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Abstract

We study the impact of climate shocks on firms’ exposure to political risk–risk from
government expropriation and political violence. Using a novel panel dataset of
country-level Political Risk Insurance (PRI) ratings, we find that hotter and drier
weather conditions increase the probability of rating downgrades, which are in turn
associated with increases in actual expropriation and decreases in investment and
income. The climate effects are stronger for low-income countries and for countries in
colder and wetter climates. We find evidence suggesting that democratic institutions
can reduce the impact of climate shocks.
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1 Introduction

Climate shocks such as droughts and heatwaves affect firms’ financial performance by
damaging physical assets and reducing worker productivity (Hong et al., 2019; So-
manathan et al., 2021). A separate yet related issue is climate-induced political risk, in
which the economic consequences of extreme weather can lead to armed conflict and vio-
lations of property rights. However, quantifying the impact of climate shocks on political
risk is challenging, as concrete incidents of institutional degradation (e.g., expropriation)
are seldom systematically documented. Further, focusing solely on such realized events
only partially identifies the scope of climate-induced political risk for investors, since the
perception of expropriation risk alone may be enough to discourage investment (Eaton and
Gersovitz, 1984; Besley and Ghatak, 2010).

This study explores the effect of climate shocks on firm exposure to political risk using
a novel global data set of Political Risk Insurance (PRI) ratings. PRIs are financial products
devised specifically to hedge multinational investors against the risk of political violence
and governmental expropriation, as this risk remains one of the “key obstacles to invest-
ment [...] in developing countries (United Nations, 2025).” The providers of PRI policies,
who are largely private insurers, assign a “country risk rating” to each host country. Just
as how corporate bond ratings reflect the investment market’s perception on the risk of
credit default, the PRI country ratings reflect the investors’ perceived political risk in a
given country. The ratings determine the insurance policies’ premiums and coverage, and
their accuracy is disciplined by actual occurrence of institutional breakdowns (Jensen,
2008). Our panel data set of PRI ratings, spanning 174 countries and 23 years, provide
a unique opportunity to assess how climate shocks affect the perceived political risk of
investors.

We assess the performance of PRI ratings as metrics of institutional quality by linking
our data with independent data sets of actual PRI claims and country-level macroeconomic
outcomes. Using event-study methods (Callaway and Sant’Anna, 2021), we find that
the PRI rating downgrades are indeed associated with an increase in PRI claims and
expropriation events. Further, the downgrades are associated with statistically significant
drops in per capita real income, foreign direct investment, and domestic investment by 4%,
27%, and 14%, respectively. Such results are not only consistent with the prior literature on
the importance of property-right institutions (Acemoglu, Johnson and Robinson, 2001),
but also imply that investors both inside and outside the host country respond to its
institutional degradation.
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We then combine the ratings data with a gridded weather data set and estimate a fixed-
effects panel model (Deschênes and Greenstone, 2007) to measure the effect of anomalously
hot weather and droughts on PRI rating downgrades. The identification strategy hence
relies on the quasi-experimental year-to-year variations in weather, holding country char-
acteristics fixed. We follow prior studies (e.g., Carleton et al., 2022) to allow the effect of
weather shocks to be a function of the country’s average climate and its average income
levels, hence accounting for climate adaptation and income effects. The model also allows
for lagged effects of weather.

We find that the effects of warmer-than-average weather are larger in countries with
colder climate, with countries of average temperature above 20◦C (Spain and Australia)
being less vulnerable to anomalously warm weather. Similarly, the effect of droughts are
stronger for countries with a wetter climate. Low-income countries are more vulnerable to
both temperature and precipitation shocks. The drought and warm weather’s effects are
largely nefarious (increasing downgrade probability), and estimates of beneficial effects
(decreasing downgrade probability) are seldom statistically significant. On average, a
standard deviation increase in temperature leads to a 0.5 percentage point increase in
downgrade probability, versus an average downgrade probability of 5%. The results are
robust to using actual realizations of expropriation events, or the proxies thereof, as the
outcome variable.

Ostensibly, the effect of warmer weather being more harmful in colder climates stands
in contrast to prior studies in the literature which have identified a “hill-shaped” rela-
tionship between economic productivity and temperature (Mendelsohn et al., 1994; Burke
et al., 2015). Such studies have pointed to warm temperature shocks being detrimental
for productivity in hotter-climate countries, while being beneficial in some cold-climate
countries. Yet, previous theoretical analyses on the drivers of expropriation (Thomas and
Worrall, 1994; Besley and Ghatak, 2010; Stroebel and Van Benthem, 2013) have suggested
that positive, exogenous productivity shocks increase the incentive for the government to
expropriate. Such studies suggest that the “windfall” characteristics of climate-induced
productivity increases could be what’s driving the observed PRI downgrade-climate re-
lationship.

To investigate the potential of such productivity-related channel, we extend prior work
by developing a stylized model of perceived expropriation risk. Unlike previous studies,
which assume perfect observability of the true risk, we conceptualize the investors’ de-
cisions as being characterized by beliefs about expropriation risk, updated via Bayesian
inference from actual expropriations. The empirical predictions suggest that positive pro-
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ductivity shocks increase equilibrium expected expropriation risk, even under imperfect
observability. The model also suggests that the nefarious effects of “positive” climate pro-
ductivity shocks are weaker in countries with robust democratic institutions and where
the government is subject to strong executive constraint–hence being moderators of the pro-
ductivity channel. The same institutions can also be mediators of climate shocks’ effects,
with democratic institutions and executive constraint reducing investor-perceived risk of
expropriation.

We test such empirical predictions by first, regressing indexes of economic produc-
tivity, democratic institutions, and executive constraint against year-to-year variations in
weather. We find strong evidence in favor of the productivity channel as the mediator for
the climate shock effect. In contrast, we find that the effect of climate shocks are muted
for more democratic countries and for countries with strong executive constraint, suggest-
ing that these political institutions play the role of moderators (instead of mediators) in
translating the effect of climate shocks into changes in property-right institutions.

This paper speaks to the broad literature that studies the risk posed by climate change
on the firms’ financial outcomes (Addoum et al., 2020; Krueger et al., 2020; Pankratz et al.,
2023; Sautner et al., 2023). Government expropriation of capital pose real risks to firms
considering large-scale investments in developing countries, as evidenced in the vibrancy
of the PRI market itself. Our results suggest that the impacts of climate shocks are already
observable in the PRI market’s signals. The heterogeneous effects of warm weather, in
turn, suggest that regions of the world that were traditionally thought to be safer from
climate change impacts may not be so in their institutional resilience–hence adding to the
urgency of climate action.

This study also contributes to the burgeoning “climate-conflict” literature (Hsiang et al.,
2013; Burke et al., 2024), which identify the link between weather shocks and civil conflicts.
While a few studies in the literature (Burke and Leigh, 2010; Brückner and Ciccone, 2011)
have explored the impact of weather shocks on institutional quality, such studies were
focused on non-market indexes of democratic institutions (e.g., Polity V index, Marshall
and Gurr, 2020). In contrast, this paper’s outcome measures property-right institutions
and are direct results of the investment market’s shifting evaluations–hence being a more
convincing metric of firm exposure to political risk.

More broadly, the theoretical literature on political violence (Besley and Persson, 2009,
2011) have suggested that the weakening of institutions precedes civil violence, the subject
of the climate-conflict literature. The results in this paper imply that this “middle step”
between climate shocks and violence does exist. The mechanism results highlight the

3



importance of democratic institutions in preventing this chain reaction, from climate
shocks to property-right institution degradation–and ultimately to violent conflicts.

The remainder of the paper is structured as follows. Section 2 discusses the PRI
ratings in detail and presents the data that we use, followed by Section 3 on the empirical
strategy. Section 4 presents the main empirical results, additional findings, and the
potential mechanisms. Section 6 concludes.

2 Background and Data

2.1 Political Risk Insurance and its country-level risk ratings

This study uses country-level risk ratings of PRI policies to assess firms’ exposure to
climate-induced political risk. PRI products are offered by both governmental and private
insurers to private investors aiming to hedge their investments against political risk.1

Investors covered by PRI policies can file for claims when their assets or the returns
thereof are subject to losses from political reasons, such as unilateral expropriation and
destruction from violent conflicts. The insurers’ country-level risk ratings, the source of
this study’s outcome variable, plays a crucial role in the setting of premium, coverage,
and terms of contract of PRI policies. For example, some insurers stipulate that projects
hosted in countries with the worst ratings are not eligible for insurance coverage.

We use PRI ratings from the Belgian governmental export credit agency (ECA), Cre-
dendo (formerly Office National du Ducroire). On top of being the source of data for prior
cross-sectional studies using PRI ratings (Jensen, 2008; Jensen and Johnston, 2011), Cre-
dendo’s ratings have several other properties that improve their representativeness and
their usefulness. First, Credendo publicly discloses its most recent annual country-level
ratings on its website. Such public disclosure of ratings, combined with the multinational
nature of most purchasers of PRI policies, have meant that a considerable degree of parity
has been established in the PRI market–such that premiums of other PRI products show
similar variations to those of Credendo (Jensen, 2008).

Further, unlike other ECAs which capture a country’s overall political risk with a single
rating, Credendo breaks down a country’s ratings into the different aspects of political
risk. We focus on ratings for expropriation risk, which “encompasses all discriminatory
measures taken by a host government which deprive the investor of its investment without

1Governmental insurers mostly consist of export credit agencies (ECAs) aiming to promote investments
in developing countries, such as U.S. International Development Finance Corporation (DFC).

4



any adequate compensation (Credendo, 2024).” To compare our results with the studies in
the climate-conflict literature (Burke et al., 2024), we also study rating changes for political
violence risk, which include risk of damages from terrorism attacks or violent conflicts.

Every year, Credendo adjusts the countries’ risk rating by combining results from its
own propriety quantitative risk model, the investors’ experiences, and regional experts’
assessments. We use all Credendo ratings from 2002 to 2024, and define a dummy variable
of “downgrades” from the changes in the country’s ratings. Crucially, weather and climate
characteristics are not part of the risk rating adjustment process–suggesting that our core
results on the link between climate shocks and PRI ratings are not mere artifacts of the
Credendo’s assessment methods.

A first inspection into the PRI expropriation rating data reveals that upgrades and
downgrades are pervasive, observed in more than half of the countries (113 out of 174)
and with an average probability of 5% per country-year. Importantly, Appendix Figure
B1 suggests that these shifts are not disproportionately focused on specific climate zones
of the world. Most of the countries’ records span 23 years (from 2002 onward), with
global coverage (174 countries, Appendix Figure B2). Appendix Figure B3 presents the
average expropriation risk rating over the sample period, where lower value means lower
expropriation risk.

Notably, Appendix Figures B4 and B5 show that certain countries (e.g., non-OECD
countries) have experienced multiple downgrades and upgrades, while a few countries
(e.g., South Korea and North Korea) have not experienced any changes in their ratings.

2.2 Risk rating, claim occurrence, and macroeconomic outcomes

To be a good proxy of the institutional environment that firms face in different countries,
the Credendo expropriation risk ratings must be predictive of actual expropriation events.
To empirically validate this, we combine the Credendo rating data with a firm-level panel
data of expropriation events, from Arel-Bundock et al. (2020). The latter firm-level data
set compiles PRI purchases and loss claims from a U.S. governmental PRI program run by
the U.S. International Development Finance Corporation, and provides an albeit partial
information on the extent of political risk-induced losses.2 The unit of observation is at

2The following excerpt from a claim filed to OPIC (precursor of the U.S. DFC) on an expropriation event
in Russia aptly illustrates the kind of incidents that are covered by DFC’s PRI policies:

“On March 1, 2008, Terminal [Russian partner of GFMG] brought its own security service onto the Facility
[owned by GFMG] and SGP [Facility’s maintaining entity]’s security service resigned. (...) [W]ith the
change in security services, Terminal took over all access into the Facility (the “Takeover”). (...) Following
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(a) Political risk insurance claims, U.S. investors (b) Income and investment per capita

Figure 1. Country-level PRI rating, claim occurrence, and macroeconomic outcomes
Notes: Figure shows Callaway and Sant’Anna (2021) event study coefficients, with the treatment variable
being “first Credendo expropriation risk rating downgrade.” Credendo is the Belgian governmental export
credit agency whose country-level risk ratings we use as primary outcome of interest. Figure 1a uses as
outcome the investment project-level dummy of the project filing for a political risk-induced loss (losses
from expropriation, war, and other political violence), while Figure 1b has macroeconomic variables of the
country experiencing the downgrade. All standard error clustered at country level. Error bars represent
95% confidence intervals. See Appendix Figure B4 for coverage of Credendo ratings and country-level
downgrade frequency.

the investment project-year level, and each investment project is linked with the Credendo
data using the projects’ host country and year.

We estimate an event study model (Callaway and Sant’Anna, 2021) using the combined
data, with “first expropriation risk rating downgrade” as the treatment variable and an
indicator variable of a firm filing for PRI claims as the outcome variable. The coefficient
estimates measure the dynamic correlation between a country’s downgrade in Credendo
expropriation rating and the conditional probability of a U.S. company filing for PRI losses
in that country. The model includes project- and year-fixed effects, and uses the “never
treated” projects (i.e., projects in countries that have never experienced rating downgrade)
used as the control group.

The results, shown in Figure 1a, suggest that Credendo’s expropriation risk rating
downgrades are indeed followed by persistent increases in the probability of a U.S. firm

the Takeover, GFMG, as 70% owner of SGP, immediately sought intervention from the Russian police, court,
and local government authorities, but no action was taken against Terminal during the illegal occupation
period... (Overseas Private Investment Corporation, 2011)”
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filing for PRI losses in the country. While a firm files for PRI claims with a probability of
0.22%, the probability increases by 0.05%p following the downgrade. Interestingly, there
is little noticeable pre-trend in PRI claims prior to the downgrade. These estimates indi-
rectly suggest that the Credendo rating downgrades occur in anticipation of expropriation
events, rather than as a mere responses to an actual expropriation occurrence.

Prior studies suggest that such deterioration of property-right institutions, as evi-
denced in the increase in expropriation events following the rating downgrade, likely
discourages investment and hamper economic growth (Acemoglu et al., 2001; Besley and
Ghatak, 2010). We empirically test this possibility by estimating event study coefficients
on a data set combining the Credendo ratings with the countries’ real GDP per capita
and capital formation per capita, the latter defined as gross investment net of inventory
changes. Both data are obtained from World Bank Development Indicators (World Bank
Group, 2024).3 We estimate the coefficients conditional on log of real GDP in year 2000
(prior to the first Credendo risk rating), in light of the differences in income levels of the
countries that experience downgrades versus those who do not (Appendix Figure B4).

The event study coefficients in Figure 1b suggest that indeed, countries experience sig-
nificant drops in income and capital accumulation following expropriation rating down-
grade. The GDP and investment per capita drop by 4.1% and 14.0% respectively, while
there are no obvious evidence of recession prior to the downgrade. Appendix Figure B6
suggests that the decreases are also observed in log of net FDI inflow (27% drop). Such
results suggest that the infringement of property rights, as captured by the downgrades,
affect investment incentives of both domestic and foreign investors, suppressing income
growth. Further, Appendix Figure B7 implies that the downgrades are not driven by, or
are followed with, deterioration of the countries’ fiscal health–as measured through the
ratio of external debt to currency reserves.

The Figure 1 results are robust to using “not-yet-treated” countries as the control
group (Appendix Figures B9 and B10). Figure 1a results also stand when we limit the PRI
claims to those related to expropriation (Appendix Figure B10). Lastly, Figure 1b results
are robust to not conditioning the coefficients on income levels (Appendix Figure B11),
although the coefficients become noisier.

3To be precise, World Bank provides the “share of capital formation in the GDP” data. We multiply this
quantity with the inflation-adjusted GDP per capita to obtain domestic investment per capita.
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2.3 Additional data

Actual expropriation cases. We obtain records of actual cases of government expro-
priation from United Nations Trade and Development’s (UNCTAD) Investment Dispute
Settlement Navigator (UNCTAD, 2023). The data set focuses on investors’ international
arbitrage attempts following alleged breaches of the investor right from a sovereign state,
and includes information on the investor raising the claim, the state concerned, and a brief
summary of the matter of contention.

Weather and climate. We collect data on experienced weather from two sources. First,
temperature data come from National Oceanic and Atmospheric Administration (NOAA)’s
GHCN CAMS gridded temperature data (NOAA, 2024b), which provides monthly tem-
perature at 0.5 degree resolution from 1948 onward. We obtain precipitation data from
NOAA’s Global Unified Gauge-Based Analysis of Daily Precipitation (NOAA, 2024a),
which provide daily precipitation at 0.5 degree scale from 1979.

We aggregate both data to calendar year level, by computing the annual average
temperature and the yearlong average of monthly accumulated precipitation. We weight
each grid by its population density to remove the effects of sparsely inhabited grids, where
the population data come from NASA’s Gridded Population of the World v4.11 product
(NASA, 2024). We use gridded population density as of year 2010.

In order to make the weather shock terms more comparable, and to account for re-
gional differences in variability of weather, we normalize the annual temperature and
precipitation by the individual country’s climatological average and standard deviation.
The climatological averages are taken over the period 1991-2020.

Macroeconomic variables. On top of the real GDP per capita and capital formation data,
we collect from World Bank (World Bank Group, 2024) the data on population, foreign
direct investment per capita, ratio of total foreign reserve to external debt (in %), ratio of
international trade to GDP (%). The latter two variables are winsorized at 2.5th and 97.5th
percentiles.

We also collect information on country-level government annual balance sheet from the
International Monetary Fund’s (IMF) Investment and Capital Stock Dataset (International
Monetary Fund, 2022), which present the value of government-owned and private-owned
capital stock and yearly investment in purchasing power parity (PPP) dollars.

Governance data. We obtain data on time-varying levels of governance and other institu-
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tions’ qualities at the country-year level, from the World Bank’s Worldwide Governance
Index (World Bank Group, 2025). We also use Polity V index (Marshall and Gurr, 2020),
an index of democratic institutions, at the country-year level. Such variables are used in
understanding the role of other institutions in moderating the effect of climate shocks on
firm exposure to political risk.

3 Empirical strategy

We estimate the effect of climate shocks on firm’s exposure to property-right violations
through a panel fixed-effects model of PRI ratings and country-level annual weather.
Previous studies on the effect of climate on violence have pointed to the possibilities of
lagged effects from weather shocks (Burke et al., 2024). We capture such dynamic effects
by including lagged values of the weather shocks. We also account for adaptation and
state-dependence of the weather effects by allowing them to vary with the climatological
average temperature and precipitation (Heutel et al., 2021; Auffhammer, 2022; Nath et
al., 2024). Lastly, in light of the global coverage of our observations, we follow previous
studies (e.g., Carleton et al., 2022) in interacting the weather variables with the country’s
average real GDP per capita levels over the sample period, hence allowing responses to
weather shocks to vary with income. The preferred reduced-form equation of interest is
thus:

𝑦𝑖𝑡 =
∑

𝑙∈{0,1}
𝛽1𝑙𝑇𝑖 ,𝑡−𝑙 + 𝛾1𝑙𝑇𝑖 ,𝑡−𝑙𝑇̄𝑖 + 𝜁1𝑙𝑇𝑖 ,𝑡−𝑙𝑌̄𝑖 + 𝛽2𝑙𝑃𝑖 ,𝑡−𝑙 + 𝛾2𝑙𝑃𝑖 ,𝑡−𝑙𝑃̄𝑖 + 𝜁3𝑙𝑃𝑖 ,𝑡−𝑙𝑌̄𝑖

+ 𝛼𝑖 + 𝛿𝑡 + 𝜀𝑖𝑡

(1)

where 𝑦𝑖𝑡 is a dummy of country 𝑖 experiencing the PRI rating downgrade in year 𝑡, 𝑇̄𝑖 and
𝑃̄𝑖 the average temperature and precipitation over the years 1991-2020, 𝑌̄𝑖 the log of average
real GDP per capita of country 𝑖, and 𝑇𝑖 ,𝑡−𝑙 and 𝑃𝑖 ,𝑡−𝑙 the temperature and precipitation of
year 𝑡− 𝑙. 𝛼𝑖 and 𝛿𝑡 capture country- and year-fixed characteristics, respectively. The error
term 𝜀𝑖𝑡 is clustered at the country level to account for correlation of errors across time.

Notably, our preferred specification uses locally normalized 𝑇𝑖𝑡 and 𝑃𝑖𝑡 values using
country-level average and standard deviation of 𝑇𝑖𝑡 and 𝑃𝑖𝑡 for years 1991 to 2020. While
such normalization improves their across-country comparisons and allows the comparison
of 𝑇𝑖𝑡 coefficients with 𝑃𝑖𝑡 coefficients, we test the robustness of our results to using raw
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temperature and precipitation, in which case the coefficients would represent the effect of
1◦C increase in annual temperature and 1cm increase in monthly precipitation (versus a
standard deviation increase in temperature and precipitation in the original definition).

The model (1) identifies the effect of weather shocks on PRI rating downgrade us-
ing quasi-experimental variations in intertemporal weather (Deschênes and Greenstone,
2007). Under this model, the cumulative effect of a standard deviation increase in temper-
ature on the probability of PRI rating downgrade, for country 𝑖, is:

𝛽10 + 𝛽11 + (𝛾10 + 𝛾11)𝑇̄𝑖 + (𝜁10 + 𝜁11)𝑌̄𝑖 (2)

Our estimand of interest is (2) and its equivalent for precipitation, for different countries
𝑖. The coefficients 𝛽 capture the cumulative effect of weather shocks, while 𝛾 and 𝜁

coefficients measure the effect of adaptation and income in moderating climate shocks’
effect on PRI rating downgrade probability. Standard errors are computed using the Delta
method.

While our main outcome 𝑦𝑖𝑡 is obtained from Credendo’s risk rating data, we also
test whether similar effects of climate and income are observed for the occurrence of
actual investment disputes involving government expropriation. We also gather indirect
evidence by assessing whether climate shocks are associated with sudden growths in
government-owned capital stock, conditional on the general economy’s growth patterns.

Finally, we evaluate potential mechanisms that drive the climate shocks’ effects by
inspecting the role of democratic institutions and anti-corruption institutions. We take
the country-level average of the indexes pertaining to such institutions and divide the
sample into two groups using the median of the country-level averages.

4 Results

4.1 Main results

Figure 2a present the estimates of cumulative effects of temperature, from the panel OLS
model (1), with dummy variable of “experienced PRI risk rating downgrade” as the
outcome. Positive marginal effects (i.e., increases in the risk of rating downgrade) are
shown in red, versus green for negative estimates (decreases in downgrade probability).
Countries with estimates significant at 95% level are shown with hatches. We do not show
the marginal estimates for countries that did not experience any downgrades, and hence

10



(a) Marginal effect of temperature

(b) Heterogeneity with average temperature
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(c) Heterogeneity with income

AFG

ALB

ARE

ARM

AZE

BDI
BGR

BHR

BLR

BOL

BTN

CAN

CHL

CHN

CZE

DJI

DZA

EST

ETH FIN

GEO

HRVHUNIRN

KAZ

KGZ

KWT

LSO

LTU

LVA

MAR

MDA

MDG

MKD

MNE

MNG

MYS

NPL

OMN
PAN

POL

QAT

ROU

RUS

RWA

SAU

SGP

SRB

SUR

SVK

SVN

SYR

TJK

TKM

TTO

TUR

UKR

UZB

−2

0

2

4

1,000 10,000 100,000
Average GDP per capita (2015$)

In
cr

ea
se

 in
 p

ro
ba

bi
lit

y 
of

 r
at

in
g 

do
w

ng
ra

de
s 

(%
)

Figure 2. Temperature and political risk
Notes: Figure shows the effect of temperature shocks on country-level political risk insurance rating down-
grade (equation (2)). Figure 3a plots the marginal effects, with increases (decreases) in downgrade prob-
ability from warmer weather shown in red (green). Countries with statistically significant marginals (at
95% level) shown in hatched fill, while countries that did not experience any downgrades are shown in
grey. Figure 2b plots the marginals against the countries’ climatological average temperature, while Figure
2b does the same but for average GDP per capita over the sample period (log-scaled). Three-character ISO
codes for countries only shown when their marginals are statistically significant. Larger and darker dots
mean larger gross GDP and higher significance.
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did not have their variations included in the estimation of the coefficients.

The results suggest that it is the countries that are in colder climates, such as Mongolia
(MNG) and Russia (RUS), that are more vulnerable to anomalously hot weather. This is
highlighted in Figure 2b, which plot the marginal effects against the country’s average
temperature. There is, however, a strong heterogeneity in the marginal effects within
countries with similar average temperature. Figure 2c suggests that this heterogeneity is
driven by income per capita, where developing countries are more vulnerable to warm
anomalies; even relatively hot-climate countries, such as Ethiopia (ETH), still have statisti-
cally significant positive effects from warm weather. In general, the statistically significant
estimates are largely negative, and are positive only in hot, high-income countries such as
Saudi Arabia (SAU). The size of the marginal effects are economically significant, in that
the average probability of downgrade for a country-year is 5%.

Figure 3 presents the results for precipitation shocks, where we show the results of a
one standard deviation drier weather (i.e., inverse of the marginal (2)). Contrary to temper-
ature, it is the countries with wetter climate that are more vulnerable to droughts (Figure
3b), with exceptionally dry countries (e.g., central Asian countries) showing statistically
insignificant effects, versus wet countries such as Philippines (PHL) and Malaysia (MSY)
predicting increases in rating downgrade probability from droughts. Further, low-income
countries show stronger responses to droughts (Figure 3c), although the income-associated
heterogeneity is less salient than in temperature. All statistically significant marginal es-
timates are positive (increasing downgrade risk). The effect of droughts in sub-Saharan
Africa are consistent with prior climate-conflict studies that point to the importance of
precipitation in violent conflicts and institutional breakdowns in the region (McGuirk and
Nunn, 2025; Eberle et al., 2025).

Taken together, the results suggest the importance of adaptation, as droughts and
hot weathers are more detrimental to countries that are wetter and colder in climate.
Importantly, while the experience of on-site investor corporations and regional experts’
evaluations factor into Credendo’s rating evaluations, climate shocks per se are not part
of the input variables–suggesting that the results identified here are not artifacts of Cre-
dendo’s rating policy. We now present additional results that confirm similar trends in a
separate data set and provide important insights on the role of dynamics.
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(a) Marginal effect of precipitation

(b) Heterogeneity with average precipitation
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(c) Heterogeneity with income
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Figure 3. Precipitation and political risk
Notes: Figure shows the effect of drought on the probability of country-level political risk insurance rating
downgrade. Visualization of panels (a), (b), and (c) identical to that of Figure 2.

4.2 Additional results

While our main outcome of interest relies on Credendo’s country-level ratings, Figure
4 identifies similar patterns in the role of climate shocks in realized outcomes. Figure
4a refers to Investor-State Dispute Settlement (IDSDS) cases, where investors engage their
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host country in an international arbitrage process for an alleged breach of their investment
rights. In particular, we focus on the existence of newly initiated cases where the arbitrators
mention “expropriation” in their settlement rulings for each country-year. Figure 4a
plots the country-level marginals from fitting this outcome in the model (1). While the
difficulty in pinpointing the exact date of results are less precise the trend of lower average
temperature and low income being associated with higher vulnerability to temperature
shocks.

A more indirect way to identify the occurrence of expropriation is through sharp
increases in government-owned capital stock. Using data from the IMF Investment and
Capital Stock Dataset, Figure 4b estimates the effect of warm weather on the growth of
government capital stock. We control for growth rates of GDP per capita and private
capital stock, in light of the effect of temperature on economic productivity (Burke et al.,
2015). The results once again suggest that government capital stock follows the pattern in
Figure 2a. A separate regression that uses the share of government capital stock over total
capital stock also finds a similar pattern (Appendix Figure B12). In contrast, the effects of
precipitation shocks are less precise and statistically insignificant (Appendix Figures B13
to B12).

To be clear, the impact of climate on expropriation risk, does not have to be materi-
alized for it to affect investor incentives and hamper economic growth; a mere increase
in the expected probability of expropriation suffices (Eaton and Gersovitz, 1984). This
investor belief in expropriation risk is what the PRI risk rating captures. Nevertheless, the
results in Figure 4 do suggest that the effect of temperature shocks are also observed in
macroeconomic outcomes and in investor actions against sovereign states.

We now return to Credendo risk rating to explore the role of lagged effects in our results.
To this end, we estimate a new model after dropping the lagged terms (𝑙 = 1 terms) on the
right-hand side of (1). Under “harvesting” effects where weather shocks simply triggers a
downgrade that would have occurred anyway, the more parsimonious model would lead
to larger estimates (Hsiang, 2016). The results, shown in Appendix Figures B15 and B16,
are smaller in size–pointing to the absence of strong harvesting effects. The lagged terms
are particularly large in size for precipitation marginals, pointing to the importance of
lagged effects in drought effects.

Lastly, while we have been focused on Credendo’s expropriation risk rating down-
grades, we assess whether political violence ratings, which evaluate risk of war and
terrorism, are also affected by weather shocks. Appendix Figures B17 and B18 suggest
that warm weather and droughts do have adverse effects on risks of political violence,
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(a) Occurrence of expropriation cases

(b) Growth in government-owned capital

Figure 4. Temperature, realized expropriation cases, and government-owned capital
Notes: Figure shows the effect of temperature on proxies of realized expropriation. Figure 4a uses the number
of investor-state dispute cases involving government expropriation, and Figure 4b focuses on % growth in
government capital, controlling for growth in GDP per capita and in private capital. Countries without
investor-state dispute cases shown in grey for Figure 4a.

particularly in countries with drier climate and low income. Such results are consistent
with the climate-conflict literature (Burke et al., 2024).
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5 Mechanisms

5.1 A stylized model of government expropriation

What drives the effect of climate shocks on property-right institutions? To answer this
question, we present a stylized model of state-led expropriation consisting of a unitary
expropriating agent (“government”) and multiple investors. Crucially, while we consider
a dynamic game with investors and governments (Besley and Ghatak, 2010), we allow
uncertainty in the investors’ beliefs in the probability of expropriation, which are in turn
updated following actual expropriation using Bayes’ rule. We also assume that investors
are risk-averse, in light of their involvement in the PRI market.

We assess the comparative statics of the equilibrium probability of expropriation, with
respect to shocks to the investment return (i.e., productivity). We present the model set-up
and main empirical predictions here, while the full model, derivations, and extensions
can be found in the Appendix.

5.1.1 Model environment and timing

The model consists of three time steps. At time 0, the 𝑁 symmetric and non-cooperating
investors are endowed with a capital of 𝑘0. The investors have an exponential utility
function 𝑢(𝑥) = 1− exp(−𝜆𝑥), where 𝜆 is the risk aversion coefficient and 𝑥 the (expected)
profit. The capital stock follows the standard law of motion 𝑘𝑡+1 = (1 − 𝛿)𝑘𝑡 + 𝑖𝑡+1, where
𝛿 is the depreciation rate and 𝑖𝑡+1 the investment to the future capital stock. The investors
possess a risk-free asset with a known return 𝑟 𝑓 . At each time period, the investors allocate
a fixed cash flow of CF to either the risk-free asset, with return 𝑟 𝑓 , or the investment to
capital 𝑖1. The production technology is linear in capital, 𝑦𝑡 = 𝐴𝑘𝑡 , 𝑡 ∈ {0, 1, 2}.

At period 0, the investors hold a prior belief on the probability of expropriation,
𝑝0

iid∼ Beta(𝜅𝜏0, 𝜅(1 − 𝜏0)). As E[𝑝0] = 𝜏0, the investors set the capital for period 1, 𝑘1, to
maximize their expected utility conditional on 𝜏, 𝐴, and 𝑟 𝑓 . That is, the investors at time
0 maximize

(1 − 𝜏0)𝑢
(
𝐴𝑘1 + (𝐶𝐹0 − (𝑘1 − (1 − 𝛿)𝑘0))𝑟 𝑓

)
+ 𝜏0𝑢

(
(𝐶𝐹0 − (𝑘1 − (1 − 𝛿)𝑘0))𝑟 𝑓

)
(3)

where the first term refers to the expected utility under non-expropriation, and the second
term under expropriation.

At time 1, the government chooses the actual probability of expropriation, 𝜏1. For
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simplicity, we assume that the all 𝑁 investors are applied the same risk of expropriation
(no preferential treatment). This leads the investors to update their beliefs, with posterior
𝑝1

iid∼ Beta (𝜅𝜏0 + 𝑁𝜏1, 𝜅(1 − 𝜏0) + 𝑁(1 − 𝜏1)), with E[𝑝1] = 𝜅
𝜅+𝑁 𝜏0 + 𝑁

𝜅+𝑁 𝜏1. The posterior
in turn shapes the investors’ investment for period 2, 𝑖2.

The government sets the 𝜏1 in a forward-looking manner, in that it maximizes a
weighted sum of expropriation rent from period 1 and the investor’s expected profit
from period 2. The optimal 𝜏1 hence maximizes the following:

𝑁𝜏1𝐴𝑘∗1(𝑝0) + 𝛼𝑁
[
(1 − E[𝑝1(𝜏1; 𝑝0)])𝐴𝑘∗2(𝑝1(𝜏1; 𝑝0))

]
(4)

where 𝑘∗1(𝑝0) is the investors’ optimal capital given their prior 𝑝0, and 𝑘∗2(𝑝1) the optimal
investment for period 2 given the posterior 𝑝1. The term 𝛼 captures the extent to which
the government measures the importance of the investors’ future profit, and is required
to avoid total expropriation in period 1 (i.e., 𝜏1 = 1). We follow Besley and Ghatak (2010)
to conceptualize 𝛼 as a metric of “voice,” with larger 𝛼 meaning stronger representation
of asset holders in the decisions of the government.

A larger 𝜅 term meaning smaller influence of the one-off realization of expropriation
risk, 𝜏1, on investor belief–corresponding to the realization of the expropriation risk being
“noisy”4. Put differently, the 𝜅 is larger when the investor perceives a large variability in
the realized 𝜅 values, corresponding to weak executive constraint.

Lastly, we require a set of assumptions to ensure that the model is well-behaved:

Assumption 1. For 𝜏 ∈ {𝜏0, 𝜏1}, 𝜏𝑟 𝑓 < (1 − 𝜏)(𝐴 − 𝑟 𝑓 ).

Essentially, this assumption requires that the risk of expropriation is enough to justify
a holding of non-zero capital stock in the economy–hence guaranteeing interior solution.
The next assumption pertains to the 𝛼 coefficient:

Assumption 2. For the objective function of the government (4), 0 < 𝛼 < 1.

The assumption requires that the government prioritizes its expropriation rent over
future investment returns.

4This is equivalent to the normal-normal conjugate prior, where the weight given to the sample mean of
the observed values, with known variance, is smaller when the data (with known variance) are noisy.
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5.1.2 Empirical predictions

The above setting provides a set of empirical predictions. We start with the partial
equilibrium of the investor’s optimal investment, given their belief 𝑝:

Proposition 1 (Investment decreases with perceived expropriation risk). Under assump-
tion 1, the optimal future capital given investor belief 𝑝 is a decreasing function of E[𝑝]:

𝜕𝑘∗
𝑡+1

𝜕E[𝑝𝑡]
< 0

The proof can be found in the Appendix. The result is in line with the effect of expro-
priation risk rating downgrade on macroeconomic outcomes (Figure 1b), and confirms
the effect of expropriation, as in line with traditional theoretical studies on the impact of
expropriation risk (Eaton and Gersovitz, 1984; Besley and Ghatak, 2010).

Further, the model suggests that the optimal probability of expropriation, 𝜏1, increases
under higher productivity 𝐴:

Proposition 2 (Positive productivity shocks increase expropriation risk). Under assump-
tions 1 and 2, the investor-expected probability of expropriation, E[𝑝1], satisfies

𝜕E[𝑝1(𝜏∗1; 𝜏0)]
𝜕𝐴

> 0

where 𝜏∗1 is the optimal actual expropriation risk rate that maximizes (4).

The results imply that the expected probability of expropriation following the actual
expropriation would also increase with positive productivity shock–potentially explaining
the temperature and precipitation effects on perceived risk of expropriation (Figures 2 and
3). We can also derive the following second-order comparative statics for productivity-
induced expropriation risk increases:

Proposition 3 (Drivers of heterogeneous effects of productivity shocks). Under assump-
tions 1 and 2, the parameters have the following second-order comparative statics:

𝜕

𝜕𝛼

(
𝜕E[𝑝1(𝜏∗1; 𝜏0)]

𝜕𝐴

)
< 0, 𝜕

𝜕𝑁

(
𝜕E[𝑝1(𝜏∗1; 𝜏0)]

𝜕𝐴

)
< 0, 𝜕

𝜕𝜅

(
𝜕E[𝑝1(𝜏∗1; 𝜏0)]

𝜕𝐴

)
> 0

Put differently, a stronger voice (higher 𝛼) and the existence of more investors (larger
𝑁) dampen the malicious effects of positive productivity shocks. A weaker executive
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constraint (larger 𝜅) amplify the effect of positive productivity shocks. Note that con-
trary to previous theoretical literature, such productivity shocks–and their second-order
comparative statics–are on investor beliefs of expropriation risk.

While Propositions 2 and 3 focus on the effect of productivity shocks and their hetero-
geneity, changes in 𝛼, 𝑁 , and 𝜅 themselves can lead to changes in equilibrium:

Proposition 4 (Voice, executive constraint, and investor-perceived risk). Under Assump-
tion 1, the following stands:

𝜕E[𝑝1(𝜏∗1; 𝜏0)]
𝜕𝛼

< 0,
𝜕E[𝑝1(𝜏∗1; 𝜏0)]

𝜕𝜅
> 0,

𝜕E[𝑝1(𝜏∗1; 𝜏0)]
𝜕𝑁

< 0

That is, stronger voice and increase in the number of investors (larger 𝛼 and 𝑁) reduce
the equilibrium perceived expropriation risk, while weaker executive constraint increases
perceived risk. Proposition 4 hence suggests that other than its impact as moderators of
productivity shock effect, changes in political institutions themselves could be mediators
of climate shocks.

5.1.3 Model extensions

We briefly explore natural extensions of the model discussed above. First, the above
set-up treats the prior expected risk 𝜏̄ is a parameter. One can relax this assumption and
instead endogenize the 𝜏̄ by assuming E[𝑝0] = 𝜏1 at equilibrium. The assumption, which
assumes that the prior beliefs will be accurate in expectation, substantially simplifies the
first-order conditions (see Appendix). The comparative statics still remain the same under
this assumption.

Further, the main model does not accommodate uncertainty in the productivity𝐴. One
can naturally introduce such uncertainty by defining expected productivity E[𝐴] = 𝐴̂.
Then, 𝑘1 becomes a function of the parameters and 𝐴̂, while government in time 1 will
use the ex post revealed productivity, 𝐴1, in the first term of (4). The comparative statics
will stand with respect to variations in the expected productivity 𝐴̂.

The 𝛼 term above is a reduced-form parameter that captures the weight assigned to the
investors’ expected one-time returns. Nevertheless, the term can be naturally extended
to include future returns, with the 𝛼 transformed into 𝛼

1−𝛽 and 𝛽 being the government’s
discount rate.
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5.2 Empirical analysis of potential mechanisms

We build on the theoretical analysis above to evaluate several potential mechanisms of
climate shock’s effect on PRI risk ratings. In doing so, we distinguish “mediators” from
“moderators,” where the former refers to variables that are directly affected by climate
shocks and subsequently affect the PRI ratings, versus the latter being a factor that am-
plifies or dampens the effect of climate shocks (Burke et al., 2024). Propositions 2 and 4
suggest that productivity shocks and democratic institutions could be potential mediators
of the PRI rating-climate shock relationship, while Proposition 3 suggest that democratic
institutions could be moderators of the productivity-induced shocks.

5.2.1 Potential mediators

To assess the role of productivity shocks as the mediator (Proposition 2), we regress total
factor productivity (TFP) estimates, from Penn World Table (PWT), against the right-hand
side variables in equation (1). The results, shown in Figure 5a, suggest that it is precisely
the countries with higher probability of downgrade following warm weather (red fill in
Figure 2a) that benefit from the same climate shock (green fill in Figure 5a). We find
strong evidence of similar productivity effects for food production (Figure 5b), where we
focus on the log of Food Production Index, from FAO (2024), as the outcome variable. The
estimates are much noisier for precipitation shocks (Appendix Figure B19).

Further, motivated by Proposition 4, we assess whether temperature shocks are fol-
lowed by changes in indexes of democratic institutions. Appendix Figures B20 and B21
estimate the model (1) for changes in Polity V index, with increases in the index rep-
resenting an improvement in democratic institutions. We fail to find significant effects
supporting climate-induced changes in democratic institutions. Appendix Figures B22
and B23 find conflicting and economically insignificant effects of temperature and pre-
cipitation shocks on Worldwide Governance Indicator’s (WGI) “Control of Corruption”
index, which measure the extent to which “public power is exercised for private gain
(World Bank Group, 2025).” We use the control of corruption as a proxy for the executive
constraint (𝜅 in our model).

To summarize, we find strong evidence suggesting that warm temperature shocks are
associated with strong increases in productivity in cold-climate countries, while the effects
are muted for changes in democratic institutions and executive constraint. Such findings
indirectly suggest that it is the positive productivity shock channel (Proposition 2), rather
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(a) Total factor productivity

(b) log(Food production index)

Figure 5. Productivity shock as potential mediator of temperature shock effects
Notes: Figure explores the potential role of productivity shocks as mediators of the relationship between PRI
rating downgrades and temperature shocks. Figure 5a estimates the model (1) with TFP estimates from the
Penn World Table as the outcome, while Figure 5b uses log of per capita Food Production Index (FAO, 2024),
with the index set to 100 for the 2014−2016 average food production quantity.

than changes in other aspects of the institution (Proposition 4), that potentially explain
the climate shock effects.
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(a) Democratic institutions
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(b) Corruption
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Figure 6. Heterogeneous responses to climate shocks from subsample analyses
Notes: Figure explores potential mechanisms driving the results by dividing the countries in the sample
into two groups, using the averages of indexes representing the quality of their democratic institutions
and anti-corruption institutions. We use Polity V index for the former, and World Bank’s Worldwide
Governance Index for the latter. Figures on the panel show the temperature marginals (1SD hotter year),
versus precipitation marginals (1SD drier year) for the right panel. ISO codes are shown for countries with
statistically significant marginals. Points’ shape represent the subsample that they belong to.
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5.2.2 Potential moderators

While the previous analysis fail to find evidence that democratic institutions and executive
constraint likely mediate changes in PRI ratings, such aspects of the political institution
can still function as moderators of productivity shock’s effects (Proposition 3). We hence
divide the countries into two subsamples based on the within-sample average of the Polity
V and WGI Control of Corruption indexes, and assign the observations belonging to each
country to the two subsamples. We then estimate the regression (1) for the two subsamples
and plot the marginal effect of climate shocks.

Figure 6a presents the results for the subsample regressions using country-average
Polity V index. The temperature marginals (left panel) strongly suggest that the less
democratic countries, in triangesl, have a significantly larger marginal effect (i.e., more
likely to experience downgrades) than their more democratic counterparts with similar
climate conditions, in circle. In fact, none of the more democratic countries have a statisti-
cally significant positive marginal. The general pattern of colder-climate countries being
more prone for downgrades faced with warm weather remains for both subgroups.

In contrast, the right panel of Figure 6a, which shows the precipitation marginals,
suggests that the two groups do not differ in their responses to droughts. The marginals
are largely just a function of average precipitation levels, with the triangle and circle points
largely overlapping.

The two panels of Figure 6b repeat the exercise, but using the WGI “control of cor-
ruption” index. The results suggest that while temperature effects’ heterogeneity are not
strongly driven by temperature, the drought effects are substantially larger and almost
exclusively focused on more corrupt countries–to the extent that there is no overlap in the
distribution of less- and more-corrupt countries.

Taken together, the results highlight the interaction between democratic institutions,
anti-corruption institutions, and property-right institutions as captured by PRI expropria-
tion risk rating. We leave the establishment of causal link between democratic institutions
and resilience to climate shocks for future studies.

6 Conclusion

Combining novel global panel data set of PRI risk ratings, gridded weather data set, and
other macroeconomic outcomes, we find that countries in colder and wetter climates are
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particularly likely to have their risk rating downgraded following hotter- and drier-than-
average climate conditions. Such results also follow through for actual expropriation
cases and in the sudden accumulation of government capital. We identify democratic
institutions as a potential driver of the effects that we observe throughout the analysis.

Future studies could potentially aim to link the firm-level expropriation records, as
presented in Arel-Bundock et al. (2020), with firm-level balance sheet results. Additional
studies that highlight the flow of exogenous gains from weather shocks to actual govern-
ment capital would also be very useful.
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Appendix

A Theoretical model and proofs

This section lays out the model of government expropriation, introduced in Section 5. We
briefly recall the model set-up:

Definition A.1 (Investor beliefs and objective function). There are 𝑁 symmetric investors
that share the prior belief on the probability of expropriation 𝑝0 ∼ Beta(𝜅𝜏0, 𝜅(1−𝜏0)). The
investors, subject to the law of motion 𝑘𝑡+1 = (1 − 𝛿)𝑘𝑡 + 𝑖𝑡+1, set their future investment
𝑖𝑡+1 to maximize the expected returns subject to a linear production technology:

(1 − 𝜏0)𝑢
(
𝐴𝑘1 + (𝐶𝐹0 − (𝑘1 − (1 − 𝛿)𝑘0))𝑟 𝑓

)
+ 𝜏0𝑢

(
(𝐶𝐹0 − (𝑘1 − (1 − 𝛿)𝑘0))𝑟 𝑓

)
Following the government’s realization of expropriation probability in time 1, 𝜏1, the in-
vestors update their beliefs to form a posterior 𝑝1

iid∼ Beta (𝜅𝜏0 + 𝑁𝜏1, 𝜅(1 − 𝜏0) + 𝑁(1 − 𝜏1)).
The felicity function 𝑢(𝑥) is

𝑢(𝑥) = 1 − exp(−𝜆𝑥)

Definition A.2 (Government objective function). There is a unitary expropriating agent
(“government”) that chooses 𝜏1 to maximize the following:

𝑁𝜏1𝐴𝑘∗1(𝑝0) + 𝛼𝑁
[
(1 − E[𝑝1(𝜏1; 𝑝0)])𝐴𝑘∗2(𝑝1(𝜏1; 𝑝0))

]
A.1 Proof of main results

We start with a partial equilibrium for the investor:

Theorem A.1 (Optimal investment given belief). Consider an arbitrary investor with belief
𝑝 for future expropriation probability. Under Assumption 1, the investors’ optimal future
capital is

𝑘∗𝑡+1(𝑝𝑡) =
1
𝜆𝐴

log
(
1 − E[𝑝𝑡]
E[𝑝]

𝐴 − 𝑟 𝑓

𝑟 𝑓

)
When Assumption 1 is violated 𝑘∗

𝑡+1 = 0.

Proof. This is a simple result of solving the unconstrained optimization, defined in Defi-
nition A.1. □
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Note that the above statement applies for all 𝑝, for beliefs at any time. This directly proves
Proposition 1:

Corollary A.1.1 (Proof of Proposition 1). See that

𝜕𝑘∗
𝑡+1

𝜕E[𝑝] = −
(

1
1 − E[𝑝] +

1
E[𝑝]

)
< 0

We now move onto the Propositions regarding the optimal expropriation probability, 𝜏∗1.
We first present a Lemma:

Lemma A.2 (FOC with respect to 𝜏1). Given Bayesian investors in Definition A.1 with
E[𝑝0] = 𝜏0 and the objective function in Definition A.2, the optimal 𝜏∗1 satisfies

log
(
1 − 𝜏0
𝜏0

𝐴 − 𝑟 𝑓

𝑟 𝑓

)
− 𝛼

𝑁

𝜅 + 𝑁

[
log

(
𝐴 − 𝑟 𝑓

𝑟 𝑓

1 − E[𝑝1(𝜏∗1; 𝑝0)]
E[𝑝1(𝜏∗1; 𝑝0)]

)
+ 1
E[𝑝1(𝜏∗1; 𝑝0)]

]
= 0 (A1)

where E[𝑝1(𝜏1; 𝑝0))] = 𝜅
𝜅+𝑁 E[𝑝0] + 𝑁

𝜅+𝑁 𝜏1 = 𝜅
𝜅+𝑁 𝜏0 + 𝑁

𝜅+𝑁 𝜏1.

Proof. Note first that the objective function of the government is, dropping the 𝑁 terms
and using the optimal investment in Theorem A.1,

𝜏1𝐴𝑘∗𝑡+1(𝑝0) + 𝛼

(
1 − 𝜅

𝜅 + 𝑁
𝜏0 −

𝑁

𝜅 + 𝑁
𝜏1

)
× 𝐴𝑘∗2(𝑝1(𝜏1; 𝑝0))

= 𝜏1
1
𝜆

log
(
1 − 𝜏0
𝜏0

𝐴 − 𝑟 𝑓

𝑟 𝑓

)
+ 𝛼

(
1 − 𝜅

𝜅 + 𝑁
𝜏0 −

𝑁

𝜅 + 𝑁
𝜏1

)
×

(
𝐴

1
𝜆𝐴

log

(
𝐴 − 𝑟 𝑓

𝑟 𝑓

1 − 𝜅
𝜅+𝑁 𝜏0 − 𝑁

𝜅+𝑁 𝜏1
𝜅

𝜅+𝑁 𝜏0 + 𝑁
𝜅+𝑁 𝜏1

))
Taking the derivative of this equation with respect to 𝜏1 and dropping 𝜆 yields the FOC:

log
(
1 − 𝜏0
𝜏0

𝐴 − 𝑟 𝑓

𝑟 𝑓

)
− 𝛼

𝑁

𝜅 + 𝑁
log

(
𝐴 − 𝑟 𝑓

𝑟 𝑓

1 − 𝜅
𝜅+𝑁 𝜏0 − 𝑁

𝜅+𝑁 𝜏∗1
𝜅

𝜅+𝑁 𝜏0 + 𝑁
𝜅+𝑁 𝜏∗1

)
− 𝛼

𝑁
𝜅+𝑁

𝜅
𝜅+𝑁 𝜏0 + 𝑁

𝜅+𝑁 𝜏∗1
= 0

Using the definition of E[𝑝1(𝜏1; 𝑝0)], we get

log
(
1 − 𝜏0
𝜏0

𝐴 − 𝑟 𝑓

𝑟 𝑓

)
= 𝛼

𝑁

𝜅 + 𝑁
log

(
𝐴 − 𝑟 𝑓

𝑟 𝑓

1 − E[𝑝1(𝜏∗1; 𝑝0)]
E[𝑝1(𝜏∗1; 𝑝0)]

)
+ 𝛼

𝑁
𝜅+𝑁

E[𝑝1(𝜏∗1; 𝑝0)]

Cleaning up terms lead to the result above. □

The proof of Proposition 2 is the result of Implicit Function Theorem:
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Theorem A.3 (Proof of Proposition 2). Let us define the first-order condition in Lemma
A.2 as 𝐹(𝜏1, 𝐴, · · · ) = 0. Then, the following stands under Assumptions 1 and 2:

𝜕𝐹

𝜕𝐴
> 0, 𝜕𝐹

𝜕E[𝑝1(𝜏∗1; 𝑝0)]
> 0

Under implicit function theorem

𝜕E[𝑝1(𝜏∗1; 𝑝0)]
𝜕𝐴

< 0

Proof. See first that

𝜕𝐹

𝜕𝐴
=

𝑟 𝑓

(𝐴 − 𝑟 𝑓 )𝑟 𝑓
− 𝛼

𝑁

𝜅 + 𝑁

𝑟 𝑓

(𝐴 − 𝑟 𝑓 )𝑟 𝑓
=

1 − 𝛼 𝑁
𝜅+𝑁

𝐴 − 𝑟 𝑓

as 𝛼 < 1 by assumption and 𝑁
𝜅+𝑁 < 1, we have 𝜕𝐹

𝜕𝐴 > 0. Further,

𝜕𝐹

𝜕E[𝑝1(𝜏∗1; 𝑝0)]
= −𝛼 𝑁

𝜅 + 𝑁

(
− 1
(1 − E[𝑝1(𝜏∗1; 𝑝0)])E[𝑝1(𝜏∗1; 𝑝0)]

)
+ 𝛼

𝑁

𝜅 + 𝑁

1
E[𝑝1(𝜏∗1; 𝑝0)]2

= 𝛼
𝑁

𝜅 + 𝑁

1
E[𝑝1(𝜏∗1; 𝑝0)]2(1 − E[𝑝1(𝜏∗1; 𝑝0)])

Again, 𝛼 < 1 assumption, combined withE[𝑝1(𝜏∗1; 𝑝0)] < 1 and 𝑁
𝜅+𝑁 < 1, yields 𝜕𝐹

𝜕E[𝑝1(𝜏∗1;𝑝0)] >

0. □

A.2 Model extensions
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B Additional Tables and Figures
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Appendix Figure B1. Distribution of average temperature and experience of rating shifts
Notes: Figure shows the distribution of average temperature for all countries in this study’ data set (black),
versus those of countries that have experienced upgrades at least once (green) and downgrades at least once
(red).
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Appendix Figure B2. Number of Credendo expropriation risk ratings for each country
Notes: Figure shows the number of expropriation risk ratings recorded for each country. Countries with
missing expropriation risk ratings shown in grey.

Appendix Figure B3. Average Credendo expropriation risk ratings for each country
Notes: Figure shows the average rating of Credendo expropriation risk in each country, where higher value
(on a scale of 1 to 7) represents higher expropriation risk (lower institutional quality).
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Appendix Figure B4. Frequencies of expropriation risk rating downgrades
Notes: Figure shows the frequency of Credendo expropriation risk rating downgrade experienced by each
country. Countries without ratings shown in dark grey.

Appendix Figure B5. Frequencies of expropriation risk rating upgrades
Notes: Figure shows the frequency of Credendo expropriation risk rating upgrade experienced by each
country. Countries without ratings shown in dark grey.
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Appendix Figure B6. Credendo expropriation ratings and log of FDI per capita

Appendix Figure B7. Credendo expropriation ratings and % of Reserve to External Debt
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Appendix Figure B8. Downgrades and PRI claims, alternative control group
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Appendix Figure B9. Downgrades and macroeconomic outcomes, alternative control
group
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Appendix Figure B10. Downgrades and expropriation-related PRI claims
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Appendix Figure B11. Downgrades and macroeconomic outcomes, unconditional
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Appendix Figure B12. Temperature shocks and government capital stock share

Appendix Figure B13. Precipitation shocks and expropriation cases
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Appendix Figure B14. Precipitation shocks and government capital growth

Appendix Figure B15. Temperature and political risk, no lags
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Appendix Figure B16. Precipitation and political risk, no lags

Appendix Figure B17. Temperature and political violence rating downgrade
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Appendix Figure B18. Precipitation and political violence rating downgrade
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(a) Total factor productivity

(b) log(Food production index)

Appendix Figure B19. Productivity shock as potential mediator of precipitation effects
Notes: Figure follows the analysis shown in Figure 5, but for precipitation shocks.
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Appendix Figure B20. Temperature shocks and changes in Polity V index

Appendix Figure B21. Precipitation shocks and changes in Polity V index
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Appendix Figure B22. Temperature shocks and changes in WGI corruption index

Appendix Figure B23. Precipitation shocks and changes in WGI corruption index
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