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1. Introduction

Climate disasters are increasing in both frequency and severity. The impact of these climate shocks on sovereign
debt defaults remains an important research topic. Volz et al. (2020) map the transmission channels from what
they term physical and transition risks to sovereign risk through: (i) macroeconomic impacts, (ii) fiscal impacts of
disasters and fiscal pressures from adaptation and mitigation policies, (iii) climate related risks and financial
sector stability, (iv) depletion of natural capital, and (v) impacts of climate change on trade and political stability.
Because debt typically rises after disasters via financing recovery and reconstruction costs (Mejia, 2014), any
combination of these channels can amplify sovereign risk and push climate vulnerable countries toward default.
In fact, recent analysis revealed that climate shocks would further hurt long-term debt sustainability unless
countries invest in adaptation (Calcaterra et al., 2025b) to reduce future damages. However, adaptation is costly
and generally involves high upfront costs. If adaptation is financed by debt at market terms, it could increase debt
ratios today and accentuate debt vulnerabilities. On the contrary, delaying investments in adaptation could
preserve debt ratios today but at the cost of increased vulnerabilities to these shocks in the future. Hence, an
“impossible trilemma” is faced by countries that cannot strengthen their resilience to climate shocks without an
impact on debt sustainability.

Recent disaster episodes show how large the associated economic and fiscal losses can be. In the wake of
Hurricane Ivan, which struck Grenada in 2004, total losses were estimated at about US$1.1 billion representing
200 percent of GDP. As a result, debt levels spiraled from 80 percent of GDP in 2003 to 95 percent of GDP in
2004, and the country undertook a debt restructuring over 2004-2006. More recently, Hurricane Beryl (2024) was
estimated to have cost about a third of Grenada’s GDP.! In Dominica, Hurricane Maria (2017) caused about
US$931 million in damages and US$380 million in losses, which represented about 226 percent of 2016 GDP,
leading to significant negative effects on the performance of their economy, a surge in debt and a projected 21
percent external current account deficit for 2018.2 In 2019, Cyclones Idai and Kenneth devastated Mozambique,
Malawi and Zimbabwe with losses amounting to over $873 million in buildings, equipment, infrastructure and
crops.® The World Bank mounted a $191.7 million emergency recovery and resilience operation in an attempt to
cut fiscal losses from these cyclones.* The impact of climate-related events is not limited to the developing world.
They caused an estimated €822 billion in economic losses across Europe between 1980 and 2024, with over
one quarter of the cost incurred between 2021 and 2024.° There have been more than 400 climate-related events
in the U.S. since 1980, with total damages exceeding US$2.9 trillion.® These episodes reveal how climate shocks
can strain sovereign balance sheets in advanced and developing economies alike, with significant fiscal
consequences: damaging physical assets and infrastructure and requiring substantial expenditures on relief
programs and reconstruction costs. The Global Commission on the Economy and Climate (2016) estimated that
roughly US$90 ftrillion in sustainable climate resilient infrastructure will be needed by 2030, underscoring the
sizeable fiscal challenge.”

Climate disasters tend to depress output growth and cause losses that countries do not fully recover from
(Felbermayr & Groschl, 2014; Strobl, 2011; Hsiang & Jina, 2014) and raise consumer price inflation with
persistent effects on food prices (Parker, 2017). They also widen fiscal gaps through recovery and reconstruction

' Reuters, July 30, 2024.

2 ACP-EU Natural Disaster Risk Reduction Program, The World Bank, GDFRR, IMF Country Report Volume 2018/Issue 265.
3 World Vision, Kathryn Reid, March 5, 2020.

4 World Bank, September 30, 2019.

5 European Environment Agency, October 14, 2025.

6 National Oceanic and Atmospheric Administration, 2025

7 New Climate Economy 2016 Report
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costs (Mejia, 2014), affect firm-level productivity and the cost of debt (Cevik & Miryugin, 2023; Kling et al., 2021)
and cause sovereign distress (Agarwala et al., 2021; Beirne et al., 2021; Cevik & Jalles, 2022a; Kling et al., 2018;
Klusak et al., 2023; Seghini, 2024a) which may lead to debt defaults. Against this backdrop, we examine whether
investing in climate adaptation using concessional financing can help build resilience, reduce disaster-induced
damages and lower default probability without imperiling debt sustainability.

To address this question, the paper proceeds in three steps. First, we revisit the relationship between climate
shocks and sovereign debt defaults by estimating the impact of shocks on default probabilites with a
methodology adapted for rare events. Using a cross-country database of climate shocks merged with default
episodes (Asonuma & Trebesch, 2016), we find that climate shocks have a positive statistically and economically
significant impact on default probability, robust across different estimations, income groups and to the use of an
alternative default dataset from the Bank of Canada/Bank of England which allows splits by creditor type.?
Second, we assess whether a country’s adaptive capacity (the ability to absorb and recover from climate shocks)
mitigates the economic damages from climate disasters. Holding other factors constant, higher adaptive capacity
is associated with a reduced marginal economic impact of additional disasters. Finally, we examine whether
access to concessional financing contributes to building adaptive capacity by estimating panel regressions of
adaptive capacity on Official Development Assistance (ODA) disbursements. We find that ODA (in both nominal
US$ terms and in percent of GDP) tends to be positively associated with improvements in adaptive capacity. We
then map the estimated coefficients to implied changes in damages and default probabilities using a partial
equilibrium, back-of-the-envelope calculation. We find that ODA is associated with stronger adaptive capacity,
which in turn tends to attenuate damages and lower default probability. Given that ODA disbursements are likely
endogenous, despite the inclusion of controls, our results should be interpreted as associations, rather than
causal effects.

Our contributions are threefold: First, we replace broad structural vulnerability measures used in past empirical
work with climate event-level macroeconomic loss measures tying the climate-default link to realized shocks.
Second, we address rare event bias in sovereign default estimations by using a methodology tailored to such
events. Third, we extend the empirical contribution by pricing the policy lever. We translate the estimated
coefficients into budget relevant US dollar magnitudes and ODA to GDP ratios required to offset the climate
disaster-induced increases in default probability. This allows us to evaluate how access to concessional financing
can strengthen adaptive capacity and attenuate the effect of climate shocks on sovereign default probabilities.
The remainder of the paper is structured as follows: we give an overview of the literature in Section 2, discuss
our data and methodology in Section 3, and some stylized facts in Section 4. Section 5 presents the empirical
strategy and results. Section 6 concludes.

2. Literature Review
This paper is related to the following strands of literature. First, our paper is related to the growing literature that
documents how climate vulnerability is priced into sovereign risk premia via bond spreads and ratings. Using the
ND-GAIN vulnerability indices, Beirne et al. (2021), Cevik & Jalles (2022a, 2022b, 2023), and Kling et al. (2018)
show that climate risk is a first-order driver of sovereign credit conditions, with more exposed sovereigns facing
higher borrowing costs. For developing countries, Cevik & Jalles (2022b) quantify an effect of about 15.55 basis

8 Asonuma & Trebesch (2016), scholarly sovereign default database, Journal of the European Economic Association

The Bank of Canada/Bank of England sovereign database which classifies defaults and arrears by creditor type (official — IMF,
IBRD, IDA, Paris Club, China, other official; private — foreign currency (FX) banks, FX bonds, other private; domestic — local
currency (LC) debt, domestic arrears)
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points on spreads, while Kling et al. (2018) estimate that for the V20 group, the sovereign debt cost is about
1.174 percent higher, translating to over US$62 billion in the past decade.® Klusak et al. (2023) project systematic
climate induced downgrades to sovereign credit ratings under warming scenarios as early as 2030. Using
monthly Emerging Market Economies (EME) data, Boehm (2022) finds that rising temperatures undermines
sovereign credit. A 1°C anomaly lowers EMBI returns by about 0.46 percentage points on average, implying
higher borrowing costs. We build on this strand by shifting the outcome from spreads/ratings to the default event
itself, employing a robust methodology and exploiting realized economic damages (in percent of GDP) as the
climate shock.

A second strand of the literature studies sovereign debt sustainability in the context of climate shocks and how
adaptation can reshape debt dynamics. Cheng & Chang (2025) highlight that disaster shocks raise sovereign
risk through higher external debt service or government expenditure; Agarwala et al. (2021) emphasize that
disasters destroy assets and public infrastructure which require significant expenditure on repair and
reconstruction; Seghini (2024b) shows that climate-related costs can tip highly indebted countries into
unsustainable territory. Stress testing and debt sustainability frameworks indicate that higher disaster frequency
strain public finances. For a global sample of countries, Calcaterra et al. (2025b) find that expected debt servicing
costs increase by up to 3 percent of GDP under high climate impact scenarios, with considerable country
heterogeneity and that long-run debt trajectories of highly impacted countries become unsustainable. They also
show that appropriately calibrated adaptation can lower these debt pressures and the implied risk premia.
However, if financed on non-concessional terms, it can tighten the primary balance and push up the debt
stabilizing fiscal adjustment.’® To extend the analysis, this paper focuses on adaptation investment financed on
concessional terms using ODA as a share of GDP. Model-based papers formalize the mechanism. Mallucci
(2022) embeds adaptation capital into a sovereign default environment for seven Caribbean countries and finds
that countries exposed to climate shocks may need contractual innovations like disaster clauses and
concessional finance to continually access financial markets as risks increase. A complementary literature (Duffy,
2025) augments a standard sovereign default framework for emerging economies with endogenous public
adaptation capital that accumulates over time and reduces disaster damages, showing that higher disaster
frequency raises default risks and spreads while adaptation lowers both. They highlight that default risk tightens
the fiscal space and budget, and this may in turn increase the costs of climate change by limiting investments in
adaptation. They argue that debt relief type instruments like low-cost loans and adaptation linked bonds could
expand the fiscal space, raise adaptation and lower disaster induced losses. In these frameworks, adaptation is
not merely a resilience policy but a tool that can be used to reduce future damages that tighten sovereign balance
sheets and constrain nations. This paper shows empirically, in a broad cross-country panel, that adaptation can
dampen disaster damages.

Finally, our paper complements papers and policy reports that highlight the importance of concessional financing
to raise adaptation at the scale necessary for sovereigns subject to climate shocks and debt vulnerabilities. Inger
Anderson (United Nations Environment Programme, UNEP) underscores that scaling climate finance must begin
with investing in adaptation and prioritizing grants, concessional and non-debt creating instruments to avoid
adding to vulnerable countries’ debt burden.!” Complementing this, the UNEP Adaptation Gap Report (2025)
cautions that although about 70 percent of international public adaptation in 2022—-2023 was concessional, non-

9V20 = Vulnerable twenty group

'° The authors stress test debt sustainability under the Intergovernmental Panel on Climate Change (IPCC) marker narrative
scenarios (SSP2-RCP4.5).

" Inger Anderson, Executive Director, United Nations Environment Programme (UNEP), Adaption Gap Report 2025
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concessional debt instruments still dominated flows, raising affordability and equity concerns and risking an
adaptation investment trap that could deepen vulnerabilities.'? Bhattacharya et al., (2023) argue that
concessional finance, while scarce, is the most vital resource for a climate resilient society, calling for a fivefold
increase by 2030. Echoing this, the IMF’s 2023 Climate Staff Note quantifies the 2030 concessional adaptation
finance needs at about US$30 billion for Low-Income Countries (LICs) and US$10 billion for Small Developing
States (SDS) with total grant requirements for mitigation and adaptation at around US$42 billion per year."*We
contribute to this strand of literature by translating our empirical results into a policy relevant implication for ODA,
by linking cumulative ODA and ODA as a share of GDP to improvements in adaptive capacity, reductions in
disaster damages and implied declines in debt default probability of vulnerable countries.

3. Data and methodology

This paper uses a variety of data sources. To implement our research strategy, we create a sovereign default
variable using the comprehensive default database by Asonuma and Trebesch (2016). We define sovereign
default as a failure to meet debt service obligations and a non-honoring of original debt agreements. This includes
missed coupon payments and event-type restructurings with either no legal default or no unilateral default
episode. While the database is at a monthly frequency, we convert default episodes to an annual basis and mark
a country “in default” throughout the duration of the default spell. The default variable is equal to one when the
country is considered in default, and zero otherwise. In total, there are 196 default events. A complementary
default measure was constructed using the sovereign default database from the Bank of Canada/Bank of
England. This dataset provides estimates of the nominal value of government debt in default by type and creditor
and includes foreign and local currency denominated bank loans, bonds and debt by multilateral organizations,
Paris Club and other private creditors. For each country, in a given year, the country is considered in default
when the stock of arrears increases by more than 100 percent compared to the previous year, provided the
previous year's stock of arrears is positive. The default variable is set at one in those years, and zero otherwise.
As robustness, we also split the default dataset by creditor (official — IMF, IBRD, IDA, Paris Club, China, other
official; private — foreign currency (FX) banks, FX bonds, other private; domestic — local currency (LC) debt,
domestic arrears).

Disaster events-level data are obtained from the Emergency Events Database (EM-DAT). EM-DAT contains data
compiled from different sources on the occurrence of natural disasters, including meteorological, hydrological,
climatological, geophysical and biological events across the world since 1900. A record enters the EM-DAT
database if it has at least one of the following: 10 fatalities, 100 affected people, a state of emergency declared
or a call for international assistance. The disasters of interest for this analysis are meteorological and hydrological
disaster events: drought, extreme temperature, flood, landslide and storms. Multi-year disasters, such as
droughts, enter the panel according to the year in which EM-DAT records the event and its associated damages.
Our variable of interest is the economic impact variable, “Total Economic Damage”, which we aggregate across

21n 2016, UNEP estimated costs of adaptation for developing economies to be between US$56 to US$73 billion, potentially rising
to about US$140 to US$300 billion by 2030.

3 In this context, the IMF launched the Resilience and Sustainability Facility (RSF) in 2022, which provides concessional long-term
financing for eligible low- and middle-income countries to raise their climate resilience. By supporting countries to implement
credible climate-related reforms and stronger macroeconomic policy, the RSF also plays a role in catalyzing private climate
finance.

4 As there is no standard threshold for a rise in arrears stock to determine when a country is facing debt default, a 100 percent
threshold was selected as a somewhat stringent alternative to our main criterion for debt default when using the BoC/BoE data.
We use both databases as published without extending their temporal coverage. Our contribution is in merging these default
episodes with disaster event level economic damages from EM-DAT to construct a panel linking climate shocks to sovereign
defaults across 178 countries from 1995 to 2020.
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all events in a given country and year and scale by nominal GDP.'> '® This naturally scales the shock by the size
of the economy and captures the intensity of the impact. This method also aggregates the different disasters into
one severity metric per year.'” Disaster counts ranges from 0 to 34 events per country-year. About 44 percent of
country-year observations record no disasters while only a small share record more than 19 in a year. The EM-
DAT database also reports data on human impact metrics (total deaths, number injured, total number of people
affected) and other economic impact variables (reconstruction costs, insured damage). We proxy adaptive
capacity using the ND-GAIN'’s adaptive capacity component indicators from the following components: (i) Food,
with Agricultural capacity, (i) Water, with Dam capacity and Access to reliable water, (iii) Ecosystems, with
Ecological footprint and Engagement in international environmental conventions, (iv) Habitat, with Paved roads,
and (v) Infrastructure, with Projected change of hydropower generation capacity. We construct the adaptive
capacity index by averaging across the indicators for each country’s observation. Higher index values denote
more adapted countries.

Concessional financing refers to below market rate financing (grants, low to zero interest loans with longer
maturities or grace periods) that can be used to finance development projects (World Bank, 2021)."® We proxy
concessional financing with ODA disbursements from the Organization for Economic Co-operation and
Development - Development Assistance Committee’s (OECD-DAC) Creditor Reporting System (CRS). ODA is
mainly composed of government aid grants or soft loans from bilateral and multilateral donors to aid recipients
in areas such as sustainable development, health, sanitation, education and infrastructure.' The OECD is the
only official source of detailed, granular, reliable and consistent ODA from donors. Since 2018, OECD-DAC
reports ODA on a grant equivalent basis. This provides a measure of loan concessionality which enables the
comparison of aid flows between grants and concessional loans.?® Consistent with this, recent DAC statistics
indicate that about 85 percent of ODA and 64 percent of bilateral concessional financing are provided as grants,
underscoring ODA’s suitability as an operative proxy for concessional financing.?! At the same time, ODA should
be interpreted as an imperfect proxy for concessional resources that may support adaptive capacity. ODA serves
as a primary channel for climate finance for vulnerable countries, supporting adaptation and mitigation, enhancing
resilience and sustainable development (Rauniyar et al., 2025). Despite this, not all ODA is adaptation-related
and only a part of it is likely to be directly connected to climate resilience. While adaptation targeted ODA would
likely be more effective in this scenario, consistent long-run data on such targeted flows are not available for our

S EM-DAT notes that Economic losses are systematically underreported. Hence, one should interpret damage/GDP as a lower bound.
We do not use the insurance damage variable because insurance penetration may be low in some places. Total damage has the
broadest coverage and in many events in our sample, the insured value is missing while total damage is available. In our sample,
Total Damage is available for 183 countries and 1406 country—year datapoints, whereas Insured Damage is available for only 86
countries and 402 country—years (i.e., about 71 percent of observations missing among country—year datapoints with Insured
Damage), so adopting Insured Damage would exclude 97 countries from the analysis. See EM-DAT documentation:
https://doc.emdat.be/docs/data-structure-and-content/emdat-public-table/

6 IMF WEO database

7 This approach aligns with prior empirical literature which typically uses damages to GDP ratios as proxies for the macroeconomic
intensity of disaster shocks. However, not all climate impacts are captured by immediate damage estimates. Droughts, for example
can have diffuse and persistent effects, so our country year aggregation may mask heterogeneity across disasters that differ in
duration, persistence, and transmission channels. Still, damage as a share of GDP is a broad indicator of how severe a year’s
disasters were economically. For robustness, we refine this with more granular indices by constructing an exogenous precision
weighted climate shock index a la Felbermayr & Groschl (2014) (see appendix).

8 World Bank 2021, News feature

% Grants do not add to debt stock; concessional loans add to debt but at below the market terms thus lowering debt service relative
to commercial borrowing. We do not assume automatic or guaranteed debt forgiveness or debt relief of ODA disbursements, but
it is sometimes possible and policy contingent.

2 https://www.oecd.org/en/topics/official-development-assistance-oda.html

2! Modernizing Official Development Assistance, OECD Data insights, March 17, 2025
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full sample period.?? For this analysis, we use disbursements rather than commitments to capture actual financial
flows.?® For each country year, we construct (i) the cumulative flow of ODA up to year t and (ii) the cumulative
ODA stock as a share of GDP, with the latter used in step 3 of our empirical strategy to scale financing needs to
country size.?

Macroeconomic variables are drawn from the International Monetary Fund’s (IMF) World Economic Outlook
(WEO), International Financial Statistics (IFS) data and the World Bank’s World Development Indicators (WDI).
Following Cevik & Jalles (2022a) and the solvency literature (e.g. Manasse and Roubini, 2005), we include real
GDP growth and GDP per capita, inflation, debt as a share of GDP, financial development measured by domestic
credit to the private sector as a share of GDP, terms of trade, and real effective exchange rate (REER) index
(where available). We also include disaster frequency as a control. With these variables, we create a panel
dataset spanning 1995-2020 for 178 countries.

4. Stylized Facts
We document a set of descriptive patterns in our dataset that motivates our empirical strategy.

Stylized Fact 1: Countries with a higher vulnerability measure face significantly higher predicted default
probability.

A conditional fixed effects logit of default probability on the ND-GAIN vulnerability index shows that as
vulnerability increases, the predicted probability of default rises steeply. Figure 1 plots predicted default
probabilities from a country fixed effects logit as vulnerability varies with 95 percent confidence intervals. As
vulnerability rises from 5 to 40 percent (0—100 scale), the model-implied probability rises from about 0.2 to over
0.8. Beyond a vulnerability measure of 45 percent, default probability remains elevated. These are descriptive
correlations and are not to be interpreted as causal effects. A conditional logit while robust to time invariant
heterogeneity can still suffer small sample bias in rare events.?> The ND-GAIN vulnerability measure may also
embed economic variables that raise endogeneity concerns (Kling et al., 2021).2 This is in line with other findings,
such as the Intercontinental Exchange (ICE) Sustainable Finance which posits that, conditional on standard
development and macroeconomic controls, sovereigns with a higher ICE Physical Risk Scores tend to face higher
default risk. They document that moving from a score of 0 to 5 is associated with an 18.5 percent higher
probability of default on average, which translates to about 3.7 percent per point increase in their score.?’

22 We do not use climate tagged ODA as our main concessional financing measure because the adaptation marker is only available
post 2009 which would truncate our 1995 — 2020 panel. Climate related ODA targeting adaptation began in 2010 after
Copenhagen (COP 15), during which climate related ODA expanded both in volume and recipient coverage. (Masum 2018;
Rauniyar et al., 2025).

2 This is because commitment data is less informative on the actual financial flows that countries receive each year, compared to
disbursements,

24 While the Green Climate Fund (GCF, established under UNFCCC in 2010), Global Environment Facility (GEF, piloted in 1991)
and Adaptation Fund (established in 2001, operational in 2009) are central to the climate finance architecture, their data series
are shorter, project based and are not reported in OECD-DAC grant equivalent terms for comparability of concessionality and
therefore, not used in this analysis. Our estimates using ODA (in nominal terms and as a percentage of GDP) are associational
and likely represent a lower bound of the damage attenuating effect of concessional finance.

2425 These concerns motivates our empirical choices: (i) we estimate bias reduced rare events logits to mitigate small sample bias
and (ii) we rely on an outcome based disaster intensity measure (total economic damage) from EM-DAT as a share of GDP.

27 |ICE 2024, The link between physical climate risk and sovereign default. Using the BoC/BOE sovereign default database, they find
that between 1995 — 2020, countries with historically high ICE Physical Risk Scores have all defaulted at least once.
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Figure 1. Predicted default probability from a conditional fixed-effects logit model with 95 percent confidence intervals. Note:
The figure plots predicted default probabilities as the ND-GAIN vulnerability index varies. Higher values indicate greater
climate vulnerability. The specification used is Pr(default;, = 1) = A(Bvulnerability;, , + p; + ,). Sources: Asonuma &
Trebesch (2016) sovereign default database; ND-GAIN; authors’ calculations.

Stylized Fact 2: Defaults are rare and differ by creditor type.

In our panel, default occurs in about 4 percent of country year datapoints. Evidence among 178 countries shows
that a small set of sovereigns (e.g., Cote d’lvoire, Republic of Congo, Iraq, Tanzania, Serbia etc.) features
repeated defaults, accounting for roughly half of all observed episodes.?® In the BoC/BoE creditor disaggregated
panel (also from 1995 to 2020), official creditors are most commonly involved in default episodes largely via
“other official” creditors (about 59.4 percent) and Paris Club (about 9 percent) with IDA, China, IMF and IBRD
each less frequent. On the private side, “other private” and foreign currency banks feature more often.?® Figure
2 shows the Top 20 countries by number of default episodes. This is in line with the literature finding that defaults
are infrequent events. D’Erasmo and Mendoza (2019) simulate a quantitative model that yielded a 1.21 percent
long-run frequency of domestic defaults aligning with the 1.1 percent evidence from Reinhart-Rogoff (2008)
sovereign dataset.®°

2 Asonuma and Trebesch (2016). This dataset (used in our baseline estimates) covers sovereign debt restructurings with private
external creditors such as international banks and bondholders over the past decades and does not capture HIPC debt relief
though HIPC countries remain in the sample.

2 BoC/BoE Sovereign default database: What's new in 2021? This dataset tracks arrears across all creditor types and HIPC related
arrears is reflected across official creditor types including Paris Club, non-Paris, IMF, IDA, IBRD.

30 Reinhart-Rogoff (2008) long run frequency of sovereign domestic defaults over the last two centuries (68 times over 250 years) is
summarized and used as a calibration target in D’Erasmo and Mendoza (2019).
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Figure 2. Distribution of Sovereign Defaults: top 20 countries by frequency. Notes: The figure reports the number of

sovereign default episodes by country in the Asonuma and Trebesch (2016) database and shows the 20 countries with the

highest frequency of defaults in the sample. Sources: Asonuma & Trebesch (2016) sovereign default database; authors’

calculations.

Stylized Fact 3: Disaster losses are highly clustered and unevenly distributed.

In our dataset, most countries lose well under 1 percent of GDP to disasters in a typical year, but a small subset
repeatedly faces large macroeconomic losses. Figure 3 compares annual total disaster damages as a share of
GDP across countries in 2000 and 2020. The geographic pattern is uneven, with Central America and the
Caribbean, South and East Asia and parts of Sub-Saharan Africa having a disproportionate share of high damage
observations. These cross-sectional maps of realized damages reinforce forward-looking projections of the
uneven burden of climate damages. Using country-level data and temperature growth estimates, Kahn et al.
(2019) and Volz et al. (2020) project global GDP per capita losses from climate change by 2030, 2050, and 2100
under standard IPCC pathways. They project global GDP per capita to be between 1.07 and 7.2 percent lower
by 2100. These projections imply sizable long-run GDP per capita losses under high warming paths, with marked
heterogeneity across regions and especially large projected losses in parts of Southeast Asia.3! %

31 Ulrich Volz, The School of Oriental and African Studies (SOAS) at University of London. Climate Change and Sovereign Risk:
Launch Event, scheduled during the IMF/World Bank Group 2020 Annual meetings, on YouTube.

32 |IPCC = Intergovernmental Panel on Climate Change, a body of the United Nations. IPCC standard pathways are a set of climate
change scenarios used to explore how future global changes could impact emissions and warming.
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Figure 3. Annual total disaster damages as a share of GDP across the world, 2000 vs. 2020. Notes: For each country-year,
damages are constructed by aggregating all relevant climate-related EM-DAT losses within the year and scaling by nominal
GDP. Sources: EM-DAT; IMF; authors’ calculations.

Stylized Fact 4: ODA is modest on average, concentrated in Low-Income Developing Countries (LIDCs)

ODA inflows are modest for most countries, more concentrated in LIDCs than in EMEs. Over 1995-2020, the
median ODA to GDP ratio is 1.72 percent for the full sample, 0.59 percent for EMEs and 4.85 percent for LIDCs.
The means are higher, 4.45, 2.27 and 7.16 percent respectively. In terms of dollar amount, the median (mean)
annual ODA is US$231 million (US$655 million) overall, US$158 million (US$543 million) for EMEs with LIDCs
reaching US$386 million (US$770 million).%3

Official Development Assistance (ODA), 1995-2020

ODA Summary
Metric All EMEs LIDCs
ODA as Share of GDP (%)
Median 1.72 0.59 4.85
Mean 4.45 2.27 7.16
Maximum 90.99 7713 90.99
ODA Disbursements (USD millions)
Median Annual Value 231 158 386
Mean Annual Value 655 543 770
Maximum Annual Value 21,700 21,700 12,400

Notes: Figures summarize country-year observations of ODA from 1995-2020. Sources: OECD-DAC CRS; authors’
calculations.

5. Empirical Strategy and Results
Our strategy proceeds with the following three steps. We begin by employing a logit specification to investigate
how climate shocks affect sovereign debt default probability. We follow Cevik and Jalles (2022a) in modeling
sovereign default as a binary outcome and in using conventional macroeconomic controls. We depart from their
approach in two different ways: by measuring climate risk using realized economic damages rather than the ND-

33 Source: OECD — DAC CRS; authors’ calculations.
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GAIN vulnerability indices and introducing a specific treatment for rarity (we also use a different sovereign default
database).** These adjustments improve the interpretability of our coefficient estimates. Sovereign defaults are
indeed rare events as they make up only about 4 percent of our sample. In this context, standard logit estimates
would suffer from a small sample bias. We therefore use Firth’s bias reduced logit to handle the infrequent events.
Specifically, rarity can coincide with quasi-separation and Firth’s bias reduced logit introduces a Jeffreys prior
penalty to the maximum log likelihood, correcting small sample bias and stabilizing estimates when separation
is a risk. Firth is therefore useful not only for the rarity of events, but for the possibility of a small number of cases
on the rarer of the two outcomes.*® In this model, we estimate the following:

Pr(default;, = 1) = A(a+ Bdamage; 1 + V' Xipq + 1 + )\t) ¢))

where default;, is the indicator equal to 1 if country i is in default in year t, damage;,_, is the climate shock
measure in i at t — 1 with total economic damages from climate related hazards (drought, extreme temperature,
flood, landslide, storm) scaled by nominal GDP, X;,_, is the vector of lagged macroeconomic controls (i.e., real
GDP growth, log real GDP per capita, inflation, debt as a share of GDP, financial development and terms of
trade), u; and A, are country/income group and year fixed effects. Given that disasters depress GDP on impact
(Felbermayr & Grdschl 2014), we expect default stress and fiscal strains to typically emerge in the following
budget cycle following the disaster year. Since the extent of economic damages caused by natural disasters may
be correlated with other omitted economic variables, we introduce the lag structure to illustrate the time evolution
of disaster effects. Our standard errors are clustered at the country level where applicable.

Table 1 presents rare events logit model for the full sample of countries and separately for EMEs and LIDCs.
The results from the standard logit are also presented for comparison. The odds of default tend to be higher for
countries that experienced larger disaster losses in the previous year. Depending on the sample, a one
percentage point increase in disaster related losses raises the odds of default by approximately 2-3 percent,
robust across logit and rare events logit models. When we focus on EMEs, the results remain significant.
However, they are no longer significant when focusing on LIDCs, despite a positive coefficient.*® For context,
long horizon studies show that average global default rates are about 7 percent for advanced economies and
about 17 percent for developing countries (Qian & Roch, 2024). Fitch ratings (2025) noted that default rate fell to
1.9 percent in 2024 from 5.5 percent for speculative grade debt while overall sovereign default rate is 0.9 percent
from 2.6 percent in 2023. The ICE Physical Risk Score predicts an increase in sovereign default probability of
about 3.7 percent with estimates in a similar range in related work (Cevik & Jalles, 2022a). Our estimated
probability of default from climate shocks is thus a sensible yardstick for policy work. As a robustness check, we
re-estimate our baseline default regressions excluding pre-2000 observations to address possible time bias
documented in earlier EM-DAT data. The results are essentially unchanged: the coefficient on damages (% of
GDP) remains positive and statistically significant for the full sample and for EMEs, while remaining positive by

34 Cevik and Jalles (2022a) consider rare events as a robustness measure.

B L(B)=L(B)+1/2 loglI(B)]

where L*(B) is the firth log, L(B) is the standard log-likelihood and | I(B) | is the Fisher information matrix to the standard log.
The1/2:log | I(B) | term corresponds to the Jeffreys prior penalty and reduces small sample bias and separation problems.

Firth (1993); Heinze and Schemper (2002), Allison (2012)

36 Under the HIPC initiative, 37 countries (31 in Africa) received debt relief from multilateral (IMF, IDA, IBRD), Paris Club and other
bilateral and commercial creditors (World Bank, 2024; Beers et al., 2021b). The Asonuma & Trebesch (2016) database used for
our baseline in Table 1 covers restructurings with private creditors only, though some post-HIPC countries have subsequently
defaulted on new private loans and bonds (Beers et al., 2021b). The insignificance of the LIDC coefficient is therefore not driven
by HIPC contamination and may instead reflect the small sample size or other factors beyond climate shocks.
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statistically insignificant for LIDCs. The effects of disaster damages on sovereign default probabilities also remain
robust when we split defaults by creditor type in the Appendix (Figure A.1) and when we control for IMF-supported
programs that coincide with debt restructuring episodes (Table A.2).

Table 1. Logit and Rare-Events Logit Specifications of default indicator on lagged disaster damages

(1) (2) ©) 4)

Logit Rare Logit Rare Logit Rare Logit
Default dummy ALL ALL EME LIDC
damage (% GDP) 0.025" 0.026" 0.021 0.097

(0.010) (0.011) (0.012) (0.120)
GDP growth -0.119° -0.101™ -0.125™ -0.053

(0.070) (0.023) (0.048) (0.037)
log (GDP per 2.830 0.583™ 0.014 1.413™
capita)

(3.554) (0.194) (0.335) (0.334)
inflation 0.079 0.000 0.046™ -0.087™

(0.047) (0.011) (0.017) (0.030)
debt (% GDP) 0.051™ 0.006™ 0.021™ 0.002

(0.010) (0.002) (0.004) (0.002)
financial 0.052 -0.005 0.001 -0.068™
development
indicator

(0.035) (0.006) (0.007) (0.027)
log (terms of -3.646" -1.848™ -0.665 -1.952"
trade)

(2.108) (0.434) (0.772) (0.606)
Observations 466 3031 1469 939
Country FE Yes No No No
Year FE Yes Yes Yes Yes
Income Group FE No Yes No No

Notes: Table 1 presents estimates from Equation (1). Column (1) reports the standard logit benchmark and columns (2)-(4)
report the preferred rare events logit specification. Standard errors in parentheses. Robust standard errors clustered at the
country level. * p < 0.10, ** p < 0.05, *** p < 0.01

Having established the baseline effect of climate disasters on sovereign default, we now look at whether
investments in adaptation can attenuate the macroeconomic damage these disasters inflict. We regress
economic damages from climate shocks on adaptive capacity, with adaptive capacity both as a standalone
variable and as an interaction term with disaster frequency in a fixed effects panel regression of the form:

damage;, = a; + A + fdis;, + Oadapt;; + ¢ - (adapti,t X disl-,t) +y'Xi + i (2)

where damage; , is the economic damage variable used as the main explanatory variable in equation 1, dis;, is
disaster frequency across the five types of climate events considered (droughts, heat episodes, floods, landslides
and storms) in country i at time t, adapt;, is the adaptive capacity index constructed, adapt;, x dis;, is the
interaction term. X; . is the vector of macroeconomic controls (i.e., real GDP growth, log real GDP per capita,
inflation, debt as a share of GDP, financial development and terms of trade), a; and A, are country and year fixed
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effects respectively. In this specification, we expect the interaction term’s coefficient ¢ to be < 0, implying that
higher adaptation dampens the marginal damage of an additional disaster. 8 + ¢ is the marginal effect of
disasters at a particular adaptation level and B is the change in damages per unit increase when adaptation level
is zero.These results are presented in Table 2. An additional disaster increases damages by approximately 0.35
percentage points of GDP at very low adaptation for all countries and by approximately 0.51 percentage points
of GDP for EMEs, but the effect shrinks by 0.04 percentage points for every 10-point increase in the adaptation
index for the full sample. In EMEs, the attenuation is stronger (0.07 percentage points shrinkage per 10 points).
In Figure 2, we illustrate the results by plotting the predicted margins from the interaction specification. The top
row holds the adaptation levels fixed at 10 and 80 (for less vs. more adapted) and varies the number of disasters
along the x-axis. Disaster damages increase with disaster frequency under low adaptation levels, but the slope
is flatter under higher adaptation, illustrating the attenuation effect. In the second row we have disaster frequency
fixed at 5 and 15 for the full sample and EMEs (it is fixed at 5 and 10 for LIDCs) and varies the adaptation level.
Damages decline monotonically with adaptation, and the decline is steeper when disaster frequency is higher.
The confidence interval bars indicate that these patterns are statistically distinguishable over most of the range
for the full sample and for EMEs. For LIDCs, the difference is not statistically significant, in line with the interaction
coefficient reported in Table 2.3

Table 2. Panel regression of disaster damages on disaster frequency and adaptation capacity

(1) (2) (3)

Damages All EME LIDC
adaptive_capacity 0.008 0.033 -0.004
(0.010) (0.029) (0.005)
disaster frequency 0.346™ 0.513™ 0.275
(0.103) (0.161) (0.187)
interaction -0.004™ -0.007™ -0.005
(0.002) (0.002) (0.004)
Observations 3031 1469 939
Country FE Yes Yes Yes
Year FE Yes Yes Yes

Notes: Table 2 reports estimates from Equation (2). Standard errors in parentheses. Controls are included but not reported.
*p <0.10, ** p < 0.05, ** p < 0.01

37 Figure 2 restricts the margins plots to the empirically relevant support of each sample. The lack of interaction term significance for
LIDCs may be due to several factors, including small sample size and the likely underreporting of disaster damages in LIDCs.
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Finally, we look at whether ODA concessional finance can contribute to build adaptive capacity and through the
attenuation channel documented above, help lower default probabilities. In that case, concessional financing
could offer a way out of the ‘impossible trilemma’, by allowing countries to finance investments in adaptation that
ultimately help reduce climate shock induced default risk. We proceed in two steps: (i) study the relationship
between ODA disbursements and adaptive capacity, (ii) do a back-of-the envelope calculation to map those
estimates via the adaptation-damage and damage-default links into implied changes in default probability. We
estimate two parallel fixed effects panel regression:

adapt;, = a; + A, + ftot_oda; ;1 + V' X; -1 + &t (3a)
adapt;; = o; + A, + Btot_oda_GDP;;_; + V' X; ;-1 + & (3b)

where adapt;, is the adaptive capacity index used in equation (2), tot _oda;,_, is the cumulative stock of ODA
disbursements lagged by one year and tot_oda_GDR,_, is the same cumulative stock of ODA as a share of GDP
lagged by one year, X;,_;, a;, A, are the lagged vector of controls (i.e., disaster frequency, log GDP, real GDP
per capita), country and year fixed effects respectively. We expect both 3 > 0, implying that greater concessional
financing as proxied by ODA is associated with stronger adaptive capacity. We present results from both
specifications in Table 3a and b.

In (3a), because tot_oda is in millions of USD, a beta coefficient of 0.00013 means 1 billion more in total ODA
accumulated since 1995 is associated with a 0.13 point increase in adaptive capacity. The average annual ODA
inflow is $632 million and cumulative ODA received since 1995 is $4.3 billion. The effect estimated is meaningful
across all income groups. Even modest increases in ODA are associated with improvements in adaptive capacity,
which tend to lower disaster damages, as shown in Table 2.

Table 3a. Panel regression of adaptive capacity on lagged ODA disbursements

(1) (2) (3)
Adaptive Capacity All EME LIDC
total ODA 0.00013™ 0.00009™ 0.00015™
(0.00003) (0.00004) (0.00006)
disaster frequency -0.0081 -0.0334 0.2838’
(0.0501) (0.0502) (0.1426)
log (GDP) 0.33217 0.3515" 0.5079
(0.1440) (0.1621) (0.4640)
log (GDP per capita)  3.0560 0.6900 8.3325™
(1.4527) (1.5991) (2.4687)
Observations 4319 2172 1256
Country FE Yes Yes Yes
Year FE Yes Yes Yes

Notes: Table 3a reports estimates from Equation (3a). Standard errors in parentheses " p <0.10, ” p < 0.05, ™ p < 0.01
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In (3b), a 1 pp increase in ODA/GDP is associated with a 0.66-point increase in adaptive capacity for the full
sample and a 1.64-point increase in LIDCs. Economically, this is sizable and comparable across sizes. Using
both estimates, we proceed with inferring the associated change in default probability from both concessional
ODA measures.

Table 3b. Panel regression of adaptive capacity on ODA as a share of GDP

(1) (2) (3)
Adaptive Capacity All EME LIDC
total ODA/GDP 0.0066 0.0049 0.0164"
(0.0038) (0.0041) (0.0075)
disaster frequency 0.0635 0.0369 0.2660"
(0.0629) (0.0548) (0.1493)
log (GDP) 0.5969™ 0.5323" 0.9355
(0.2076) (0.2283) (0.5154)
log (GDP per capita) 4.4561" 1.4548 9.4559™
(1.8247) (2.0100) (2.6151)
Observations 2821 1614 1207
Country FE Yes Yes Yes
Year FE Yes Yes Yes

Notes: Table 3b reports estimates from Equation (3b). Standard errors in parentheses " p < 0.10, ” p < 0.05, ™ p < 0.01

Combining equation (3) (ODA - adaptive capacity link) with the damage attenuation in equation (2) and the
climate shock — default link in equation (1), we map concessional ODA disbursements to default probability. The
chain rule is:

Ap(dis) = .Adam(k; dis) (€))

where Ap is the change in default probability for every US$1billion of ODA (1pp increase in ODA/GDP) evaluated
at the disaster exposure level, s is the average marginal effect of disaster damages on default probability from
Table 1 (2.6 higher odds per 1 percentage point of disaster damages) and Adam(x; dis) is the model predicted
change in damages (% of GDP) per k point increase in adaptive capacity from a US$1 billion of ODA or pp
increase in ODA/GDP in Table 2 (this is evaluated at a given disaster frequency dis). From Table 3a, our
estimates imply that a US$1 billion of ODA raises adaptive capacity by k = 0.13, which lowers damages (% of
GDP) from a change in adaptive capacity by 4.3pp at a 10 disaster frequency and 2.1pp at a disaster frequency
of 5, using equation (2) margins. With ¢y = 2.6pp, this would translate to about 11 pp (for 10 disasters and 5.5 pp
for 5 disasters) reduction in default probability per US$1bn of ODA. Using the ODA/GDP specification in Table
3b, a 1 pp increase in cumulative ODA/GDP is associated with a k = 0.66 point rise in adaptive capacity. Plugging
that into equation 2 lowers disaster damages (% of GDP) by 3.9pp (1.7pp) at a 10 (5) disaster frequency. Again,
using U = 2.6pp higher default probability per 1pp increase in damages from equation (1), this maps into a
change in default probability of approximately -10pp (disaster frequency = 10) and -4.4pp (disaster frequency =
5). All these effects are back of the envelope calculations and use estimated average marginal effects from our
sample set. They should be read as economically relevant magnitudes rather than causal effects.
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6. Conclusion
In this paper, we investigate how climate shocks can affect sovereign debt default probability, how a country’s
ability to withstand these shocks can dampen the macroeconomic damages from these shocks and how
concessional lending can help strengthen adaptive capacity and subsequently lower the probability of sovereign
defaults. Using a rare events logit specification for defaults and panel designs for disaster damages and adaptive
capacity, we quantify this simple chain of relationships. First, countries tend to face higher odds of default
following a larger disaster the previous year. Second, building adaptive capacity can help dampen disaster
damages. Our interaction term between adaptive capacity and disaster frequency from this specification is
negative and economically significant: higher adaptation levels flatten the damage to disaster slope, with the
effect strongest in EMEs. Finally, ODA can help build adaptation. Our results show that ODA disbursements are
associated with higher adaptive capacity, and the estimated coefficients permit direct translation into
economically relevant magnitudes. This finding is especially concerning given the decline and uncertain outlook
of ODA projections (OECD, June 2025). As concessional flows shrink and public budget tighten, policymakers
may deprioritize adaptation investment, especially because its returns accrue over time rather than immediately.

Two conclusions follow. First, concessional financing may mitigate climate-induced debt distress. Second, ODA
enables countries to strengthen their adaptive capacity, and this reduces the odds of sovereign debt defaults.
Our mappings provide a practical budgeting yardstick, linking target reductions in default probability to annual
concessional (ODA) needs by country and disaster frequency for fiscal frameworks and donor programs. The
“‘impossible trilemma” can be solved with access to concessional financing which allows countries to invest in
adaptation without worsening debt ratios excessively while lowering climate shock-induced debt default
probabilities. In the context of constrained concessional financing, concessional lending instruments, such as the
RSF, that catalyze private climate financing play a significant role in building climate resilience while maintaining
debt sustainability (Diallo et al, IMF 2026).

To the best of our knowledge, our research is the first to empirically price the policy lever needed to solve the
climate shock — default link. We posit that adaptation could compress the sovereign risk impact from climate
shocks; if financed concessionally, it operates as a debt stabilizing tool in addition to being a resilience tool. We
estimate these three relationships sequentially rather than as a simultaneous system because our chain is
recursive: ODA builds adaptive capacity, which attenuates damages, which lowers default probability. In
recursive systems, sequential estimation yields transparent estimates. We mitigate confounding factors by
controlling for standard macroeconomic determinants and using country and year fixed effects throughout. Our
results should therefore be read as reduced form associations and back of the envelope magnitudes. EM-DAT
economic losses are likely to be underreported. Future work could more precisely capture heterogeneity in
climate shock impacts by constructing a robust measure that combines disaster intensity, frequency and
exposure. Our proxy for concessional finance is ODA. The ODA — adaptation link is associational and invites
stronger identification. ODA may be used for other purposes and donor allocation is not random and responds
to need. This may raise endogeneity concerns. In future work, one could explore exogenous variations in lending
terms as instruments for adaptation finance.
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8. Appendix

The table below summarizes the variables of interest of the full sample from 1995 to 2020 across 178 countries.
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Table A.1. Summary statistics of the full sample (1995-2020)

Variable Observations Mean Std. Dev. Min Max
Disaster damage (% GDP) 4574 0.30 3.53 0.00 148.41
GDP growth (%) 4556 3.50 5.98 -50.34 147.98
log (GDP per capita) 4500 9.36 1.16 6.30 11.87
Inflation rate (%) 4528 29.40 1019.19 -72.73 65374.08
Debt-to-GDP ratio (%) 4182 55.60 45.11 0.00 657.84
Private credit (% GDP) 3713 48.25 42.64 0.00 304.58
log (Terms of Trade) 4059 4.59 0.22 3.00 5.61
log (REER) 2334 4.59 0.18 3.76 6.61
Default dummy 4628 0.041 0.198 0.00 1

Notes: Table A.1 reports summary statistics for the full sample over 1995-2020. The sample is an unbalanced country-year

panel.

For the purposes of robustness, we consider the BoC/BoE sovereign debt database. Below is default probability
by creditor type. Bars show the effect of our climate shock (damages, % of GDP) on the default indicator
constructed from the BoC/BoE database. The estimates are from creditor specific rare events logit specification.
Controls included but not shown; country income-group and year fixed effects included.
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Figure A.1. Default probability split by creditor type, full sample. Notes: The figure plots predicted default probabilities
separately by creditor type for the full sample. Sources: BoC/BoE sovereign default database, compiled by Authors.

As a diagnostic control, we controlled for IMF program episodes that coincided with country debt restructuring
episodes. The results showed that disaster shocks continue to predict higher default probability. Disaster losses
remain positively associated with next year’s default, even after conditioning on IMF program status in the
previous year. The IMF program dummy is included to account for programs that occur in periods of acute stress,
sometimes overlapping with restructurings. We interpret this as a diagnostic control and not a causal control.

Table A.2. Rare events logit specification with a Diagnostic Control

Default dummy (1) ALL (2) EME (3) LIDC
0.029** 0.023* 0.091
damage (% GDP) (0.011) (0.012) (0.128)
IME program dummy 1.201*** 1.041%** 1.198***
(0.268) (0.384) (0.438)
Observations 3031 1469 939
Income Group FE Yes No No
Year FE Yes Yes Yes

Notes: Table A.2 reports rare events logit estimates from Equation (1) including an indicator for IMF-supported programs.
Standard errors in parentheses. Controls included but not shown. * p < 0.10, ** p < 0.05, *** p < 0.01.

To address heterogeneity across disasters that differ in type and intensity, we construct an exogenous precision-
weighted climate shock index a la Felbermayr & Groschl (2014) by combining hazard-specific measures and
indicators on droughts, extreme temperature events, floods, landslides and storms. ' Following their
methodology, each hazard component is defined as the deviation of an annual climate variable from its long run
mean and the anomalies are aggregated using inverse-variance weights to prevent dominance by any single
hazard. The components are drawn from established climatological sources. Drought intensity is measured using

" Following Felbermayr and Groschl (2014), the inverse variance weights treats climate anomalies as exogenous realizations of
physical disaster intensity. Their approach was originally used to construct the GeoMet geophysical and meteorological data. The
baseline uses damage as a share of nominal GDP. We adapt their weighting scheme for our individual precision-weighted hazard
shock in robustness checks. Results in Table A.3.
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data from the Standardized Precipitation Evapotranspiration Index (SPEI-12). These are monthly gridded data at
0.5° spatial resolution, averaged over the year and sign-flipped for larger values to signify drier years. For extreme
temperature/heat, we use the 2m temperature anomaly against the 1981-2010 climatology baseline from the
European Center for Medium Range Weather Forecasts Reanalysis v5 (ERA5-Land). Flooding was constructed
using the product of long-term floodable land share from the Joint Research Center of the European Commission
50 return period (JRC RP50 map) and precipitation anomaly vs. a 2000-2020 baseline (ERA5). Some places
have a structural long-term feature and are naturally more flood prone because of topography and coastal
exposure. This is captured by the JRC RP50 map. Because rainfall patterns are less stationary than extreme
temperature, we anchored that to a modern satellite era to help capture the contemporary climate system better.
We use the National Aeronautics and Space Administration (NASA) as the primary data source for landslide
intensity. The International Best Track Archive for Climate Stewardship (IBTrACS v4) records data on individual
hurricane events at 6-hour intervals. From this data source, we constructed the annual Accumulated Cyclone
Energy (ACE) for storm intensity. Landslide and storm measures are normalized by land area (per 100km?)
before applying precision weighting.

Below are results for the climate shock index by individual physical intensity measures (drought, heat, flood,
landslide, storm) in a rare events logit specification. Only lagged storm intensity measure raises next-year default
odds. Other hazards and the combined composite index created are not predictive for the full sample, EME or
LIDCs.2 In contrast, damage (% of GDP) is robustly predictive. We keep it as the baseline shock measure.

Table A.3. Default probability by individual disaster intensity measures

(1) (2) () 4) )

drought heat flood landslide storm
default dummy  -0.296** -0.337 0.009 -0.641** 0.306*

(0.131) (0.275) (0.180) (0.276) (0.157)
Observations 2638 1920 1862 2156 387
Country FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes

Notes: Table A.3 reports estimates using separate disaster intensity measures for drought, heat, flood, landslide, and storm,
in place of the aggregate damage variable. Standard errors in parentheses. Controls included but not reported. Country and
Year FE included. * p <0.10, ** p < 0.05, *** p < 0.01

2 This finding may be due to the fact that the location and the damages caused by natural disasters are more relevant for economic
outcomes compared to the frequency and intensity of these events. While the latter alternative disaster measure is less likely to
face endogeneity concerns, we try to address the potential endogeneity of the former disaster measure by controlling for
countries’ macroeconomic conditions.
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