase in the poverty gap for beneficiaries 
(blue line in figure 4.1a). However, though the 
impact of the scheme is powerful for benefi-
ciaries, the overall impact on Karonga is lim-
ited because many households are not bene-
ficiaries of the program (figure 4.1b), which is 
constrained given available resources, leaving 
many poor households uncovered.

Incentives that work—
and those that don’t
Public policies and institutions shape the 
environment in which individuals make deci-
sions to prepare and protect themselves from 
climate shocks. As in any other policy area, 
governments can use price instruments, make 
investments, or issue laws and binding rules to 

Governments frequently choose 
specific policies that have unintended, 
resilience‑reducing consequences



	 FIGURE 4.1  Adaptive social protection in the Karonga district of Malawi helps beneficiaries 
protect consumption, but program coverage is limited

–6

–3

0

3

6

–0.8

-0.4

0.0

0.4

0.8
b. All householdsa. Bene�ciary households only

Change in poverty gap (2011 purchasing power parity US$, millions)

With transfer

Without transfer With transferWithout transfer

Bad rainfallGood rainfallBad rainfallGood rainfall

Source: Gascoigne et al. 2024.
Note: The orange lines in the figure panels show the impact of rainfall on household consumption, ordered from good 
rainfall years on the left toward bad rainfall years on the right. The blue lines show how transfer in bad rainfall years can 
eliminate the increase in the poverty gap for beneficiaries.

influence household, farmer, or firm decision-
making. In other words, they can invest, regu-
late, or transfer money to incentivize resilient 
behavior. Frequently, however, governments 
choose specific policies that have unintended, 
resilience-reducing consequences.

Consider the location decisions by house-
holds and firms. Regulations that restrict 
housing supply in climate-safe neighbor-
hoods will shift the supply curve to the left 
(figure 4.2), raising housing prices and forcing 
poor people to move into climate-vulnerable 
areas. And subsidies provided to homeown-
ers (say, for insurance) can shift demand to 
the right, leading to even higher prices.

Property rights and land market 
regulations distort incentives for 
resilience actions
Government failure to secure property rights 
can severely compromise resilience. Secured 

	 FIGURE 4.2  Badly designed policies drive up 
the price of resilience tools

Price

Quantity

Without
government
intervention

S

D D′

S′

With government
interventions in 
demand and 
supply sides

Source: Policy Research Report team.
Note: The figure shows that regulations that restrict 
housing supply (S) in climate-safe neighborhoods shift 
the supply curve to the left, raising housing prices and 
forcing poor people to move into climate-vulnerable 
areas. Household subsidies shift demand (D) to the right, 
leading to even higher prices.

Government failure to secure property 
rights can severely compromise resilience
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properties can unlock access to credit, which 
has an important role in flattening climate 
damage functions. More important, secured 
property and tenure rights influence people’s 
investment decisions. Investment in self-
protection measures—such as weatherproof-
ing homes, adopting drought-resistant seeds, 
migrating, or improving natural resources 
management—is made well ahead of reap-
ing the returns of these actions. People have 
little or no incentive to make these irrevers-
ible investments without secure, long-term 
property rights. Though direct evidence of 
property rights moderating climate resil-
ience remains scant, their role in investment 
decisions is well documented. In Peru, distri-
bution of land titles in 1996 was associated 
with a 68  percent increase in housing reno-
vation within four years (Field 2005; World 
Bank 2010). Stronger tenure security leads to 
greater investment in land improvement.7

Secure property rights  provide the foun-
dation for farmers to adopt technology. 
They empower farmers to invest, improve 

efficiency, and contribute to sustainable agri-
cultural practices. Insecure property rights 
in Ghana are responsible for suboptimal fal-
lowing length, resulting in much lower crop 
production (Goldstein and Udry 2008). Land 
tenure security increases agricultural invest-
ment, boosts soil conservation, and reduces 
forest loss because farmers are more invested 
in their existing land and have less need to 
clear new land.8 The positive effects of secure 
property rights are greater for women, who 
tend to have low tenure rights to begin with.

Property rights and their enforcement 
influence migration decision as well. A work-
ing and efficient land market is needed for 
migration to become a robust resilience strat-
egy. Migrants should be able to sell their land 
at their origin and buy at their destination. 
Insecure property rights prevent efficient 
markets by forcing people to stay behind 
to keep possession of their land due to land 
sales restrictions and eviction threats from 
government or private groups. To avoid los-
ing their most valuable assets, men in China 

	 MAP 4.1  Tenure insecurity is high in poorer countries

IBRD 48658  |
FEBRUARY 2025

TENURE INSECURITY (%)

0–10
11–20
21–30
31–40
Greater than 40

Source: Prindex global dataset, https://www.prindex.net/data/, based on surveys conducted during 2018–20.
Note: The light gray areas indicate territories for which data are lacking or insufficient.

Strict zoning and building regulations 
discourage private investment in affordable 
housing in safe areas, forcing poor people 
into informal slums in urban areas

https://www.prindex.net/data/


and Sri  Lanka migrate, while women stay 
back, leaving them more vulnerable to cli-
mate shocks (Emran and Shilpi 2017).

Some 70 percent of global land lacks secure 
tenure (map 4.1). This leaves households at 
risk of eviction and unable to benefit from 
their property, whether by selling it, using it as 
collateral to access a loan, or improving their 
housing situation. In Madhya Pradesh, India, 
slum dwellers with a land title spent about 
twice as much on home maintenance and 
upgrading housing quality as other slum dwell-
ers (Lall, Suri, and Deichmann 2006). Prop-
erty rights are also associated with greater 
community participation (Lall, Shalizi and 
Deichmann 2004; Lanjouw and Levy 2002). 
So, community-based strategies for reducing 
hazard risk may be more likely to succeed in 
neighborhoods with high tenure security.

Land-use regulations expose 
economically vulnerable people to 
climate shocks
When land markets work, the price gradi-
ent for properties should reflect climate vul-
nerability. Property will be cheaper in riskier 
areas (Lall and Deichmann 2009; World Bank 
2010). Land and housing prices are higher, for 
instance, in less flood-prone areas. Because 
poor people can afford only cheaper land and 
housing, they are sorted into areas vulnerable 
to natural disasters. Zoning regulations exac-
erbate this sorting. Strict zoning and building 
regulations discourage private investment in 
affordable housing in safe areas, forcing poor 
people into informal slums in urban areas.

Nearly 1  billion people worldwide live in 
slums and informal settlements, where they 
lack security of tenure and live in substan-
dard housing with poor or missing infrastruc-
ture for water, sanitation, and stormwater 
drainage. From Dharavi, in Mumbai, India, to 
Orangi Town, in Karachi, Pakistan, many of 

these slums are in the most vulnerable areas. 
In Dhaka, slums are located in the areas most 
at risk of flooding (map 4.2). In Bogota, poor 
people are sorted into high-density, low-rent 
properties in locations with twice the risk of 
earthquake damage as the locations where 
rich households are located (Lall and Deich-
mann 2009).

Lack of land-use planning, zoning restric-
tions, and restrictions on floor to area ratios 
also constrain housing supply, forcing eco-
nomically vulnerable populations to settle 
in climate-vulnerable areas. Construction in 
flood-prone areas can be barred through such 
restrictions but could be difficult to enforce 
in developing countries. And even developed 
countries such as the United States have 
fallen behind in this effort, with residential 
and business areas that are exposed to hurri-
canes, floods, and wildfires receiving repeated 
federal assistance to rebuild (Frank, Gesick, 
and Victor 2021). Desire to be physically inte-
grated in the urban labor market is another 
major reason that poor households live in 
slums and informal settlements. Evidence 
from Pune, India, shows that poor house-
holds prefer to live close to their workplace 
in centrally located slums rather than in bet-
ter quality housing in a city’s outskirts (Lall, 
Lundberg, and Shalizi 2008).

Governments typically do not extend infra-
structure and services to informal or illegally 
developed settlements, compounding the 
problem of weak property rights. Without 
public or private investment in shelter and 
infrastructure, slums and informal settle-
ments remain overcrowded, at high risk of 
disease contagion, and vulnerable to climate 
change impacts. The adverse impacts of 
climate shocks are greatly amplified by the 
disease burden resulting from inadequate 
access to sources of safe drinking water and 
improved sanitation.

Without public or private investment 
in shelter and infrastructure, informal 
settlements remain overcrowded and 
vulnerable to climate change impacts
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Weather index insurance can have 
perverse impacts on climate change 
adaptation, so policies must be 
tailored to minimize these effects

	 MAP 4.2  In Dhaka, interventions to reduce flood damage can push up housing prices and displace 
poor people to areas most at risk of flooding

Source: Data on informal settlements are from World Bank Data Catalog informal settlements maps (ESA EO4SD-​
Urban), https://datacatalog.worldbank.org/search/dataset​/0041703/Dhaka--Bangladesh----Informal-Settlements​
--ESA-EO4SD-Urban-. Data on flood extent are from World Bank Data Catalog flood maps (ESA EO4SD-Urban), 
https://datacatalog.worldbank.org/search/dataset/0042071/Dhaka--Bangladesh----Flood​-Maps--ESA-EO4SD-
Urban-. Data on roads are from World Bank Data Catalog transport network maps (ESA EO4SD-Urban), https://​
datacatalog.worldbank.org/search/dataset/0042062/Dhaka--Bangladesh----Transport-Network--ESA-EO4SD-Urban-.
Note: Flood extent refers to flooding in 2004, 2007, 2012, or 2016.
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https://datacatalog.worldbank.org/search/dataset/0042071/Dhaka--Bangladesh----Flood-Maps--ESA-EO4SD-Urban-
https://datacatalog.worldbank.org/search/dataset/0042062/Dhaka--Bangladesh----Transport-Network--ESA-EO4SD-Urban-
https://datacatalog.worldbank.org/search/dataset/0042062/Dhaka--Bangladesh----Transport-Network--ESA-EO4SD-Urban-


The risk of flooding is higher in cities in 
developing countries due to insufficient 
maintenance of drainage systems. In South 
Asia, drainage ditches are often used as gar-
bage dumps, because regular refuse col-
lection is insufficient. This reduces their 
capacity to transport monsoon runoff from 
settlements. Mumbai spends about 1  billion 
rupees ($25  million) a year on preparing for 
monsoon rains. Yet it regularly experiences 
death and destruction during monsoon sea-
son. Unchecked urban development that 
leaves too little porous green space further 
increases runoff and flood risk.

The hidden costs of 
subsidies and bailouts
In many countries, public investment and 
subsidies shield individuals, firms, and local 
governments from the downsides created by 
their decisions—for example, where to set-
tle or what insurance coverage to buy. These 
policies are often necessary to reduce climate 
risks and prepare for climate shocks, and they 
offer protection when shocks occur. But when 
used indiscriminately and repeatedly, the pol-
icies create a moral hazard: individuals mak-
ing risky decisions with the expectation of a 
bailout. The possibility of compensation from 
the government in the face of losses blunts 
market forces that are normally powerful 
arbiters of risk. Worse, where these policies 
amplify danger, the effect is likely to be even 
more severe due to the impacts of climate 
change (Frank, Gesick, and Victor 2021).

Three common instruments—insurance sub-
sidies, infrastructure investment, and social 
protection—if poorly designed, all risk under-
mining the development of markets and climate 
resilience. They may cause farmers to get stuck 
cultivating the wrong crops, households and 
firms to settle in vulnerable areas, and potential 
migrants from vulnerable areas to stay put.

Subsidized insurance can lock 
households, farms, and firms into 
climate-vulnerable products
Weather index insurance can have perverse 
impacts on climate change adaptation, 
so policies must be tailored to minimize 
these effects. If insurance products are not 
carefully designed to induce adoption of 
climate-smart technology, heavily subsi-
dized premiums can distort price signals 
and create disincentives to adopting more 
resilient products or technology. They could 
ultimately increase vulnerability (Collier 
et  al. 2009). When insurance is subsidized, 
farmers purchase it more often, but it also 
encourages them to invest in riskier crops or 
methods (Giné 2024). Subsidized insurance 
can encourage moral hazards, as observed 
in federally subsidized crop insurance in the 
United States (Annan and Schlenker 2015). 
US farmers do not engage in the optimal 
protection against harmful extreme heat 
since the insurance program covers crop 
losses caused by droughts.

The goal of adaptation is to switch pro-
duction methods toward strategies to 
reduce farmers’ exposure to weather risks 
and increase their climate resilience. But 
insurance can make it attractive for farm-
ers to plant certain crops or varieties that 
involve higher expected returns in addition to 
greater risk exposure (box 4.3). For instance, 
farmers in Africa (Ghana, Mozambique, and 
Tanzania) who took up subsidized insur-
ance cultivated crops that were more sensi-
tive to weather (maize, cotton, tobacco) but 
more profitable than staple crops (sorghum) 
(Boucher et al. 2024; Karlan et al. 2014). And 
farmers in Andhra Pradesh, India, who took 
up insurance were 6 percentage points more 
likely to plant weather-sensitive cash crops 
than the comparison group (45  percent) 
(Giné 2024).
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Like subsidies and bailouts, social protection 
programs that are designed with only short-
term benefits in mind can prevent migration 
away from climate-vulnerable areas

India’s heavily subsidized insurance programs benefit the rich and 
risky areas most

India’s Pradhan Mantri Fasal Bima Yojana insur-
ance program caps farmers’ contribution to 
the premium at 2 percent during kharif (fall) 
sowing, 1.5 percent during rabi (winter) sow-
ing, and 5 percent for annual commercial 
crops. The cost of the difference between the 
actuarial premium rates and the farmers’ rates 
is shared equally between the central and 
state governments. On average, the subsidy 
amounts to nearly 80 percent of the premium.

The indemnity insurance under the pro-
gram leads to the familiar adverse selection 
and moral hazard problems. Farmers in less 

risky areas are more likely to opt out of the 
insurance product. Farmers in riskier areas 
may insure the same plot multiple times. The 
flat (subsidized) farmer premium encourages 
insurance and production in states and for 
crops that are very risky. Of the three riskiest 
states (Madhya Pradesh, Maharashtra, and 
Rajasthan), two account for half of claims. The 
subsidies are skewed toward districts with 
riskier growing conditions. And enrollment is 
lower in poorer districts (figure B4.3.1), while 
subsidies are larger in richer districts (figure 
B4.3.2).

BOX 4.3

Figure B4.3.1 Enrollment in India’s Pradhan 
Mantri Fasal Bima Yojana insurance 
program is lower in poorer districts

10987654321

Acres enrolled per rural land area

0.00

0.02

0.04

0.06

0.08

Deciles of district poverty rates from
least (1) to most (10) poor

Source: Data on enrollment are from administrative data 
from the Pradhan Mantri Fasal Bima Yojana program, 
https://www.data.gov.in/. Data on poverty rates are from 
the 2011 National Sample Survey.
Note: Enrollment data cover Maharashtra, Odisha, and 
Uttar Pradesh for kharif 2017 and Gujarat for kharif 2016. 
Districts with an urban population share of more than 65 
percent are excluded, leaving 150 districts across the four 
states.

Figure B4.3.2 Subsidies in India’s Pradhan 
Mantri Fasal Bima Yojana insurance 
program are larger in richer districts

10987654321

Subsidy per rupee of liability

Deciles of district poverty rates from
least (1) to most (10) poor

0.00
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0.10

0.15

Source: Data on enrollment are from administrative data 
from the Pradhan Mantri Fasal Bima Yojana program. Data 
on poverty rates are from the 2011 National Sample Sur-
vey, https://catalog.ihsn.org/index.php/catalog/3281.
Note: Data cover Maharashtra, Odisha, and Uttar Pradesh 
for kharif 2017 and Gujarat for kharif 2016. Districts with 
an urban population share of more than 65 percent are 
excluded, leaving 150 districts across the four states.

https://www.data.gov.in/


Subsidies and bailouts encourage 
settlements in highly climate-
vulnerable areas
Protective infrastructure, subsidized insur-
ance, and generous bailouts invite individu-
als and firms to settle in areas that are highly 
vulnerable to climate change. The risk of 
damage from climate shocks can be reduced 
by investing in protective infrastructure. For 
instance, cities that are along the coastline 
construct seawalls to protect against storm 
surges and sea level rise. In Indonesia, the city 
of Jakarta experiences frequent flooding and 
extensive damages. Seawalls built there in the 
past encouraged dense buildup in protected 
areas. An ex ante evaluation of a proposed 
seawall construction project in Jakarta finds 
that it would create a moral hazard where 
residents and builders concentrate in areas 
near the seawall and make it highly likely that 
future bailout will be necessary (Hsiao 2023). 
This would delay inland migration and be dou-
bly costly for the country: cost of construc-
tion plus the welfare loss.

Frequent bailouts also discourage property 
owners from undertaking adaptive actions. 
In the United States, the Federal Emergency 
Management Agency steps in with assistance 
when natural disasters strike. The expectation 
of government emergency support after  a 
disaster creates little incentive to invest in 
market insurance policies or physical upgrad-
ing. Subsidies for home insurance programs 
can also trap people in high-risk areas, par-
ticularly when they are not portable. The US 

Congress created the National Flood Insur-
ance Program in 1968 to provide flood insur-
ance to property owners, renters, and busi-
nesses to speed recovery. While homeowners 
may prefer to relocate after a flood, which 
would save taxpayers money, the program 
design does little to incentivize that outcome. 
Payouts are tied to rebuilding properties 
in their original location rather than help-
ing homeowners move so that flood-prone 
areas can be turned into green space (NRDC 
2017). The program encourages households 
to locate in flood-prone areas (Peralta and 
Scott 2024).

Social protection policies can slow 
relocation from climate-vulnerable areas
Social protection programs can help poor 
people survive and, when designed to 
respond to climate shocks, assist poor peo-
ple in recovering from climate damage. But 
like subsidies and bailouts, social protection 
programs that are designed with only short-
term benefits in mind can prevent migration 
away from climate-vulnerable areas. A large 
workfare program that hired rural adults 
during the agricultural off-season in India 
significantly reduced permanent migra-
tion to cities (Imbert and Papp 2020). And 
employment guarantee programs can com-
pletely reverse seasonal climate migration 
out of vulnerable areas (spotlight 4.1). And in 
addition to possibly improving welfare in the 
short run, they can reduce climate resilience 
in the long run.
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	 SPOTLIGHT 4.1  Migration as a path to adaptation

Seasonal migration can be an important 
way to cope with agricultural slumps due 
to weather shocks but can pose risks to the 
migrants, who incur costs associated with 
travel, poor housing conditions, and the like. 
But reliable data on seasonal migration are 
difficult to find. A background paper for this 
report assessed the extent to which climate 
shocks push seasonal migration in rural 
India. It used the sum of positive deviations of 
unreserved passenger train tickets from the 
annual average as a proxy for seasonal migra-
tion, based on the idea that travelers with 
planned business trips or vacations reserve 
their tickets in advance and that seasonal 
workers are more likely to account for unre-
served passenger travel. Evidence from India 
shows that seasonal migration peaks during 
the lean seasons in agriculture.

While climate shocks push seasonal 
migration, government policies may blunt 
the relationship. India has a long history of 
providing public work programs, such as the 
Mahatma Gandhi National Rural Employment 
Guarantee Act (NREGA). Launched in 2005 
to enhance livelihood security in rural areas, 
it guarantees manual jobs to rural workers 
for minimum wage. If the government fails to 
provide a job within 15 days, the worker will 
receive an allowance. NREGA “star states”—
Andhra Pradesh, Chattisgarh, Himachal 
Pradesh, Madhya Pradesh, Rajasthan, Tamil 
Nadu, and Uttarakhand—are so-called 
because they provided substantially more 
employment than others. While a one 
standard deviation increase in the number 
of hot days led to a 12 percent increase in 
seasonal migration in non–NREGA star states, 
there was a negligible impact on migration 
in the NREGA star states (see  figure  S4.1.1). 

This suggests that the work guarantee 
changed people’s incentives, making 
migration a less appealing option. While the 
program may benefit the rural population in 
climate-vulnerable areas in the short term, 
by restricting migration, it runs the risk of 
affecting population numbers in those areas 
in the long term.

	 FIGURE S4.1.1  Social protection programs 
can mess up climate-induced migration from 
vulnerable areas

–0.2

–0.1

0.0

0.1

0.2

Non-NREGA
star states

NREGA
star states

Impact of one additional hot day on seasonal migration rate

95% con�dence 
interval

Source: Kochhar 2024.
Note: This figure shows the temperature shock effect 
on seasonal migration in India in NREGA star and non-
star states. NREGA is the Rural Employment Guaran-
tee Act (2005). NREGA star states—Andhra Pradesh, 
Chhattisgarh, Himachal Pradesh, Madhya Pradesh, 
Rajasthan, Tamil Nadu, and Uttarakhand—are so-called 
because they provide much more generous payments 
under the NREGA program than non-star states, which 
are all the other states. This figure shows that in star 
states, generous support stifles seasonal migration 
previously prompted by heat shocks. The model was 
generated by a Poisson Pseudo-Maximum Likelihood 
Estimator and includes origin and destination x year 
fixed effects. Standard errors are clustered at the origin-
district level.



Notes
1.	 The estimates have a range and depend on the spe-

cific programs, coverage, and components.

2.	 See Knippenberg and Hoddinott (2017) for evidence 

from Ethiopia and Stoeffler, Mills and Premand 

(2020) for evidence from Niger.

3.	 For evidence on responsive social protection, see 

Del Carpio and Macours (2009) and Macours, 

Schady, and Vakis (2012) for Nicaragua and Aker 

et al. (2016) for Niger.

4.	 Gros et al. (2022) and Pople et al. (2021) for Bangla-

desh and Gros et al. (2022) for Mongolia.

5.	 The poverty gap is the difference between the aver-

age income of the poor and the poverty line.

6.	 See Gascoigne et al. (2024) for details.

7.	 Deininger and Jin 2006. For a survey, see Besley and 

Ghatak (2010).

8.	 See Goldstein et al. (2018) and Wren-Lewis, Becerra-

Valbuena, and Houngbedji (2020) for evidence from 

Benin and Ali, Deininger, and Goldstein (2014) for 

evidence from Rwanda.
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Rethinking the Policy Agenda for 
Resilience 5  
Climate change is real, and it deserves the 
attention of policy makers in every country. 
Harmful weather events—such as extreme 
storms, droughts, heat waves, and wildfires
—are becoming more frequent and severe. 
The stakes for poor countries are higher than 
for advanced economies because they are 
less resilient to the vagaries of nature. Thus, 
the most consequential climate policy ques-
tion for developing economies is not only 
how much carbon the world emits, but how 
quickly firms, people, and governments can 
prepare for shocks, recover from them, and 
learn to do better next time. To ensure that a 
bad day, week, or season does not become a 
bad decade, the principal response to climate 
change for developing economies should be 
quickly to become more resilient to it. This 
chapter shows that the answer is not all that 
complicated.

Why resilience policy matters
The burden of climate disasters is, and will 
continue to be, borne disproportionately by 
poor people and poor countries. For poor 
countries, climate resilience has become 
indistinguishable from their quest for devel-
opment. Given the ambiguity associated 
with climate events, households, farmers, 
and firms will adapt quickly on their own 
only if they have the means and tools. They 
are not willing bystanders or helpless vic-
tims of climate shocks, nor are they fatalists. 

But government policies are often distortive, 
markets are imperfect, and individuals typ-
ically lack the information to make adapta-
tion decisions and the tools and resources to 
implement them.

There is a compelling reason for policy 
intervention to empower economic agents 
and strengthen an enabling environment 
(box 5.1). This chapter shows how govern-
ments can follow a 5  I’s strategy—income, 
information, insurance, infrastructure, and 
interventions—to build resilience. It is not 
enough to intervene in a piecemeal fashion. 
Policy makers need a more systemic view of 
the problems and solutions to take advan-
tage of the complementarities and weigh the 
trade-offs. A layered approach stacks policy 
instruments in their order of importance to 
overcome specific failures or address specific 
risks. This approach builds on complemen-
tary actions and helps avoid the perverse and 
unintended consequences of narrow, stand-
alone policies.

Government has a complementary role 
in ensuring climate resilience
Empowering people for climate resilience 
requires the development of markets—for 
finance, insurance, factors, and products 
—that are linked to economic development. 
No economy has developed without those 
markets. And no market development is 
possible without some basic institutions 
and infrastructure to support economic 
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When Bangladeshi children cannot get to school due to flooding, 
bring floating schools to them

Bangladesh is known for its ready-made gar-
ments; there is a good chance that the average 
consumer in the West owns a T-shirt stitched 
there. It is also a success story for building 
resilience to cyclones through public invest-
ment in early-warning systems, shelters, and 
protective infrastructure and through active 
private engagement in information collec-
tion and dissemination. Private citizens in 
Bangladesh have played a vital role in coming 
up with indigenous solutions to climate resil-
ience problems. One such innovative idea is 
floating schools, originally proposed by the 
architect Mohammad Rezwan. He grew up 
in a region prone to flooding and was able to 
get to school during the monsoon season only 
by using a boat his family owned. Many of his 
childhood friends were not as fortunate.

A large part of Bangladesh is located in a 
low-lying delta, only one meter above sea level. 
The wetlands in the northeast, known locally 
as haor, become submerged in water during 
the monsoon season and remain flooded for 
seven to eight months a year. During this sea-
son, roads are flooded, leaving students from 
poor families without access to traditional 
schools. But then came the boat schools—first 

in 2002 with financial help from the Bill & 
Melinda Gates Foundation, the Global Fund for 
Children, and the Levi Strauss Foundation.

Floating schools by nongovernment organi-
zations such as Shidhulai Swanirvar Sangstha 
and BRAC have  reached more than 100,000 
students since their inception. They recruit 
teachers from local communities, and some 
have solar panels to cater to working students 
during night shifts. The boats serve as a water 
bus that picks up students directly from their 
homes.1 The students have outperformed their 
peers in national standardized tests.2

Floating schools are now in Indonesia, Nige-
ria, the Philippines, Viet Nam, and Zambia. As 
these schools demonstrate, people under cli-
mate threats can find indigenous solutions to 
their problems, but they need resources and, 
in many cases, markets and services to imple-
ment them. Both national governments and 
international donors can help empower people 
to build resilience.

Source: Based on Anjum 2020 and Alam and Zhu 2023.

Notes
1. Beaubien 2018.
2. Alam and Zhu 2023.

BOX 5.1

The cost of providing insurance is high because 
of a small client base, and the client base is 
small because insurance is not affordable



development. In addition, many short- to 
medium-term policy measures must focus on 
building climate resilience.

The role of government arises from the 
familiar problems of market failures, com-
plementarities, and coordination issues and 
extends beyond disaster management. Var-
ious market failures arising from poor and 
asymmetric information hinder the devel-
opment of finance and insurance markets 
(chapter 3). Property insurance provided by 
the market depends on legal titles issued by 
the government. And providing information 
without access to markets will not induce 
farmers to invest in seeds resistant to drought 
or flood.

Such market failures and complementar-
ities lead to coordination failures. The cost 
of providing insurance is high because of a 
small client base, and the client base is small 
because insurance is not affordable. Only 
governments can solve these coordination 
problems. When markets do not emerge, pub-
lic intervention can create demand during 
the transition period, facilitating their emer-
gence. For example, expanding credit access 
is unlikely to improve investment in cooling 
technologies in classrooms in the short run. 
As households get richer, they will demand 
more schools with air conditioners, and—with 
adequate demand—the private market will 
emerge in the long run. Public investment in 
cooling systems in the classroom during the 
transition period can expedite the entire pro-
cess. Information is critical to solve market 
failures and aid individuals’ investment deci-
sions. But that information must be credible
—and governments have a role in ensuring 
that. Coordination in designing policy pack-
ages is also required because individuals face 
multiple perils—drought combined with pest 
attacks, for example—and addressing only 
one through insurance will be ineffective.

Government actions can also substitute for 
private or market actions (chapter 4). Bail-
outs can distort individuals’ incentive to invest 
in resilience, substituting for private actions. 
Public provision of insurance can directly sub-
stitute for market insurance. Both subsidies 
and bailouts stymie the development of insur-
ance markets and incentivize settlements in 
environmentally precarious areas. Govern-
ments thus have to enact and coordinate pol-
icies for climate resilience, and care must be 
taken to ensure that government action com-
plements both market and private actions.

Good policies can encourage 
adaptation by individuals, enable 
markets, and focus government actions
To develop resilience, individuals, markets, 
and governments must act in unison, each 
playing its respective role. Individuals can 
build resilience by making informed deci-
sions based on credible and timely informa-
tion; they can act as pragmatists. They can 
become more resilient by using all available 
resources—their own or those procured 
through formal and informal sources—to 
insure against climate uncertainty and invest 
in reducing potential damages from climate 
shocks. Climate uncertainty induces individ-
uals to pursue these actions more vigorously 
than they would with known risks. But they 
face three binding constraints to managing 
and protecting against uncertainty. First, they 
lack income. Second, they lack information, 
compromising expectation formation and 
perpetuating behavioral biases. Third, they 
lack tools that markets can provide. Without 
relaxing these constraints, individuals cannot 
do their parts to build resilience.

Markets can help relieve most of the con-
straints. Information about expected climate 
vulnerability is reflected in prices when mar-
kets function well. Private firms can also 

Considering the complexity and uncertainty 
of climate change, this report proposes 

a “5 I’s” strategy: income, information, 
insurance, infrastructure, and interventions
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supply weather information directly to indi-
viduals when markets for information provi-
sion are well developed. Finance markets can 
facilitate savings and extend credit to relieve 
liquidity constraints. Insurance markets can 
allow income smoothing across good and bad 
states. Spatially integrated markets can sup-
ply climate-resistant technology at affordable 
costs (input markets), encourage adoption 
of technology (product markets), and allow 
relocation of individuals across activities and 
areas (land and labor markets). They can 
also provide an additional layer of insurance 
by dissipating the local effects of shocks. But 
markets cannot do their part in building resil-
ience without an enabling environment.

Good policies can enable the development 
of well-functioning markets and empower 
individuals to take climate resilience actions. 
So, governments should focus on the right 
set of policies and instruments and remove or 
reform ones that restrict and distort people’s 
incentive to become resilient. A clear analy-
sis of policy options that considers binding 
constraints can help government focus on 
actions in the right places.

Governments can pursue a 5 I’s 
strategy—income, information, 
insurance, infrastructure, and 
interventions—to build resilience
Considering the complexity and uncertainty 
of climate change, this report proposes a 
5 I’s strategy of layering income, information, 
insurance, infrastructure, and interventions 
to promote resilience (table 5.1). Income 
growth is the foundation of resilience building 
because it is the best way to relieve liquidity 
constraints and moderate the safety-first 
instinct of people who are ambiguity averse. 
After income growth, information is a funda-
mental prerequisite for rational and robust 
decision-making. Insurance allows individ-
uals to diversify risks, and infrastructure 

allows them to both insure against and limit 
the losses from climate events. Well-designed 
interventions, such as social protection, sup-
port coping without creating moral hazard.

To see how the strategy works in prac-
tice, consider a farmer contemplating plant-
ing climate-resistant seeds. First, the farmer 
needs income to make the necessary invest-
ment. Then she needs information about the 
probable severity of climate events (such as 
drought) and about the costs and benefits 
of drought-resistant seeds to compute the 
expected returns. She may need credit to 
purchase seeds, fertilizer, and other inputs 
and insurance to guard against potential crop 
failure. Infrastructure is needed to ensure inte-
grated output markets so that she can earn 
reasonable returns. Poorer individuals may 
not be able to afford enough investment and 
insurance to recover sufficiently from climate 
damages. Governments can use social pro-
tection systems to provide resources to poor 
people to avoid greater harm and help them 
bounce back after climate damage.

The layers can be adapted for different 
types of decision-making by individuals. For 
a firm considering cooling technology for 
its workers, the same 5  I’s apply. For house-
holds, farmers, and firms making smaller 

Though countries can  rely on economic 
growth to address shortcomings in resilience 
in the long run, active resilience policies 
are still needed at all income levels

	 TABLE 5.1  The 5 I’s strategy—income, 
information, insurance, infrastructure, and 
interventions—to promote climate resilience

Income To relax liquidity constraints, 
diversify livelihoods, and access 
credit, for resilience building

Information To promote pragmatic 
decision-making

Insurance To help manage risk

Infrastructure To protect against and minimize 
losses

Interventions To aid in coping

Source: Policy Research Report team.



investments, such as buying air-conditioning, 
insurance may not be relevant. For all three 
agents that are acquiring properties, the rel-
evant layers are the first four I’s: income, 
information, insurance (and finance), and 
infrastructure. The first four I’s are helpful 
even if no damage occurs and are relevant for 
productive investments and thus economic 
development. So, households, farmers, and 
firms can adopt strategies in these areas 
without experiencing regrets. While infor-
mation is also relevant for economic devel-
opment, it carries special weight in climate 
resilience for its role in pragmatic decision-
making. Similarly, insurance is more relevant 
for climate resilience since it helps individuals 
hedge against climate damages.

Linking growth and inclusion 
to climate readiness
Resilience, the capacity to withstand damages 
and the ability to bounce back from climate-
induced disasters, tends to increase with 
rising income, as discussed in more detail in 
chapter 1. Richer countries have better infor-
mation and communication infrastructure, 
greater emergency response capacity, higher 
quality infrastructure and housing, and more 
fiscal space to fund assistance and rebuilding. 
People with more wealth and higher incomes 
are better able to deal with climate shocks. 
Higher income provides insurance against the 
possibility that even a small shock can jeop-
ardize the survival of a poor family, thereby 
reducing the stakes involved in climate shocks 
and hence ambiguity aversion. An increase 
in income enables households, farmers, and 
firms to better adapt to climate shocks and to 
adapt by learning from repeated exposures. 
Economic growth will therefore strengthen 
the resilience of households, farmers, and 
firms.

But growth, in turn, also depends on resil-
ience. One requires the other because a lack 
of resilience at any level of development can 
hold back or even set back economic growth 
and welfare, as discussed in chapter 1. While 
economic growth can help improve resilience 
over time, all countries still need active resil-
ience policies to adapt to and recover from 
climate shocks. Wealthier countries are more 
resilient, but they are by no means immune to 
growing climate impacts, because the nature 
of risk changes as incomes rise. Vulnerability 
in richer countries typically goes down, but 
asset exposure goes up. Asset loss as a share 
of income or GDP may still be relatively low, 
but absolute damages from storms or floods, 
for example, can be very high—so high that 
private insurance for such events becomes 
increasingly unsustainable. And even if 
human losses from climate disasters are 
lower in richer countries, they can still be con-
siderable, as recent floods in Germany, Spain, 
and the United States have demonstrated. All 
high-income countries therefore continue to 
pursue strong resilience policies.

Another concern is that even with ade-
quate growth, there is no guarantee that the 
resilience benefits of growth will reach every-
one. Growth turns into development only if it is 
widely shared and sustainable, and the same 
goes for the relationship between growth 
and resilience. Since growth often leads to at 
least temporary increases in inequality, purely 
growth-driven resilience could fall severely 
short for many.

Finally, adaptation depends on mitiga-
tion, which aims to reduce the drivers of cli-
mate risk. Growth almost certainly requires 
greater resource consumption, especially 
energy resources. Because for at least some 
time, energy will not be renewable, the addi-
tional climate risk from greater fossil fuel 
burning may outrun the resilience benefits 

Achieving resilience depends on making 
economic growth sustainable
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from growth. Achieving resilience there-
fore depends on making economic growth 
sustainable.

What are the implications for policy? 
One is that the experience over the last 
half century or so shows how difficult it 
is to achieve meaningful growth. Success 
stories, such as China and the Republic 
of Korea, contrast with persistent under-
performance, especially in parts of Africa 
and South Asia. Though income growth in 
developing countries has recovered to some 
extent from its Covid-19 pandemic dips, it 
is slowing around the world (World Bank 
2024). Output growth is projected to remain 
below its 2010–19 average in all regions 
except the Middle East and North Africa 
and Sub-Saharan Africa. A large part of this 
slowdown reflects moderating growth pros-
pects in many large middle-income coun-
tries. Climate resilience will require stronger 
growth prospects in both low- and middle- 
income countries.

Growth itself may not address the resil-
ience problem for low-income populations in 
the short or medium term. Specific resilience 
policies remain necessary. More generally, 
such policies are also required at any given 
income level because of the persistent exter-
nalities and market failure discussed in this 
report. What can and needs to be done will 
change as countries get richer.

Finally, and most importantly, policies that 
benefit both growth and resilience will, all else 
equal, always be preferable. For instance, if 
financial inclusion improves risk management 
for small-scale farmers as effectively as insur-
ance, the former will be preferable because 
it can also promote productivity. But there 
will always be instances where resilience 
measures are a pure cost and help growth 
only indirectly by avoiding or reducing future 
losses.

Ensuring available, credible, 
and accessible information 
for climate resilience
Information is vital for decision-making amid 
deep climate uncertainty. Investments in self-
protection and long-term productivity enhance-
ments suffer when people are ambiguity averse 
and subject to behavioral biases. Similarly, 
information’s high cost is a prime reason for fail-
ures in the insurance and credit markets. Gov-
ernments also need information about climate 
vulnerability for their planning and investment 
decisions. The need for climate-related infor-
mation extends well beyond acute information, 
such as that provided by early-warning sys-
tems. Spatially and temporally granular climate 
data—long-term trends, short-term deviations, 
extreme climate events, and their respec-
tive probabilities—are needed to turn people 
from pessimists or optimists into pragmatic 
decision-makers.

Turning people into pragmatists
Amid deep climate uncertainty, most people’s 
adaptation decisions are influenced by their 
expectations of worst-case scenarios. But 
expectations are not static. As new informa-
tion arrives, people learn from it and update 
their expectations. With more reliable infor-
mation about expected climate events, deep 
uncertainty can be transformed into ordinary 
uncertainty, ambiguity aversion can be recti-
fied, and adaptation behaviors can resemble 
those of pragmatic agents.

Early-warning systems have very high 
benefit-cost ratios, but their effectiveness var-
ies across settings. In Uganda, early-warning 
systems are poorly connected to vulnera-
ble communities and do not communicate 
hazards well (Lumbroso 2018; Lumbroso 
et  al. 2016). In Bangladesh, despite informa-
tion from the Flood Forecasting and Warning 
Center, people prefer locally available and 

A “preparedness paradox” arises when 
actions to minimize the impacts of a 
catastrophe are successful, giving people the 
impression that the threat was less serious



easily understood early-warning information 
that connects with indigenous knowledge 
(Fakhruddin, Kawasaka, and Babel 2015; How-
ell 2003). Barriers to effective early-warning 
systems include insufficient funding, low 
priority by governments, and insufficient 
institutional and legal frameworks for disaster 
risk management and preparedness.

It can also be tricky to decide when to issue 
warnings. Even with the best data and model-
ing, disasters sometimes do not strike. Some-
times there are false alarms, and when there 
are too many of them over time, people tend 
to disregard warnings (Ripberger et al. 2015). 
People also mistrust warning messages and 
fail to undertake protective measures during 
cyclones (Roy et al. 2015).

A “preparedness paradox” arises when 
actions to minimize the impacts of a catastro-
phe are successful enough to give people the 
impression that the threat was less than it 
actually was. In recent Brazilian floods, people 
defied evacuation messages simply because 
serious flooding is rare, and they did not think 
it could happen. To avoid the paradox, news 
after a disaster should focus not just on the 
actual damages from the event but also on 
the damages avoided due to preparedness 
by providing information on damages from 
past similar events. To overcome mistrust and 
tackle inattention and preparedness para-
doxes, communities can be tapped to gather 
information about local conditions, dissemi-
nating warnings from early-warning systems, 
and assisting with evacuation plans and 
post-disaster damage assessments (box 5.2).

Medium-term weather information is 
required to undertake self-insurance and 
protection measures, such as savings, crop 
management, employment diversification, 
and insurance purchase. One example is how 
information on weather variability can improve 
planting decisions by farmers. Farmers expe-
riencing greater weather fluctuations display 

greater ambiguity aversion: they decide their 
planting time as if the worst weather will 
materialize. Better and reliable information 
about future weather around the planting sea-
son can reduce this ambiguity aversion, allow-
ing for better decisions (box 5.3).

Better weather forecasts improve alloca-
tions of labor across activities and areas. In 
India, a forecast of good rainfall reduces sea-
sonal outmigration and agricultural wages 
during planting (Rosenzweig and Udry 2014). 
Improved forecasts also reduce mortality and 
increase people’s willingness to pay for the 

Inadequate information often limits technology 
adoption more than a lack of liquidity

Bangladesh uses community 
volunteers to make its early-
warning systems more effective

Bangladesh has a multilayered early-warning 
system of weather monitoring equipment, com-
munication systems, designated shelters, and a 
comprehensive network of volunteers. Despite 
the rapid increase in shelters, they still accom-
modate less than 10 percent of the coastal 
population.1 

Bangladesh’s early-warning systems use tele-
vision and radio broadcasts, push messages 
over mobile phone networks, targeted SMS noti-
fications, and a helpline that people can call for 
prerecorded voice messages. It has more than 
76,000 volunteers in villages along the coast 
who broadcast the severity of impending natu-
ral disasters, use door-to-door visits to persuade 
people to evacuate when needed, and educate 
people about disaster preparedness in normal 
times. This last-mile effort by volunteers has 
limited the deaths and damages from cyclones.

Note
1. Hadi et al. 2021.

Source: Based on Hadi et al. 2021 and Davison 2022.

BOX 5.2
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forecasts (Shrader, Bakkensen, and Lemoine 
2023). Short- to medium-term weather infor-
mation involves forecasting weather patterns 
for one day to five weeks in advance.

The benefits from some investment in self-
protection are reaped over a longer period, and 
people need longer-term climate information 
to make those investment decisions. Credible 

information on climate risks allows residents to 
make informed location choices, enables mar-
kets to price risk appropriately, encourages the 
emergence of private insurance markets, and 
provides a sound basis for transparent land-
use regulations. Evidence from US homebuy-
ers highlights the value of such information in 
property markets (box 5.4).

Better weather forecasts improve decision-making

Monsoon onsets have shifted in India in recent 
decades, arriving earlier than normal in most 
places (map B5.3.1) and detailed, long-term 
weather forecasts help farmers make more 
informed decisions about when and what to 
plant and about what input amounts to apply. 
Burlig et  al. (2024) evaluated the impact of 
providing farmers (in randomized villages) in 
India detailed, long-term monsoon forecasts. 
Novel, long-range forecasts produced by the 
Potsdam Institute for Climate Impact Research 
(PIK) now make it possible for farmers to know 
40 days in advance when the monsoon will 
arrive. The forecasts have been accurate to 
one week in each of the past 10 years.

A study randomized 250 villages in Telan-
gana, India, into three groups: one that received 
a forecast offer, one that received an index 
insurance offer, and a control group. Between 
5 and 10 farmers were sampled in each village, 
and all farmers in the village received the same 
treatment. Comparing the forecast and con-
trol groups measures the impact of receiving 
the forecast information. Comparing the insur-
ance and control groups allows one to bench-
mark the impact of the forecast relative to 
another risk-mitigation strategy. Farmers who 
received a forecast that was “good news” rela-
tive to what they thought previously increased 

investment in their farms and saw higher agri-
cultural profits. Those who received “bad news” 
switched from investing in their farms to invest-
ing in other businesses. Overall, these forecasts 
raised farmers’ per capita food consumption by 
7 percent. Unlike insurance, forecasts have low 
cost of delivery and allow farmers to tailor their 
decisions to the upcoming season.

Map B5.3.1 Monsoon patterns have shifted 
in India

Source: India Meteorological Department, Ministry of 
Earth Sciences, “Monsoon Information,” 2024, https://
mausam​.imd.gov.in/responsive/monsooninforma-
tion.php.

Source: Based on Burlig et al. 2024.

BOX 5.3

https://mausam.imd.gov.in/responsive/­monsooninformation.php
https://mausam.imd.gov.in/responsive/­monsooninformation.php
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Climate risk information makes homebuyers better decision-makers

Internet real-estate platforms such as Redfin 
incorporate pinpoint climate risk maps in their 
platform to educate homebuyers. If homebuy-
ers respond to this information by becoming 
more discerning about how they search and 
buy, the information can accelerate the pace 
of climate change adaptation. Due to the high 
cost and sometimes unavailability of loca-
tion-specific property risk data, homebuyers 
can greatly benefit from acquiring knowledge 
about these risks. 

To explore this, a large-scale nationwide nat-
ural field experiment was conducted through 
Redfin to estimate the causal impact of provid-
ing home-specific flood risk information on the 
behavior of homebuyers in their searching, bid-
ding, and purchasing decisions. 

Redfin randomly assigned 17.5 million users 
to receive information detailing the flood risk 

associated with the properties they searched 
for on the platform (figure B5.4.1a). The remain-
ing users served as a control and saw generic 
information (figure B5.4.1b). Flood risk informa-
tion influences every stage of the house-buying 
process, including the initial search, bidding 
activities, and final purchase.1 And individuals 
are willing to trade property amenities for a 
property with lower flood risk, especially those 
searching in high flood risk areas: the informa-
tion lowered property prices in risky areas. 

Poor people in developing countries are 
often forced to settle in climate-vulnerable 
areas due to lower housing costs, and easily 
accessible information could help them avoid 
the riskiest areas.

Note
1. Fairweather et al. 2023.

Figure B5.4.1 Flood risk information influences home buyers in the United States
a. Treatment group 	 b. Control group (received
(received flood risk information)	 only general information)

Source: Based on Fairweather et al. 2023.

BOX 5.4

In low-income countries, medium- 
to long-term forecasts are either 

unavailable or involve forecast errors
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Inadequate information often limits tech-
nology adoption more than a lack of liquid-
ity, as with rainwater harvesting techniques 
(which capture rainfall, reduce runoff, and 
enable irrigation) in Niger (Aker and Jack 
2025). Training was offered that explained 
how demi-lunes, half-moon shaped berms, 
can collect rainfall and runoff and outlined the 
steps and technical norms for constructing 
them. And various cash transfers were offered 
to relieve liquidity constraints. But there was 
little evidence of liquidity or credit constraints 
deterring adoption of rainwater harvest-
ing. Instead, training increased the share of 
adopters by more than 90 percentage points, 
while cash transfers had no additional effect.

Climate-resistant seeds and farming prac-
tices require information about expected 
weather conditions as well as technology. 
Most countries’ agricultural extension services 
oversee dissemination of information about 
new technologies, crops, cultivation methods, 
input requirements, and so on. They can be 
tapped to provide longer-term weather fore-
casts, especially when the technologies or the 
crops are truly new.1 As noted above, social 
networks matter a lot, and effective informa-
tion interventions should take advantage of 
them. Smartphones and video messaging 
have opened another avenue for information 
provision at scale, because showing videos 
about input use and farming practices and 
sending SMS and voice messages all increase 
the uptake of modern agricultural technology 
(Dzanku and Osei 2023; van Campenhout, 
Spielman, and Lecoutere 2021).

Climate risk varies across space, so infor-
mation on event probabilities, exposure, and 
vulnerability over the longer horizon must be 
collected and disseminated spatially. Gov-
ernment has a role in linking climate hazard 
data to granular geospatial locations and 
making those data available to all house-
holds, farmers, and firms. Such information 
dissemination, though beneficial for everyone 

concerned in the long term, faces substantial 
opposition from people, industry, and poli-
ticians alike. Japan, one of the most climate 
vulnerable and most resilient countries in the 
world, used a combination of legislation and 
information campaign to overcome this oppo-
sition in its successful water management 
effort (box 5.5).

Making climate information available, 
credible, and affordable
Next-day weather forecasts have become 
more accurate and are often available on 
smartphones and other electronic devices 
without cost. But in low-income countries, 
medium- to long-term forecasts are either 
unavailable or involve forecast errors. Fore-
cast data are available from two global 
sources: the US National Oceanic and Atmo-
spheric Administration (NOAA) and the Euro-
pean Centre for Medium-Range Weather 
Forecasts (ECMWF).2 Worldwide weather 
forecasts for up to 16 days at a spatial reso-
lution of 28 kilometers are available for free 
from NOAA through a web portal and an app. 
Forecast data from ECMWF for up to 16 days 
are at a spatial resolution of 14 kilometers and 
are available to ECMWF and World Meteoro-
logical Organization (WMO) members for free 
and to commercial users for a fee.

Private commercial firms in developed 
countries collate data from multiple public and 
semi-public sources and their own satellites 
and use proprietary forecasting models to pro-
vide spatially finer and longer-term forecast-
ing. Examples include Tomorrow.io and Meteo-
matics. Various artificial intelligence systems 
are also improving the accuracy and timeliness 
of forecasts. For instance, Pangu-Weather can 
perform forecasts as accurately as (or better 
than) leading meteorological agencies and 
up to 10,000 times faster (Bi et al. 2023). The 
speed of these forecasts makes them much 
cheaper to run and could provide much better 
results for countries with limited budgets.

Mobile money has leveraged high mobile phone 
penetration in many developing countries to 
deliver a first wave of digital financial services



Japan used transparency and planning in water management to turn 
flood uncertainty into risk

Japan’s journey from resistance to integrated 
flood risk management demonstrates how 
societies can transform disaster uncertainty 
into manageable risk through transparency 
and comprehensive planning. The experience 
underscores that when facing natural forces, 
even advanced technological solutions have lim-
itations, necessitating holistic approaches that 
acknowledge human vulnerability and nature’s 
power. 

Japan, despite its advanced technological 
capabilities, faced significant challenges in mak-
ing flood hazard information publicly available. 
Initial attempts to publish flood hazard maps 
encountered resistance from multiple stake-
holders—politicians, real estate developers, 
local governments, and private citizens—all con-
cerned about potential property devaluation. 
This resistance temporarily halted progress 
toward transparency in risk communication.

The Tokai torrential flood of 2000 served as 
a watershed moment in Japan’s approach to 
disaster risk management. This catastrophic 
event severely impacted the Nagoya metropol-
itan area, Japan’s third-largest urban center. 
Approximately 19 square kilometers were inun-
dated due to overtopped levees on the Shonai 
River and breaches in the Shinkawa River. Over 
18,000 homes sustained damage while author-
ities evacuated nearly 29,000 residents. Evac-
uation advisories were issued to approximately 
580,000 people, but actual evacuation rates 
remained critically low.

The inadequate response revealed funda-
mental flaws in disaster risk communication 
and evacuation protocols. Most significantly, it 
demonstrated that public perception of natural 
threats had significantly underestimated actual 
risks.

In response to this disaster, Japan enacted 
significant policy reforms. First came legislative 
change: the Flood Risk Management Law was 
revised in 2016 to mandate the minister of land, 
infrastructure, transport, and tourism to publish 
hazard maps. This was followed by local imple-
mentation, by which local governments utilized 
these maps to develop disaster management 
resources, including evacuation routes, shelter 
locations, and identified hazardous areas. Finally, 
Japan developed a holistic approach. Over the 
subsequent two decades, Japan has continu-
ously evolved its strategy, culminating in the River 
Basin Disaster Resilience and Sustainability by 
All initiative—an integrated approach combining 
both structural (hard) and non-structural (soft) 
measures across entire river basins.

Japan’s experience offers several criti-
cal insights for disaster risk management. 
Science-based hazard maps provide the nec-
essary evidence-based foundation for land-
use regulations that would otherwise face legal 
challenges as arbitrary restrictions on private 
property rights. Even the most robust flood 
protection systems have probability-based lim-
its that will eventually be exceeded by extreme 
events. This revealed a psychological risk: par-
adoxically, increased structural protection can 
create a dangerous “safety illusion,” reducing 
risk awareness and potentially leading to cata-
strophic consequences when defenses fail. Ulti-
mately, Japan developed a balanced approach, 
recognizing that effective flood risk manage-
ment requires complementary hard and soft 
measures—physical infrastructure must be 
supported by robust information systems, 
evacuation planning, and land-use policies.

Source: Based on Japan Water Forum, https://www.waterforum​
.jp/en.

BOX 5.5
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But making these forecasts available to 
small firms or farmers in low-income coun-
tries is not easy. Global forecasting models 
must be adapted to reflect local conditions, 
satellite-based weather data have to be vali-
dated with field weather observations, and all 
the information has to be transformed into 
forms easily understood by consumers and 
communicated to them in real time. Weather 
data must be shared across stations and 
communicated to national and international 
meteorological agencies. The weak infor-
mation collection and sharing are reflected 
in considerable spatial gaps in information 
coverage of the Global Basic Observing Net-
work. Germany has more observation sta-
tions compliant with the network than all of 
Africa (WMO 2024). The two-way exchange 
of weather data can help in disseminating cli-
mate information in low-income countries.

Developing research and development 
capabilities for locally relevant forecast-
ing and increasing the density of weather 
observation and monitoring stations are 
thus a priority. Meteorological observations 
are particularly valuable in locations with 
lower observation density (Linsenmeier and 
Shrader 2023). Improvements in the cover-
age and exchange of surface-based obser-
vations to meet the WMO’s Global Basic 
Observing Network specification can deliver 
additional global socioeconomic benefits of 
more than $5 billion a year (Kull et al. 2021)
—a conservative estimate that does not 
account for the socioeconomic and poverty 
benefits of better weather data. Investing 
in improving surface-based observations in 
data-sparse regions is also highly econom-
ically efficient, yielding a global benefit-to-
cost ratio of more than 25:1.

So, governments need to regulate to 
ensure the credibility of information and 
encourage private firms to assist in translat-
ing and communicating weather information 

in real time. Where private markets have not 
emerged for these services, communities, 
nongovernmental organizations, and public 
service providers, such as extension services, 
can form partnerships to deliver them. These 
partnerships may also need direct assistance 
from the government, particularly to serve 
poor people.

The benefits of better observations include 
more valuable disaster early-warning sys-
tems (Hallegatte et al. 2017; Tzachor et al. 
2023), more accurate locally downscaled 
seasonal and decadal climate predictions 
(Bruno Soares, Daly, and Dessai 2018), and 
more generally a better scientific understand-
ing of the status quo and changes in weather 
and climate. International data exchanges can 
multiply the value of additional observations 
(Kull et al. 2021). The WMO now coordinates 
weather data across the world and runs train-
ing programs for local meteorological agen-
cies. Its role can be expanded in the tradition 
of CGIAR, which made a major contribution 
to improving crop technology and training 
local research agencies in adapting it to local 
conditions.

Expanding insurance mechanisms 
to manage risk and uncertainty
Formal insurance consists of access to 
finance and insurance markets in times of 
need, both before and after climate shocks.

Deepening access to finance
Financial inclusion here means that house-
holds, farmers, and firms have access to afford-
able and useful financial products and services 
that meet their resilience needs—transactions, 
payments, savings, credit, and insurance—and 
are delivered safely and sustainably. Access to 
financial resources is the first line of defense 
for households, farmers, and firms against 
damaging shocks. Climate resilience requires 

To foster responsible innovation in 
digital financial services, governments 
must ensure modern, robust, accessible, 
and interoperable systems



expanding financial inclusion to underserved 
populations, making credit lines available to 
farmers and firms, and devising a common 
savings, credit, and insurance platform for 
everyone.

The barriers to using the traditional bank-
ing sector include high costs of branch net-
works serving small accounts for saving and 
well-known adverse selection and moral haz-
ard problems for credit (see chapter 3). With 
the emergence of digital financing, all three 
problems have been tackled—though not 
equally—using new technology and innova-
tive products. The near-universal adoption of 
mobile phones and their use in mobile bank-
ing have dramatically reduced the fixed costs 
of providing financial services.

Mobile money has leveraged high mobile 
phone penetration in many developing coun-
tries to deliver a first wave of digital financial 
services. There are more than 850  million 
registered mobile money accounts across 
90 countries, with $1.3  billion transacted 
through these accounts each day. Sub-
Saharan Africa is a leader in mobile money, 
with 21  percent of the adult population hav-
ing an account. The number of poor house-
holds with access to formal financial services, 
such as bank accounts or digital wallets, has 
reached 71  percent in developing economies 
(Demirgüç-Kunt et al. 2022). Digital finan-
cial services offer the opportunity to expand 
financial inclusion to unserved and under-
served populations and to improve access to 
credit and insurance for climate resilience.

Mobile money accounts are used primarily 
to send and receive payments. They deliver 
social protection payments, and they have 
made households more resilient to shocks 
by allowing them to receive financial support 
from distant friends and relatives, as in Ban-
gladesh, Kenya, and Uganda (Jack and Suri 
2014; Lee et al. 2019; Wieser et al. 2019). 
Digital financial services–enabled firms can 

interact with financial service providers, even 
when physical visits are not possible (as 
during the Covid-19 pandemic), and draw on 
existing lines of credit without delay or dis-
ruption. And digital payments, once approved, 
can be applied quickly to firms’ accounts, 
allowing smooth functioning of markets 
during disasters.

Mobile accounts have started to boost sav-
ings as well. In 2021, for the first time, more 
than half of adults who chose to save did so 
through a formal account, whether provided 
by a bank or similar institution or a mobile 
money provider (Demirgüç-Kunt et al. 2022).

Progress has been slower in providing 
credit, though several innovative financial 
products have emerged recently. Digital finan-
cial services have introduced forms of alter-
native finance that can compensate for a lack 
of liquidity in traditional financial channels. 
For instance, fintech startups in India facili-
tate person-to-person, consumer, and small 
and medium enterprise loans. Credit can be 
disbursed within hours of application, com-
pared with weeks for a bank. Branch Interna-
tional, which operates in India, Kenya, Mexico, 
Nigeria, and Tanzania, offers similar services. 
The credit extended by these fintech compa-
nies is short in duration (several weeks to a 
year) and of smaller size ($50), yet it can help 
in coping with weather shocks. And smaller 
enterprises can use account receivables as 
collateral for working capital loans.

The development of digital financial services 
requires strong enabling factors to ensure con-
sumer protection, financial integrity, and sta-
bility. To foster responsible innovation in digital 
financial services, governments must ensure 
modern, robust, accessible, and interoperable 
financial infrastructure and support systems.3 
Regulators should encourage new players and 
new approaches by incumbents to offer dig-
ital financial services. They should also pro-
mote competition and a level playing field in 

Making information available to insurance 
providers, farmers, and property owners 

can reduce ambiguity in insurance 
products and boost demand for them
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access to data, technology, and infrastructure. 
And they should safeguard consumer protec-
tion through data privacy and fee disclosures. 
Using digital financial services for social pro-
tection payments also increases its demand.

Developing insurance markets
Households, farmers, and firms obtain insur-
ance against weather shocks from different 
sources. For low-impact but frequent shocks, 
they rely on informal insurance networks 
based on families, friends, and communities. 
This type of informal insurance is useful for 
small shocks and tends to disappear for large 
systemic shocks or with formal insurance. 
The formal insurance available depends on 
the types of shocks and economic agents. In 
developing countries, parametric index insur-
ance dominates for crops, while indemnity-
based insurance dominates for properties. 
Meso-level insurance products are also avail-
able for local, state, and central governments. 
Some formal insurance products are publicly 
provided, as with crop insurance in the United 
States. And some are provided through 
public-private partnerships and partly sub-
sidized, as with flood insurance in developed 
countries and crop insurance in developing 
countries.

But insurance markets are subject to high 
transaction and capital costs. Government 
subsidies have been the main tool used to 
reduce these transaction costs. For exam-
ple, in China and India, index insurance for 
farmers is heavily subsidized—in the range 
of 60–90  percent of insurance premiums 
(Kramer et al. 2022). Flood, fire, and other 
disaster insurance for properties and indem-
nity crop insurance for farmers are subsidized 
in developed countries as well. The argu-
ments for these subsidies are that, without 
them, insurance markets would not emerge 
and that subsidies allow insurance compa-
nies to learn about delivering these products 
more efficiently, lowering loading and thus 

premiums. But even with heavily subsidized 
premiums, demand for insurance has been 
low due to bailouts, basis risks for index insur-
ance, and a lack of trust and understanding 
by potential consumers.

The insurance industry needs new and eas-
ily scalable ideas and policies to substantially 
reduce transaction and capital costs. For digi-
tal financial services, this has come from wide 
adoption of mobile phones, a flexible regu-
latory framework that allowed entry of non-
traditional actors into traditional finance and 
encouraged product innovation, and public 
investment in interoperable digital and finan-
cial infrastructure. The same broad approach
—adapted to insurance—can help better 
manage climate risks and uncertainty. Indeed, 
some digital financial service companies now 
offer insurance products as well; ACRE Africa, 
a fintech company, offers crop, livestock, and 
index insurance products to smallholder farm-
ers in Kenya, Rwanda, and Tanzania.

Expanding supply
Unlike traditional insurance or financial prod-
ucts that deal mostly with manageable risks, 
insurance products for climate shocks need 
to deal with deep uncertainty and ambiguity. 
Informed decisions require granular and fine 
climate data, and governments can help in 
converting these data into easily accessible 
and usable forms for users, including insur-
ance providers.

Insurance providers need to verify how 
a crop is faring or whether a property is in 
a climate-vulnerable area. Automating the 
verification process using digital technology 
requires universal digital IDs: property IDs for 
property insurance and village IDs for index 
and crop insurance. Unique IDs enable merg-
ing of digital property registries and village 
data with data on soil quality and water avail-
ability and other physical data relevant to land 
productivity.4 Equally important, detailed and 
real-time climate data as well as crop health 

For many countries, the risk of catastrophic 
events is so high that no insurance 
company can offer affordable coverage



data from satellite imagery can be linked to 
village IDs to make verifying crop losses eas-
ier. A similar process is used to offer tailored 
index insurance products to farmers in the 
United States (box 5.6). And accurate veri-
fication of losses without feet on the ground 

will greatly reduce transaction costs for insur-
ance companies.

Picture-based insurance using smartphone 
images of insured crops for claim settlement 
can reduce basis risk for farmers by detecting 
severe crop losses remotely and at a relatively 

US crop insurance uses granular data to offer farmers flexible 
insurance options

The US Department of Agriculture and the 
Federal Crop Insurance Corporation offer the 
Annual Forage Insurance Plan for farmers. This 
plan provides index insurance for below-average 
precipitation. To supply a menu of insurance 
options to farmers, the plan uses digital infor-
mation from different sources: 

•	 The base land value is a measure of the 
land’s productivity computed by the US 
Department of Agriculture.

•	 To compute a rainfall index, the entire land 
area of the country is divided into 0.25 degree 
by 0.25 degree grids. Farmers buy insur-
ance for their corresponding grids and for a 
specific two-month index interval within a 
year. The rainfall index is actual precipitation 
during the index interval divided by average 
long-run precipitation, multi-
plied by 100. An index below 
100 represents below-aver-
age precipitation and so on. 
The insurance covers only a 
decline from the long-term 
historical normal interpolated 
precipitation for a grid and 
index interval. Indemnity pay-
ments are earned by eligible 
insureds only when the final 
grid index is less than the trig-
ger grid index. 

The insured chooses the per-
centage coverage value (trigger 
threshold) and a percent productivity factor, 

which could be above or below the base land 
productivity. Once the insured has chosen the 
percentage coverage value and the total produc-
tivity factor, the dollar amount of protection per 
acre equals the county base value per acre multi-
plied by the coverage level selected multiplied by 
the productivity factor selected. The total policy 
protection then is the dollar amount of protection 
per acre times the total number of acres being 
insured. The insurance premium amount per 
acre depends on the percentage coverage level, 
on the intended use of the land, and on the index 
interval chosen. A web-based tool helps farm-
ers identify their grid and displays all relevant 
information.

Figure B5.6.1 US farmers can obtain 
tailored crop insurance products online

Source: The image is from US Department of Agriculture 2024. 

Source: Based on US Department of Agriculture 2016 and 2024.

BOX 5.6

143

C
ha

pt
er

 5
 |

 R
et

hi
nk

in
g 

th
e 

P
ol

ic
y 

A
ge

nd
a 

fo
r 

R
es

ili
en

ce



144

R
et

hi
nk

in
g 

R
es

ili
en

ce
 |

 A
da

pt
in

g 
to

 a
 c

ha
ng

in
g 

cl
im

at
e

low cost from a stream of ground images that 
farmers provide throughout the growing sea-
son (Ceballos, Kramer, and Robles 2019). The 
stream of images can help deliver person-
alized risk-reducing advice and strengthen 
monitoring that, together with crop mod-
eling, can improve yield predictions for the 
village—or even individual plots (Afshar et al. 
2021; Ceballos, Kramer, and Robles 2019; 
Hufkens et al. 2019). Crop growth models 
can be combined with satellite data to make 
granular yield predictions to trigger insurance 
payments (Lobell et al. 2015). But insurance 
providers have been reluctant to use these 
alternative data sources. Digital ID–based 
information provision offers better solutions 
because it can gather much more information 
than just weather. Many of these regulatory 
frameworks are already in place for facilitating 
digital financial services and can be adapted 
for the digital insurance market as well.

Boosting demand
Making information available to insurance 
providers through digital platforms and to 
farmers and property owners through mobile 
phone applications can reduce ambiguity 
in insurance products and boost demand 
for them. In India, mortgage insurance is 
not legally mandated, though lenders are 
increasingly demanding insurance for mort-
gaged property. In China and India, the pro-
portion of farmers with some type of insur-
ance is high because farmers are required to 
buy insurance when they receive credit from 
banks or input suppliers. Legal requirements 
expand the customer base and allow better 
spreading of risk, helping insurance com-
panies reduce transaction costs. Insurance 
companies also use “risk layering,” where the 
loading in each layer is determined by under-
lying risks. For instance, risk layering would 
mean lower premiums for properties in areas 
less vulnerable to flood or fire and for crops 

that are drought resistant. If premiums are 
allowed to reflect risks, they can serve as 
price signals to encourage settlement in less 
vulnerable areas.

Farmers’ doubt about actually receiving 
an insurance payout is grounded in the real-
ity of payment delays. For instance, under 
India’s Pradhan Mantri Fasal Bima Yojana 
crop insurance program, both the state and 
central government pay subsidies to insur-
ance companies to cover payouts triggered 
by weather shocks. Delays in receiving pay-
ments from the government translate into 
delays in insurance companies paying the 
farmers. Insurance companies can use digi-
tal payment platforms to transfer payouts to 
beneficiary accounts, and governments can 
quickly release the subsidy amounts and use 
regulation to reduce delays. Having federal 
and state governments purchase or subsidize 
insurance coverage for municipalities may be 
a better option (box 5.7).

For many countries, the risk of cata-
strophic events is so high that even a risk- and 
ambiguity-neutral insurance company with 
national coverage cannot offer affordable cov-
erage without the possibility of quickly going 
bankrupt. When typical insurance markets 
are unable to operate, countries have two 
options: they can join in a multicountry risk-
pooling facility to access affordable insurance 
or rely on catastrophe bonds. These options 
are being used by Caribbean islands (box 5.8).

Investing in infrastructure 
to facilitate resilience
The fourth layer of policy for promoting resil-
ience actions is investment in infrastructure 
to limit losses from climate events, diversify 
risk, and increase access to markets for prod-
ucts, inputs, land, housing, and labor.

Having well-developed transport infrastruc-
ture and competitive transport services helps 

Integrated markets facilitate flows of goods 
and people, which in turn helps dissipate 
the local effects of a shock, providing 
an automatic insurance mechanism



Insurance purchased by federal and state governments in Mexico 
protects against climate disasters

Index insurance can also be marketed to gov-
ernments, which can in turn provide relief to 
farmers affected by extreme weather events. 
In Mexico’s Component for the Attention of 
Natural Disasters (CADENA) program, the 
federal government and states jointly pur-
chase insurance to protect municipalities in 
the case of natural disasters. Every year, states 
determine the municipalities they want to 
insure and the type of insurance coverage they 
want—area-based yield insurance, traditional 
livestock insurance, weather-based index crop 
insurance, or livestock index insurance. The 
premiums paid by states (the policyholders) 
are highly subsidized and depend on the pov-
erty rate of the municipalities covered. For an 
average municipality, the federal government 
shares at least 70 percent of the premium. For 
a high-poverty municipality, the federal govern-
ment pays up to 90 percent. In case of a pay-
out, the state governor decides its allocation, 

from lump-sum payments to affected farmers 
to spending on other programs. 

For a natural disaster, CADENA also pro-
vides direct assistance (apoyos directos) to 
municipalities not covered under the insur-
ance program, but ex post disaster relief is 
subsidized only 50 percent by the federal gov-
ernment. In addition, the governor does not 
control how apoyos directos funds are spent 
in the municipalities. So, states have an incen-
tive to purchase municipality-level insurance 
through CADENA because it is more heavily 
subsidized, and they control the payout allo-
cation. Transfers from CADENA have reduced 
post-disaster mortality and accelerated local 
economic recovery.1

Note
1. Del Valle, de Janvry, Sadoulet 2020.

Source: Based on Giné 2024.

BOX 5.7

integrate all types of markets and can reduce 
the climate vulnerability of households, farm-
ers, and firms. And integrated markets facili-
tate flows of goods and people, which in turn 
helps dissipate the local effects of a shock, 
providing an automatic insurance mechanism. 
Access to safe water, improved sanitation, and 
electricity can reduce vulnerability by reducing 
health and livelihood exposures from climate 
shocks. These types of basic infrastructure 
are also needed to ensure inclusive economic 
growth, and are thus doubly desirable, and 
should be prioritized in resilience policies. But 
such infrastructure should be constructed 
with climate resilience in mind. Governments 

can invest in protective infrastructure, such 
as embankments and seawalls, that reduce 
exposure to climate shocks. Optimizing urban 
upgrading, reducing heat island effects, and 
ensuring infrastructure is resilient to natural 
hazards can also greatly reduce economic 
losses and enhance community prosperity 
(World Bank 2023). Similarly, critical hubs 
and spokes of the existing transport network, 
as well power generation and distribution sys-
tems, need to be identified to properly invest-
ment in their resilience. Information about 
climate-vulnerable infrastructure and analyti-
cal capacity to conduct advanced risk assess-
ments are necessary for these tasks.

Investment in protective infrastructure 
should be based on the costs and benefits 
of each option. Risk layering is useful here
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To discourage moral hazard, subsidies 
and social protection should not be large 
enough to cover all the damage from a 
shock or too little to be of any help

Catastrophe risk insurance on Caribbean islands

The Caribbean islands sit in Hurricane Alley,1 
the area of water where hurricanes form and 
travel from northern Africa’s west coast to 
Central America’s east coast. During 1991–
2020, the average Atlantic hurricane season 
(June 1–November 30) had 14 named storms, 
including 7 hurricanes, 3 of them major (cat-
egory 3 or higher). With climate change, sea 
temperatures in the Atlantic Ocean are climb-
ing, and evidence suggests that this is contrib-
uting to the rising intensity of hurricanes.2

The Caribbean includes numerous small 
island developing states, which have difficulty 
absorbing the financial impacts of disasters 
due to limited budgets, economic size, diver-
sification, and access to credit. Their small 
geographic size prevents diversification of risk, 
as disasters can easily cover entire countries 
lacking access to affordable, effective insur-
ance coverage against natural disasters. To 
help address these issues, the first multicoun-
try risk pool—the Caribbean Catastrophe Risk 
Insurance Facility (CCRIF)—was established in 
2007.3 Today, the CCRIF has 19 members and 
offers six parametric index insurance products 
for tropical cyclones, earthquakes, excess rain-
fall, electric and water utilities, and the fisher-
ies sector. Since its establishment, it has made 
78 payouts to 22 members totaling about 
$390 million.4

The CCRIF is a risk-pooling facility through 
which multiple countries pool their risks and 
purchase parametric insurance. Payouts are 
triggered based on the intensity of an event, 
providing immediate liquidity to member 

countries. The facility transfers risk to reinsur-
ance and capital markets. It provides cost-ef-
fective coverage by pooling risks and lever-
aging donor contributions, making it more 
affordable for members.

Another alternative instrument is catastrophe 
bonds, which are insurance-linked securities in 
which the risk is transferred to bond investors. If 
a specified disaster occurs, the bond’s principal 
is used to pay the sponsor (for example, the 
government or the insurer). Investors receive 
periodic coupons and risk losing their principal 
if a disaster occurs. Catastrophe bonds are more 
expensive than risk-pooling facilities due to their 
need to attract investors. The World Bank has 
issued catastrophe bonds that have transferred 
$3.3 billion of risk to capital market investors 
through 19 catastrophe bonds.5 It issued a 
catastrophe bond for Jamaica to increase 
financial resilience to natural disasters and 
climate shocks. In July 2024, Hurricane Beryl, 
a record-breaking category 5 storm hit, leaving 
a trail of destruction along Jamaica’s southern 
coast.6 But despite the level of destruction, it 
failed to trigger Jamaica’s catastrophe bonds 
because its wind speed was not high enough. 

Notes
1. World Atlas, “Where Is Hurricane Alley,” https://
www.worldatlas.com/articles/where-is-hurricane​
-alley.html.
2. NOAA n.d. 
3. World Bank 2012. 
4. Catastrophe Risk Insurance Facilty, “Company 
Overview,” https://www.ccrif.org/about-us. 
5. Cooney et al. 2023.
6. Davis et al. 2024. 

BOX 5.8
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Investment in protective infrastructure should  
be based on the costs and benefits of each 
option. Risk layering is useful here. For the 
riskiest areas, retreat may be the least costly. 
To encourage people to shift away from risky 
sectors and risky areas, governments should 
invest in people—in human capital, skill forma-
tion, and connecting people to jobs and oppor-
tunities in potential destinations. For less risky 
areas, risks can be managed by combining 
investment in people with incentives to invest 
in self-protection and insurance through infor-
mation and market development. Protective 
infrastructure is justified when cost-benefit 
analysis indicates positive returns relative to 
that for retreating or managing.5 The case for 
building resilient infrastructure, the challenges 
to doing so, and ways to overcome them are 
discussed in more detail elsewhere and are not 
repeated here (Hallegatte et al. 2019).

Assisting poor and disadvantaged 
people through targeted interventions
Markets for finance, insurance, property, and 
products take time to develop, and so does 
the income growth that can relieve liquidity 
constraints. During the transition, govern-
ments have to step in to assist poorer and dis-
advantaged households, farmers, and firms 
with buying insurance, moving to a prop-
erty in a safer place, or investing in climate-
resistant technology. There is also a role for 
public support to respond quickly to help 
these households cope with income losses 
from the immediate impact of a disaster. Dis-
advantaged people include women and mem-
bers of ethnic and racial groups that may face 
additional constraints to resilience beyond 
lower income.

Targeting subsidies and social 
protection
A timely, targeted social protection response 
can prevent higher poverty in the short and 

long term. Cash transfers, in response to a nat-
ural disaster, have considerable long-run wel-
fare benefits for poor households. But if poorly 
designed, subsidies leave farmers stuck with 
crop choices that are wrong for climate resil-
ience and encourage households and firms 
to settle in climate-vulnerable areas. To avoid 
such unintended consequences, social pro-
tection programs should have individuals and 
firms bear part of the risk. Programs should 
be contingent on behaviors amenable to cli-
mate resilience. They should, when feasible, 
be targeted. Social protection benefits, which 
tend to be small, should be portable—not tied 
to a place. And they should be timely, tempo-
rary, and rule based.

To discourage moral hazard, subsidies and 
social protection should not be large enough 
to cover all the damage from a shock or too 
little to be of any help. For example, public 
subsidies for financial services should be 
comprehensive, because of their direct and 
indirect impact on the optimal combination of 
insurance and self-insurance (Gollier, Mahul, 
and Pelletier 2023). Subsidies for public insur-
ance premiums alone may not be the best 
value for money. Instead, to be cost-effective, 
public subsidy programs should combine 
subsidies for savings and credit and subsi-
dies for insurance—to encourage vulnerable 
households to absorb small losses by subsi-
dizing interest rates and to transfer excess 
losses by subsidizing the insurance protec-
tion against large and catastrophic risks. The 
optimal mix will depend on the cost of each 
financial instrument and on the risk profile 
and preferences of vulnerable households. 
Public subsidy programs for resilience should 
be assessed through a transparent value-for-
money analysis that compares their cost with 
the increased welfare of the targeted popula-
tion (box 5.9). In contrast, social protection 
programs should provide a meaningful level 
of protection to poor households.

Subsidies and social protection should be 
portable and not tied to places or properties
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To encourage behaviors that contribute 
to climate resilience, subsidies should be 
contingent on resilience-boosting behavior, 
and social protection conditional on build-
ing resilience-promoting skills and assets. 
For farmers, this means bundling subsi-
dized index insurance with climate-resistant 
improved seeds and climate-smart farming 

techniques and conservation practices. For 
poorer households and firms moving into 
safer areas, housing subsidies can be linked 
to investment in weatherproofing structures. 
Social protection for coping can be com-
bined with job training and asset transfers 
to boost resilience to the next climate shock. 
For the poorest households, governments can 

Migration and potential cascading effects 
are why climate resilience policies should 
be coordinated at the national level

Designing catastrophic risk insurance subsidies using a 
value-for-money approach

Public subsidies for insurance premiums can 
help vulnerable countries and people protect 
against catastrophic disasters. For example, 
countries of the Group of Seven and the Vul-
nerable 20, an association of states particu-
larly threatened by climate change, launched 
the Global Shield against Climate Risks at the 
2022 United Nations Climate Change Confer-
ence to help poor and vulnerable people and 
countries better protect themselves against 
climate-related risks. This facility offers pre-
mium subsidies for catastrophe risk insur-
ance programs. The Global Shield developed 
five SMART (specific, measurable, achievable, 
relevant, and time-bound) principles to guide 
the design and implementation of appropriate 
premium and capital support that could help 
scale up climate and disaster risk finance and 
insurance. One of those principles, value for 
money, describes the impact of each dollar of 
premium and capital support on the resilience 
of poor and vulnerable countries and people.

The value-for-money approach compares 
the costs and benefits of alternative pub-
lic interventions to guide the policy dialogue 
between governments and donor partners on 
the optimal forms of public intervention for 
improved financial resilience against climate 
shocks. The dynamic model developed in 

Gollier, Mahul, and Pelletier (2023) compares 
two options: partial premium subsidies for 
insurance coverage (above a deductible) and 
full premium subsidies (free coverage) only 
for the top risk (large and catastrophic climate 
events) layer (above a higher deductible). Vul-
nerable households are better off with an insur-
ance policy for which the household pays the 
full cost of the middle insurance layer (interme-
diate climate events) and government pays the 
full cost of the catastrophic layer, not where the 
government pays a proportion of both the mid-
dle and catastrophic insurance layers.

Five key principles should be followed for 
public intervention in catastrophe insurance 
markets: promote catastrophe risk financing 
in the broader dialogue on disaster risk man-
agement and climate adaptation, enhance 
competitive catastrophic risk markets, use 
risk-based price signals to encourage catastro-
phe risk management, limit public subsidy pro-
grams to those that minimize distortions of 
market price signals, and develop customized 
catastrophic insurance solutions.1

Note
1. Mahul and Cummins 2008.

Source: Based on Mahul 2024.

BOX 5.9



purchase parametric index insurance that, 
when triggered, is disbursed through estab-
lished social protection programs.

In most countries, subsidies for index 
insurance are not targeted to the poor but 
are available for everyone. To kick-start insur-
ance markets, such blanket subsidies may 
be the starting point. But when incorporated 
into social protection programs, insurance 
subsidies can be better targeted to the poor, 
and can allow for gradual reduction of blanket 
subsidies and the associated moral hazard as 
a market develops.

Subsidies and social protection should be 
portable and not tied to places or properties. 
Both should also be calibrated to the severity 
of weather shocks: smaller damages can be 
covered by insurance companies, and larger 
and correlated shocks can trigger subsidies, 
a form of social protection. Public financing 
for regular transfers and smaller anticipatory 
support can be complemented by insurance 
products for larger events, with a humanitar-
ian response for rare, catastrophic events. 
Payment triggers should be well defined, and 
payments should be automatic and without 
delays. A well-defined subsidy or social pro-
tection scheme can consolidate private and 
public payments to assist households, farm-
ers, and firms in planning and recovering from 
weather shocks efficiently. In France, flood 
insurance is not tied to places.

Discouraging poor and disadvantaged 
people from locating in climate-
vulnerable areas
Poorer households in developing countries 
often locate in vulnerable areas because that 
is what they can afford and because alterna-
tive locations in safe but distant neighbor-
hoods involve higher commuting costs. This 
is true for climate migrants from rural to 
urban areas, who often end up in areas that 
are nearly as risky as the ones they migrated 

from. This presents a policy dilemma for gov-
ernments: should they promote the climate 
resilience of poor people at their current vul-
nerable locations (such as urban slums and 
rural areas), or should they equip people to 
move to safer areas?

Providing property rights, public services, 
and protective infrastructure in illegal squat-
ter areas will encourage more such behavior, 
and the associated rise in property values will 
again push very poor people out of protected 
neighborhoods into precarious situations. 
This cycle of dangerous household behav-
ior backstopped by government policies can 
be costly for taxpayers without delivering 
resilience.

Equipping people for a move is predicated 
on several policy steps. Cities can use a com-
bination of regulations, incentives to build-
ers, and land use planning and infrastructure 
development to increase the supply of afford-
able housing. Zoning restrictions must be 
enforced to prevent settlement in the riskiest 
areas. To absorb a growing population while 
excluding risk-prone areas, cities may need to 
adjust their building codes to allow for taller 
units and more density. And because these 
areas will be farther from economic opportu-
nities, land development must be accompa-
nied by affordable transport services. Cities 
may also plan mixed housing units—both 
affordable and expensive houses in the same 
neighborhood—to address commuting con-
cerns. The measures to relax affordable hous-
ing constraints should be accompanied by 
investment in people—such as skill-training 
and job-matching programs—so that they 
can seek better employment.

Finally, for climate migrants, locating in 
equally vulnerable areas in cities can still 
reduce their overall vulnerability because they 
will move out of climate-sensitive agriculture 
to safer nonagricultural activities. In addi-
tion, providing services that reduce people’s 

Households, farmers, and firms face multiple 
constraints, and relaxing one of them may not 

be sufficient for inducing resilience actions
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vulnerability, such as basic health and physi-
cal infrastructure, is cheaper in more densely 
populated areas than in sparsely populated 
rural areas. Migration and potential cascad-
ing effects are why climate resilience policies 
should be coordinated at the national level.

Designing policy packages 
for resilience building
The resilience challenges of households, 
farmers, and firms vary based on the shocks 
they face and their financial ability to man-
age them. And different challenges require 
different markets and instruments. A layering 
approach to responding to these challenges 
starts with describing how different products 
can be bundled to take advantage of comple-
mentarities, tackle cognitive biases, and pro-
mote resilient behavior.

Bundling products across markets
Households, farmers, and firms face multiple 
constraints, and relaxing one of them may not 
be sufficient for inducing resilience actions. 
Subsidized stand-alone index insurance may 
prevent households from adapting to weather 
shocks by encouraging unsustainable liveli-
hoods. Weather index insurance could encour-
age adaptation when bundled with climate-
adaptive technologies. Bundling weather 
index insurance with drought-resistant seed, 
for example, may increase access to seeds 
and insurance with the added advantage of 
being more cost-effective for lenders because 
stress-tolerant varieties reduce the likelihood 
of more widespread crop failures that insur-
ers have to cover with a full payout.

Bundles of insurance with specific agricul-
tural inputs, such as seeds or fertilizer, are 
integrated as interlinked transactions in value 
chains and designed to ensure that farmers 
adopt certain desirable inputs. The Syngenta 
Foundation (interlinking seed and fertilizer 
sales with index insurance) and Kenya’s 

Kilimo Salama (offering index insurance at a 
5 percent premium over the seed price) inte-
grate bundled products in value chains.

Bundling insurance with credit is typically 
done by a financial institution to address 
liquidity constraints. Instead of insuring the 
loan portfolio, banks bundle individual loans 
with insurance that covers the amount of the 
loan. Borrowers typically cannot opt out of the 
insurance contract because it is compulsory. 
This product design reflects banks’ desire to 
avoid losses due to large shocks. The bundle 
can also include some flexibility in the timing 
of payments (preharvest or postharvest).

The success of bundling credit and insur-
ance for farmers depends on how the prod-
uct is designed and the context in which it is 
offered. Field experiments reveal consider-
able demand for bundled products in many 
countries (Ahmed, McIntosh, and Sarris 
2020; Mishra et al. 2021). One such exper-
iment in Ethiopia found high uptake for the 
bundled loan, but agricultural cooperatives 
offering the bundled product were hesitant 
to use their own assets to back it due to the 
risk of default (McIntosh, Ahmed, and Sarris 
2020). Borrowers of bundled products need 
to make a higher payment that includes inter-
est and the insurance premium. As a result, 
uptake was lower in Malawi relative to stand-
alone loans (Giné and Yang 2009). Uptake 
might also be low because farmers still bear 
the idiosyncratic risks, which could be large. 
When there is a history of government pres-
suring lenders to not collect repayment of 
agricultural loans in years with poor rains, 
farmers simply defaulted on their loan pay-
ments even when a payout was not triggered 
by low rainfall. Such bundled products could 
undermine the culture of repayment if there 
is ambiguity about how much of the amount 
due farmers should repay.

When weather index insurance was bundled 
with a stress-tolerant seed variety, demand 

Policy packages can address each layer of shock, 
building on a hierarchy of resilience instruments



for bundled products was higher, and adop-
tion of drought-resistant seeds was greater 
(Boucher et al. 2024; War, Makhija, and 
Spielman 2020). Farmers were more will-
ing to make risky production decisions 
when the seed variety was combined with 
weather index insurance to cover losses from 
more extreme weather events. Subsequent 
demand for the bundle was higher among 
farmers who had received a payout, indicat-
ing learning over time. Bundled loan contracts 
are expected to induce farmers to adopt tech-
nological change only in environments with 
low collateral requirements and modest idio-
syncratic risks as a share of total farmer risk 
(Carter et al. 2017).

Layering instruments
The resilience strategies of households, farm-
ers, and firms vary by the types of shocks they 
face. The downside risk of a shock can be cate-
gorized by the magnitude of losses and is usu-
ally segmented into three layers. Idiosyncratic 
shocks inflict frequent but typically low-impact 
and mostly idiosyncratic losses. Intermediate 
shocks inflict less frequent but larger losses 

that may be correlated within groups of peo-
ple. Large and catastrophic events comprise 
tail-end risks that are infrequent but have high, 
systemic impacts, such as a severe flood or 
drought, affecting many people in a region and 
causing widespread losses.

Policy packages can address each layer of 
shock, building on a hierarchy of resilience 
instruments (see table 5.1). Higher incomes 
and improved knowledge and information 
are universally needed as a solid base and 
apply to all types of shocks. Better access to 
markets, savings, and credit to improve wel-
fare overall and as self-insurance can help 
in dealing with smaller shocks. More formal 
insurance is needed to spread risk and speed 
up recovery during intermediate shocks. And 
social protection plays a role as public insur-
ance of last resort to speed recovery follow-
ing severe shocks when other measures are 
insufficient.

The simple layering approach can be 
used to understand the roles of individuals, 
markets, and governments in responding to 
shocks of different magnitudes (table  5.2). 
To navigate small but frequent shocks, 

	 TABLE 5.2  Individuals, markets, and governments have different roles in responding to different 
types of shocks

Frequency and severity of 
shocks Individuals Markets Governments
Frequent but low impact 
events

Incomes and 
Information 

Less frequent but larger 
impact events

Incomes, Information, 
and Insurance

Incomes (functioning 
factor and product 
markets), Information, 
and Insurance 

Incomes, Information, 
Insurance, 
Infrastructure, and 
Interventions (social 
protection)

Rare but extreme events Incomes, Information, 
Insurance, and 
Interventions

Interventions 
(particularly disaster 
assistance), building 
on the other Is

Source: Policy Research Report team.
Note: The highlighted cells represent the main actor for each type of shock.
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individuals can rely on self-insurance (pre-
cautionary savings), here individuals playing 
the most important role. For large but infre-
quent shocks (intermediate events), markets 
can provide insurance by pooling to spread 
risk across individuals so that information, 
insurance, and connective infrastructure will 
be relevant. However, for the largest calami-
ties affecting wider areas, market insurance 
may not be available at affordable premi-
ums, requiring governments to step in to 
provide emergency protection. Governments 
have different roles in tackling different size 
events. Clarifying the role of governments is 
important. Like individuals, governments face 
trade-offs. Investing more in resilience may 
come at the expense of investing in other pri-
ority areas, such as human capital. Their role 
in promoting growth and providing informa-
tion are relevant for all events. For events of 
intermediate size, their main role is to enable 
market development through insurance and 
infrastructure. But they take a leading role 
in providing financial and other assistance in 
recovering from extreme events.

Households, farmers, and firms differ in 
their ability to manage climate threats. Very 
poor people lack savings and rely on dis-
tress activities to cope with climate damage. 
Poor people have access to informal insur-
ance mechanism but are not well enough 
off to purchase formal insurance. The mid-
dle class have access to some formal credit 
and insurance. Rich people face no financial 
constraints and have access to financial 
and insurance tools. Information applies to 
all agents and all events. The same layer-
ing approach can be used to cater to their 
needs.6 This layering of policy instruments 
by severity of shocks and income status is 
being adopted in the design of resilience 
projects (box 5.10).

In sum: following four principles for 
policy packages
•	 Focus on helping individuals invest in resil-

ience. Households, farmers, and firms are 
not passive bystanders or irrational deci-
sionmakers, and policy makers should not 
treat them as such. Instead, policy makers  
should trust that individuals will actively 
engage in adaptation and coping when 
they have proper information and access 
to the required tools and resources. In 
this context, the role of markets and 
government is to enable and empower 
individuals to make informed adapta-
tion decisions. More broadly, this report 
argues that adaptation policies should put 
a greater emphasis on individuals’ own 
preferences and judgment, then mobilize 
markets where possible and rely on gov-
ernments where necessary.

•	 Prioritize the 5  I’s, according to the con-
text. Each of the 5  I’s addresses a differ-
ent aspect of the resilience challenge. An 
important characteristic of each is the 
degree to which it also serves broader 
development objectives. Income growth 
is a powerful driver of resilience, in large 
part because it generates resources that 
individuals can use to invest in adapta-
tion. Any policies that promote inclusive 
growth are therefore also effective resil-
ience policies. Likewise, better information 
improves decision-making and helps boost 
productivity, as does better infrastructure, 
which also increases individuals’ resilience 
options. For these instruments, the down-
side risk is more limited, and resilience 
benefits can often just be a bonus. Insur-
ance and targeted interventions, by con-
trast, aim primarily to reduce the impact 
of climate-induced damages, usually at 
a net cost. These instruments are often 



BOX 5.10

Layered financial products for pastoralists in the Horn of Africa

The Horn of Africa—one of the world’s poorest 
and most fragile regions and home to about 
50  million extremely poor pastoralists—faces 
severe drought. Pastoralism and livestock pro-
duction are the primary livelihoods, accounting 
for more than a third of agricultural GDP in most 
countries and around 80 percent in Djibouti and 
Somalia. Due to their vulnerability to drought, 
these communities accumulate large herds as a 
risk management strategy against droughts. But 
during droughts, they hold on to their herds for 
too long, so their animals die or are sold at very 
low prices.

The World Bank’s De-risking, Inclusion, and 
Value Enhancement of Pastoral Economies in 
the Horn of Africa (DRIVE) project is a collabora-
tive effort involving Djibouti, Ethiopia, Kenya, and 
Somalia. Its goal is to help pastoralists adapt 
to the impacts of climate change by providing 
access to financial services. The project also 
supports commercializing livestock production, 
investing in pastoralist communities, and includ-
ing women, marginalized groups, and vulnerable 
populations. Up to 1.6 million pastoralists stand 
to benefit. Historically, the number of pastoral-
ists engaging with formal financial services has 
been low. When a drought hits, these vulnerable 
communities rely on government emergency 
response or humanitarian aid.

Digital technology helps financial services reach 
pastoralists. In Ethiopia, Kenya, and Somalia, 

financial laws support mobile payments and 
mobile money. In Kenya, about 40  percent of 
pastoralists own a mobile phone, and 44 percent 
of women-headed households save through 
mobile money systems. The DRIVE index 
insurance products monitor pasture conditions 
through satellite technology. When the pasture 
falls below a certain level, an insurance payout is 
triggered automatically and paid directly to pas-
toralists through mobile money systems. The 
benefit of this technology is that it shifts from 
asset replacement to asset protection: the pay-
out allows pastoralists to buy water, fodder, and 
medicine to keep the core breeding stock alive 
during a severe drought rather than replacing the 
lost animals. Affected households receive rapid 
payouts at the onset of a drought, much faster 
than they would receive humanitarian assistance.

Smart subsidies have been put in place to 
reach a sustainable level at the end of this pro-
gram. This includes partial contributions from 
pastoralists (10–30  percent of the premium 
cost, except for those covered by social protec-
tion), capping subsidies by the number of ani-
mals, and calibrating premiums to country con-
ditions (higher in Kenya than in Somalia). After 
one year of implementation, the DRIVE project 
is already covering around 1  million people in 
Ethiopia, Kenya, and Somalia with payment 
accounts, savings, and insurance (Mahul 2024). 
About 60 percent of those covered are women.
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necessary, but their design is more com-
plex, and they should be considered once 
other instruments prove insufficient. The 
sequencing of these policy instruments will 
also depend on country context and the 
size of climate shocks.

•	 Use layering and bundling to build effec-
tive resilience policy packages. Resilience 
challenges are varied, and layering instru-
ments helps address heterogeneous needs 
and conditions among individuals, mar-
kets, and governments. There is consid-
erable complementarity among different 
policy instruments. Product-bundling prod-
ucts and policy layering take advantage of 
complementarities and address cognitive 
biases to incentivize resilience behaviors.

•	 Invest in data, policy experiments, research, 
and evaluation  for  evidence-based  policy-
making. Resilience policies cannot be made 
without some metric to measure their effec-
tiveness. More data on households, farm-
ers, and firms are needed to track resilience 
progress and to evaluate the effectiveness 
of resilience policies. Policy actions require 

experimentation to adapt them to local con-
ditions and a framework to evaluate their 
impacts on resilience outcomes. Policies 
must be updated based on their impacts on 
outcomes, and ineffective policies and proj-
ects should be dropped as effective ones are 
scaled up. A recent independent assessment 
concluded that most of the targets under the 
global goal on adaptation lack indicators suf-
ficient for tracking resilience progress, mean-
ing that substantial investment is needed to 
generate data and metrics for this purpose 
(Williams et al. 2024). The UAE–Belém work 
program—tasked with identifying resilience 
metrics—emphasizes increasing the qual-
ity and availability of data for local, national, 
and global planning and assessment, espe-
cially where current investment in data col-
lection and dissemination of climate risks 
and outcome measures lags behind existing 
capabilities. There is also a need for mech-
anisms to assess the appropriateness and 
reliability of metrics over time and to update 
or change them, as indicated by evidence of 
their usefulness.

Notes
1.	 See Suri et al. (2024) for a survey.

2.	 See National Center for Environmental Informa-

tion, “Global Forecast System (GFS),” https://www​

.ncei.noaa.gov/products/weather-climate-models​

/global-forecast and ECMWF, “Access to Forecasts,” 

https://www.ecmwf.int/en/forecasts/accessing​

-forecasts. 

3.	 For details, see Pazarbasioglu et al. (2020).

4.	 Digital land registries maintain accurate records on 

land ownership, plot boundaries, and transactions. 

These registries are often created and maintained 

using satellite imagery, GPS, aerial imaging, and 

machine learning. In many countries, population 

censuses often create village IDs, which may change 

over time. However, to be useful for digital finance 

and insurance, they should be unique.

5.	 See Lall and Deichmann (2012) for more detail.

6.	 See Hallegatte et al. (2018) for details.
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Adaptation: The ex ante process of increasing 
resilience and reducing vulnerability by altering 
behaviors, systems, and ways of life.

Ambiguity aversion: People’s dislike of uncer-
tainty. If offered a choice between two risky lot-
teries, one with known probabilities and another 
with unknown probabilities, an ambiguity-averse 
person will choose the former.

Climate risk: The possibility of loss from nat-
ural phenomenon (floods, storms, droughts, 
cyclones, earthquakes). The loss could be in 
lives, livelihoods, and living standards. The prob-
abilities of future shocks are known.

Coping: Short-term and ex post responses to a 
disaster that may not contribute to long-term 
resilience.

Deep climate uncertainty: The situation of not 
knowing what will happen from weather shocks. 
The probabilities of future shocks are unknown.

Disaster: A hazard’s negative effect on society.

Disaster risk: Uncertainty about disaster, a 
function of hazard, exposure, and vulnerability.

Expected utility: The expectation of satisfaction 
in different states when their respective prob-
ability is known. This is the workhorse of risk 
analysis.

Exposure: People and property subject to 
hazard.

Fatalists: People who believe climate change 
is serious but cannot be reversed by human 
actions.

Hazard: Natural phenomena (floods, storms, 
droughts, cyclones) with adverse effects on 
lives, livelihoods, and living standards.

Idiosyncratic shocks: Climate shocks that 
affect fewer individuals.

Loss aversion: The situation in which the dissat-
isfaction (utility) from a loss weighs much more 
heavily than the satisfaction from an equal gain. 
This weights utility in the loss domain higher than 
that in the gain domain. Loss and gain domains 
are determined by a subjective reference point.

Optimists: People who believe climate change 
to be less serious than projected. They under-
estimate the probability of damaging weather 
events.

Pessimists: People who believe climate change 
to be more serious than projected. They over-
estimate the probability of damaging weather 
events.

Pragmatists: People who believe climate 
change to be as serious as projected.

Resilience: The capacity to prepare for disrup-
tions, recover from shocks, and grow from a dis-
ruptive experience—the opposite of vulnerability.

Risk aversion: People’s dislike of risk. If offered 
a choice between a risky lottery with known 
probabilities versus a sure payment equal to 
the expected value of that lottery, a risk-averse 
person will choose the latter. It is usually mea-
sured by the curvature of the utility function: a 
concave utility function implies a diminishing 
marginal utility of income/wealth/consumption 
and yields a positive risk premium.

Systemic shocks: Climate shocks that affect an 
entire area, region, country, or groups of people.

Vulnerability: The tendency to be more 
adversely affected by hazards.
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Climate change is accelerating, and harmful weather events—such as extreme storms, droughts, 

heat waves, and wildfires—are becoming more frequent and severe. Lower-income countries suffer 

more deaths and lasting losses from disasters than richer countries. Climate shocks push vulnerable 

households into poverty and cause small businesses to fail, reversing development gains.

Rethinking Resilience urges developing countries to adopt policies that empower individuals, 

households, farms, and firms to take proactive measures. Current approaches rely too heavily on 

government programs and investments, such as subsidies and cash transfers, which are reactive 

rather than preventive. Developing economies lack the resources of high-income countries, making 

them more vulnerable.

To build resilience, developing countries should focus on raising household incomes, delivering 

reliable public information, and developing robust insurance markets. Resilience measures should 

prioritize income growth, reliable information, and private insurance, with infrastructure and pub-

lic interventions rounding out the package. Utilizing this five-pronged strategy, governments can 

empower households, farms, and firms to build resilience successfully.
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