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ABSTRACT

Climate change poses growing threats to economic stability, social welfare, and long-term devel-
opment, particularly in countries with high exposure to climate-related risks and limited fiscal and
institutional capacity. At the same time, climate adaptation remains underfinanced, especially in
low- and middle-income economies that struggle to mobilize sufficient domestic resources. This
study examines whether external debt can function as an effective instrument for reducing climate
vulnerability by supporting climate adaptation and resilience-infrastructure investments. Using a
panel dataset of 174 countries spanning the period from 2004 to 2022, the analysis investigates
the relationship between external debt and climate risk, measured by the Climate Risk Index (CRI),
which captures countries' exposure and sensitivity to extreme weather events. The empirical strat-
egy employs a fixed-effects panel regression framework based on the STIRPAT model to control for
country-specific heterogeneity as well as key socioeconomic and environmental factors. The re-
sults indicate that higher levels of external debt are significantly associated with lower climate risk,
suggesting that external borrowing, when appropriately managed, can enhance adaptive capacity
and reduce vulnerability to climate shocks. Decomposition analyses further show that long-term
external debt and public external debt are particularly effective in lowering climate risk, as these
forms of borrowing are better aligned with the long-term nature of climate adaptation investments
and public resilience infrastructure, while also reducing refinancing pressures. Additional hetero-
geneity analyses reveal that the beneficial effects of external debt are strongest in countries with
low GDP levels and limited progress toward the Sustainable Development Goals, where domes-
tic financing constraints and weaker institutional frameworks restrict adaptation efforts. Overall,
the findings emphasize the importance of debt structure, maturity, and governance in shaping cli-
mate outcomes and contribute to the climate finance literature by providing empirical evidence
that well-designed and targeted external debt can play a constructive role in advancing climate

resilience and sustainable development.
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INTRODUCTION

Climate change is one of the most pressing global
challenges of the 21st century. Its impacts, includ-
ing rising sea levels, desertification, and increasingly
frequent and intense natural disasters, pose serious
threats to ecological systems, human well-being, and
economic stability. In 2021 alone, more than 430
major climate-related disasters caused over 10,000
deaths and economic losses exceeding US$250 bil-
lion (Emergency Events Database (EM-DAT)) 1 The
accelerating frequency and severity of these events,
largely driven by anthropogenic greenhouse gas emis-
sions, underscore the urgency of effective mitigation
and adaptation strategies worldwide.

In response, international institutions and national
governments have adopted a range of policies to ad-
dress climate change, most notably the Paris Agree-
ment. While mitigation efforts have attracted sub-

stantial political attention and financial resources, cli-
mate adaptation, particularly in low, and middle-
income countries, remains chronically underfunded.
Developing countries face significant financial and in-
stitutional constraints that limit their ability to im-
plement adaptation strategies at scale. Recent esti-
mates indicate that adaptation financing needs in de-
veloping countries will reach US$215-387 billion an-
nually by 2030, yet international public adaptation fi-
nance amounted to only US$21 billion in 2021 and
US$32.4 billion in 2022 (UNEP)>3. This leaves an
annual financing shortfall of approximately US$187-
359 billion, with the burden falling most heavily on
least developed countries and small island developing
states. In these economies, adaptation costs already
exceed 1% of GDP in roughly 50 low-income coun-
tries and can rise to as much as 20% of GDP in regions
highly exposed to tropical cyclones and sea-level rise
(UNEP)2.
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A central driver of this persistent financing gap is
the limited capacity of vulnerable countries to mo-
bilize domestic resources. Many low, and middle-
income economies face narrow tax bases, large infor-
mal sectors, and weak fiscal institutions, constraining
revenue generation for climate investment (OECD)*.
High borrowing costs, restricted access to interna-
tional capital markets, and competing social expen-
diture needs further limit fiscal space (IMF)°. For the
most climate-exposed countries, particularly small is-
land states and least developed economies, domes-
tic finance alone is insufficient to meet rapidly rising
adaptation needs.

Against this backdrop, external debt has emerged as
a potential instrument for financing climate adap-
tation and long-term resilience. External debt, de-
fined as liabilities owed by a country to foreign cred-
itors, has traditionally been viewed as a source of fis-
cal vulnerability, especially when mismanaged (Bhat-
tacharya et al.,)®. More recent development finance
literature, however, indicates that when appropri-
ately structured and aligned with sustainability ob-
jectives, external borrowing can enable investments
in climate-resilient infrastructure, disaster risk reduc-
tion, and institutional capacity building. Instruments
such as concessional loans, green bonds, and debt-for-
climate swaps illustrate how sovereign borrowing can
be leveraged to support adaptation goals (Volz; Wade;
Luu et al.,)7~?.

Despite this growing policy relevance, the relation-
ship between external debt and climate risk remains
insufficiently understood.  Existing studies have
largely focused on how climate shocks affect macroe-
conomic outcomes, corporate access to finance, and
sovereign credit risk (Volz; Wade; Luu et al.; Kling et
al.; Ciccarelli & Marotta) 7-11 " A more limited litera-
ture examines innovative financing mechanisms, such
as debt-for-climate swaps or climate funds, primar-
ily through case studies that highlight their potential
to alleviate fiscal pressure while financing adaptation
(Essers and Prowse; Stoll et al.,; Jain et al.,) '2~14. What
remains largely absent is large-scale, quantitative ev-
idence on how the composition of external debt—
across maturity structures and borrower types, shapes
countries’ vulnerability to climate-related hazards.
This omission is consequential. On the one hand,
excessive or poorly structured debt can crowd out
adaptation spending and constrain post-disaster re-
sponses. On the other hand, long-term, concessional,
and well-targeted borrowing may help countries over-
come domestic financing constraints and strengthen
adaptive capacity. This duality makes external debt
a potentially powerful yet controversial policy tool.

Clarifying the conditions under which external debt
supports or undermines climate resilience is therefore
a critical empirical and policy question.

This study addresses this gap by examining the im-
pact of external debt on climate risk across a panel of
174 countries from 2004 to 2022. Using the Climate
Risk Index (CRI) as a proxy for climate vulnerability,
the analysis employs a fixed-effects panel regression
framework grounded in the STIRPAT model. Exter-
nal debt is decomposed by maturity (short-term ver-
sus long-term) and by borrower type (public versus
private), and heterogeneity is explored across income
groups and levels of progress toward the Sustainable
Development Goals (SDGs).

The study makes two main contributions. First, it
extends the climate adaptation finance literature by
conceptualizing external debt as a structural deter-
minant of climate vulnerability rather than solely a
fiscal outcome. Second, it offers policy-relevant in-
sights by identifying which forms of external debt
are most conducive to building climate resilience,
particularly in fiscally constrained and institutionally
weaker economies. The novelty of the analysis lies
in its detailed decomposition of external debt and its
large cross-country panel design, which together al-
low for a systematic assessment of heterogeneity in
debt-climate risk relationships. More broadly, the
study offers evidence on how debt strategies can be
leveraged to confront climate change, helping ensure
that vulnerable countries are not only protected from
climate shocks but also better positioned to adapt in
an increasingly volatile environment.

The remainder of the paper is organized as follows.
Section 2 reviews the relevant literature and develops
the study’s hypotheses. Section 3 outlines the research
methodology and variable construction. Section 4
presents the empirical results and discusses their pol-
icy implications. Section 5 concludes with a sum-
mary of the main findings and directions for future
research.

LITERATURE REVIEW AND
HYPOTHESES DEVELOPMENT

Climate change adaptation has become a central con-
cern in global development issues, gaining increased
attention to the structural, institutional, and finan-
cial factors that shape a country’s climate vulnerabil-
ity. While prior literature has extensively analyzed
the roles of governance, economic development, and
environmental regulation in managing climate risks
(Hedlund et al., Mehrabi et al., Cao et al.,) '>~17, the
relationship between external debt and climate re-
silience remains relatively underexplored.
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Traditional studies of climate vulnerability have fo-
cused primarily on natural and socio-economic fac-
tors, such as geographic exposure, emissions inten-
sity, macroeconomic dynamics, and distributional
impacts (IPCC; Hedlund et al; Cevik & Jalles; Ci-
ccarelli & Marotta) 1111819,

ture has shifted towards the institutional dimension,

More recent litera-

highlighting that countries with stronger regulatory
frameworks, effective governance, and access to pub-
lic goods are better equipped to manage environmen-
tal risks (Adger et al.,; Mehrabi et al.,) 16:20

Prior literature establishes the importance of environ-
mental, economic, and institutional determinants of
climate vulnerability, yet it has largely left financial
structures, and debt in particular, outside the scope
of analysis.

Two competing theoretical perspectives highlight
how external debt could influence adaptation ca-
pacity. The first emphasizes its enabling capacity,
rooted in Development Finance theory (Chenery &
Strout)?!. In this view, external borrowing, espe-
cially in the form of concessional loans, allows capital-
constrained countries to finance infrastructure and
public investment, including in climate adaptation.
From the Adaptive capacity framework (IPCC)??,
such debt enhances a nation’s resilience by expand-
ing its financial and institutional capacity to respond
to climate threats. This positive narrative is supported
by studies demonstrating how targeted debt can fund
flood control systems, drought-resistant agriculture,
and early warning systems (Buhr & Volz; Kharas &
McArthur) 2324,

In this framework, external debt serves as a devel-
opmental tool. Instruments such as green bonds,
resilience-linked loans, and debt-for-climate swaps
are designed specifically to channel funding into cli-
mate mitigation and adaptation efforts. For example,
Volz et al. argue that these mechanisms not only help
secure fiscal relief but also align financial flows with
national environmental goals’. Multilateral institu-
tions like the World Bank and the IMF have also pro-
moted concessional financing schemes aimed at re-
ducing climate risk in low- and middle-income coun-
tries. This literature indicates that well-structured,
long-term, and climate-aligned debt can enhance a
country’s adaptive capacity and reduce long-run vul-
nerability to environmental shocks.

In contrast, a second body of literature, grounded
in debt overhang theory (Krugman) 25 takes a more
cautionary view. According to this perspective, high
levels of external debt, both public and private debt,
weakening fiscal space, straining external balances,

and elevating refinancing risks. For governments, ex-
ternal public debt may constrain budgetary capacity,
as debt repayment absorbs resources that could oth-
erwise be allocated to climate-related investment. For
the private sector, high external corporate or bank-
ing debt can increase vulnerability to exchange rate
fluctuations and sudden stops in capital flows, thereby
reducing firms’ ability to finance green technologies
and adaptation measures. In extreme cases, countries
may fall into a “climate-debt trap,” where repeated cli-
mate shocks increase the need for borrowing, but ris-
ing debt burdens limit adaptation efforts, thus exacer-
bating vulnerability over time (Presbitero et al.,; Buhr
& Volz) 2326,

Beyond theory, empirical evidence remains frag-
mented. Cross-country analyses provide evidence on
how external debt, climate finance, and related fiscal
instruments affect development and vulnerability, yet
they rarely assess in detail how different types of ex-
ternal debt shape climate risk (Arshed et al.,; Luu et
al.,; Nuta; Coulibaly; Scandurra et al.,; Leykun) *2731,
These studies generally find both enabling and con-
straining effects, depending on governance quality,
debt levels, and institutional context. Case-based re-
search (Alhassan & Kwakwa; Adebayo et al.,; Chan-
dia et al.,; Benmelech & Dvir) 3273 illustrates contex-
tual mechanisms in Ghana, India, Pakistan, and East
Asia, showing how debt and resource dynamics in-
teract with environmental stress. Firm-level analy-
ses highlight how climate risk exposure and uncer-
tainty influence capital costs, access to finance, and
corporate debt structures (Kling et al.; Choi; Jawadi et
al,,) 103637 These strands reveal important patterns
but also inconsistencies, with limited synthesis across
scales and a lack of systematic evidence on the role of
debt composition in shaping climate vulnerability.
Overall, the literature demonstrates that external debt
can act as both an enabler and a constraint for cli-
mate adaptation, but cross-country quantitative stud-
ies explicitly linking debt composition to climate vul-
nerability remain almost absent. Moreover, existing
work rarely synthesises these perspectives, leaving un-
resolved the conditions under which debt alleviates
versus exacerbates vulnerability. This absence defines
the core research gap of the need for systematic, com-
parative evidence on how different forms of external
debt interact with climate risk across diverse national
contexts.

To address this gap, this study proposes two compet-
ing hypotheses:

H1a: Higher levels of external debt are associated with
lower climate risk due to enhanced adaptation capac-

ity.
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H1b: Higher levels of external debt are associated
with higher climate risk due to fiscal constraints and
debt overhang effects.

Beside the general debate on the benefits and risks
of external debt, the maturity structure of borrow-
ing plays an important role in shaping climate re-
silience. Long-term debt offers more stable financ-
ing, reduces refinancing pressures, and allows gov-
ernments to plan and invest in resilient infrastruc-
ture, renewable energy, and disaster preparedness. By
contrast, short-term debt heightens exposure to re-
financing risks, capital flow reversals, and exchange-
rate fluctuations, diverting resources away from adap-
tation and increasing systemic vulnerability (Luu et
al.,; Alhassan & Kwakwa; Chandia et al.,; Benmelech
& Dir,) %323435,

H2: Long-term external debt is more effective in re-
ducing climate risk than short-term external debt.
Additionally, long-term debt can provide countries
with stable financing resources and certainty in plan-
ning climate-related investments. With less frequent
refinancing, long-term borrowing reduces exposure
to sudden liquidity pressures and allows resources
to be directed toward projects such as resilient in-
frastructure, renewable energy systems, or disaster-
preparedness programs. In this way, well-managed
long-term debt can strengthen adaptive capacity, cli-
mate resilience investment, and thus reduce climate
risk (Luu et al.,; Alhassan and Kwakwa) *32.

By contrast, high reliance on short-term external debt
increases countries’ vulnerability. Short-term obliga-
tions expose borrowers to refinancing risks and the
possibility of abrupt capital outflows, particularly dur-
ing periods of global financial stress or climate-related
shocks. These dynamics can force governments and
firms to divert resources away from adaptation pro-
grams in order to meet short-term repayment obli-
gations. Moreover, the need to constantly roll over
short-term liabilities enhances exposure to interest
rate risk and exchange rate fluctuations, further con-
straining resilience. For countries already facing fre-
quent climate disasters, the combination of short ma-
turities and climate shocks can quickly deplete fiscal
buffers and increase systemic vulnerabilities (Chan-
dia et al.,; Benmelech and Dvir) 343>,

From this perspective, the maturity structure of debt
offers an important lens for understanding climate
vulnerability.

H2a: Long-term external debt reduces climate risk, as
extended maturities offer stable financing for adapta-
tion and reduce refinancing pressures.

H2b: Short-term external debt increases climate risk,
as refinancing pressures and exposure to sudden cap-
ital flow reversals constrain resilience and adaptation
efforts”

Moreover, the type of external debt also matters. Pub-
lic debt, particularly when concessional and well-
targeted, can expand fiscal space and finance adap-
tation, though excessive levels may still strain bud-
gets. Private external debt, on the other hand, is more
exposed to global market volatility, refinancing risks,
and currency shocks, which can constrain firms’ abil-
ity to invest in resilience and amplify vulnerability
(Alhassan & Kwakwa; Joy & Panda; Luu et al.,) 932,38
This leads to the following hypotheses:

H3: Public external debt is more effective in reducing
climate risk than private external debt.

Previous studies highlight that the developmental
context strongly shapes whether external debt sup-
ports or undermines climate resilience. Countries
with lower income levels often face higher financing
constraints and rely more heavily on external bor-
rowing to fill gaps in adaptation and development
spending. In those countries, external debt can con-
tribute to growth and sustainability when allocated
effectively (Alemu et al.,; Qayyum & Haider) 3>,
On the other hand, wealthier economies tend to have
more budget flexibility and more efficient financial
systems, reducing their dependence on external bor-
rowing for climate-related investments (Fernandez &
Tamayo)“!. Related research on adaptation finance
also suggests that private capital flows are less accessi-
ble in poorer countries, limiting their ability to diver-
sify financing sources and reinforcing reliance on ex-
ternal public debt (Pauw) 42 This evidence indicates
that income level and development capacity are im-
portant in shaping how external debt interacts with
climate vulnerability.

H4: In low-income countries, higher levels of exter-
nal debt is more effective in reducing climate risk by
filling financing gaps for adaptation and resilience in-
vestments.

H5: In countries with low development capacity , ex-
ternal debt is more effective in reducing climate risk
by compensating for weak institutional and develop-
mental capacity.

By testing these hypotheses using a global panel
dataset, this study contributes to a more comprehen-
sive understanding of how debt dynamics intersect
with climate resilience across diverse national con-
texts.

Figure 1 presents the conceptual framework, illustrat-
ing the mechanisms through which external debt, by
type and maturity, affects climate risk, with income
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Figure 1: Conceptual framework of the relationship between external debt and climate risk (Source: Authors’ own

compilation)

level and development capacity conditioning these re-
lationships.

METHODOLOGY

This study investigates the relationship between ex-
ternal debt and climate risk using a panel dataset of
174 countries over the period 2004-2022. The chosen
time frame aligns with the availability of data and en-
compasses key developments in global climate policy
and debt governance, including the Paris Agreement
and evolving climate finance mechanisms.

The research design is built on the STIRPAT (Stochas-
tic Impacts by Regression on Population, Affluence,
and Technology) framework, a widely used empirical
model for analyzing environmental impacts driven by
macroeconomic and demographic factors. By extend-
ing this framework to include financial indicators,
particularly external debt, study introduces a novel
approach to assessing structural determinants of cli-
mate vulnerability.

The dependent variable in this analysis is the Cli-
mate Risk Index (CRI), developed by Germanwatch,
2023. The CRI aggregates four dimensions of climate-
related disasters: total deaths, deaths per 100,000
inhabitants, absolute economic losses in purchasing
power parity (PPP), and economics losses as a per-
centage of GDP. A higher CRI score reflects greater
climate vulnerability. These indicators are normalized
and combined using a weighted ranking approach,
with greater emphasis placed on relative measures to
capture countries’ exposure and vulnerability to ex-
treme weather events. A higher CRI score reflects
greater realized climate vulnerability. The resulting

CRI is a continuous index derived from normalized
relative country rankings across the underlying im-
pact indicators, following the original Germanwatch
methodology applied during the study period. The
CRI is used as a backward-looking indicator, captur-
ing the observed impacts of climate-related events on
countries over time rather than projecting future cli-
mate risk.

The key independent variable is external debt, mea-
sured as the total external debt (including public,
publicly guaranteed, and private nonguaranteed debt,
short-term debt, and IMF credit) expressed as a per-
centage of GDP. To examine the effects of debt com-
position, the study further decomposes external debt
into four subcomponents: long-term vs. short-term
debt, and public vs. private debt. This disaggregation
allows for a more nuanced understanding of how the
structure of borrowing influences climate outcomes.
Control variables are included to capture country-
specific factors that may also affect climate vulnera-
bility. GDP (log of gross domestic product) controls
for economic size, as larger economies may have more
resources for adaptation but also higher absolute ex-
posure to damages. Trade Open (exports plus imports
as a share of GDP) reflects integration with global
markets, which may enhance resilience through re-
source access but also increase exposure to external
shocks. Real Interest Rates capture the cost of bor-
rowing, higher rates may limit fiscal space for adap-
tation investment. Population Growth reflects demo-
graphic pressures, as rapidly growing populations can
strain infrastructure and increase exposure to climate

7102



VNUHCM Journal of Economics, Business and Law 2026, 10(4):7089-7113

hazards. Finally, the share of renewable energy in to-
tal energy consumption (Renewable Energy Consump-
tion) accounts for energy transition progress, since
greater reliance on renewables may reduce long-term
vulnerability. All independent and control variables
are lagged by one year to reduce simultaneity bias and
to reflect delayed effects on climate risk. The final un-
balanced panel includes 1,349 observations after re-
moving missing values. Table 1 reports the summary
of the variable measurement.

The empirical specification is estimated using panel
fixed-effects regression to control for unobserved
The model
also incorporates year fixed effects to account for

time-invariant country characteristics.

global shocks that may simultaneously affect all coun-
tries, such as financial crises or major international
climate agreements. Robust standard errors clus-
tered at the country level are applied to address het-
eroskedasticity and autocorrelation issues. The base-
line model is specified as:

CRI;_\ = Po+ B1 Total External debt;;
+B2GDP;_ + B3Trade Open;;
+B4Real Interest Ratesj_1
+ BsPopulation Growth;,
+BgRenewable Energy Consumption;, 1

Ui+ A+ €

Where CRI};; | represents the Climate Risk Index for
country i at time t; Total External debt;;_;

is the lagged external debt-to-GDP ratio; p; and A; are
country and year fixed effects, respectively; and &;_;
is the error term. Robust standard errors clustered at
the country level are used to ensure valid inference.

RESULTS AND DISCUSSION

Descriptive statistics and Correlation ma-
trix

Table 2 shows descriptive statistics of 1,349 observa-
tions from 174 countries between 2004 and 2022. The
Climate Risk Index (CRI), the dependent variable, has
a mean of 55.23 and ranges from 0 to 126.17, indicat-
ing large disparities in climate vulnerability. The main
independent variable, total external debt as a share of
GDP, has a mean value of 0.497 (equivalent to 49.7%
of GDP), with values ranging from 0.012 to over 4.00,
reflecting differing fiscal capacities across countries.
Control variables also show notable variation: real
interest rates range from —19.4% to 39.9%, and re-
newable energy consumption from 0.1% to 97.3%, in-
dicating diverse financial environments and energy
transitions. GDP and trade openness exhibit moder-
ate dispersion, while population growth remains rel-
atively stable.

Table 3 of correlation matrix shows a weak but sta-
tistically significant negative relationship between ex-
ternal debt and climate risk, indicating higher debt
is slightly associated with lower vulnerability. Other
control variables, including GDP, interest rates, pop-
ulation growth, and renewable energy use, show low
correlations with CRI, minimizing concerns about
multicollinearity. The reported VIF of all the variables
are less than 5, illustrating that the multicollinear-
ity problem does not seriously threaten our empirical
model (Hair et al.) >.

Baseline results

Table 4 presents baseline regression results across
three model specifications to examine the relation-
ship between external debt and climate risk. Col-
umn (1) reports a simple OLS regression without con-
trols. Column (2) includes country-fixed effects to ac-
count for time-invariant national characteristics. Col-
umn (3) adds both country and year-fixed effects,
capturing unobserved heterogeneity and global time-
specific shocks. Across all three models, total exter-
nal debt as a percentage of GDP (ExternalDebt) con-
sistently shows a negative and statistically significant
coeficient, confirming the study’s primary hypothe-
sis (H1a) that higher external debt is associated with
lower climate risk. In the specification with coun-
try and year fixed effects (Column 3), the coefficient
of -12.990 indicates that countries with higher levels
of external debt relative to GDP tend to experience
lower climate risk as measured by the CRI. In prac-
tical terms, an increase of 10 percentage points in the
external debt-to-GDP ratio is associated with an av-
erage reduction of about 1.3 points in the CRI. A re-
duction of 1.3 CRI points reflects an improvement in
a country’s relative climate outcomes, corresponding
to lower observed human and economic losses from
extreme weather events compared to other countries
in the sample. The result suggests that external bor-
rowing, when used effectively, can provide govern-
ments with additional financial resources to support
climate adaptation measures and resilience-building
investments, thereby helping to reduce the observed
impacts of climate-related disasters.

The results also offer insights into the role of con-
trol variables. In the full model (Column 3), GDP
is negatively associated with the Climate Risk Index
(CRI), indicating that higher levels of economic de-
velopment are linked to reduced climate vulnerability,
consistent with the Environmental Kuznets Curve hy-
pothesis. Trade openness and renewable energy con-
sumption (RE) are positively associated with climate
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Table 1: Variable measurements

Variable Measurement Source Supporting studies
Dependent variable
Climate Risk Index  Aggregates total deaths, deaths per =~ Germanwatch Eckstein et al; German-
(CRI) 100,000 inhabitants, absolute eco-  (2023) watch; Gu et al., =%
nomic losses (PPP), and losses as %
of GDP. Higher score correlates to
greater vulnerability.
Independent variable
External Debt Total external debt as % of GDP World Develop-  Luu et al; Haughton and
ment Indicators  Keane >
(WDI)
Long-term Debt Share of total external debt with ma- ~ WDI Luu et al; Alhassan and
turity over one year, % of GDP. Kwakwa 32
Short-term Debt Share of total external debt with ma- ~ WDI Chandia et al.,; Benmelech
turity of one year or less, % of GDP. and Dvir 33>
Public Debt Public and publicly guaranteed exter- ~ WDI Joy and Panda; Mammadli
nal debt as % of GDP. etal. 3847
Private Debt Private nonguaranteed external debt ~ WDI Luu et al.; Arshed et al. %7
as % of GDP.
Control variables
GDP Natural logarithm of gross domestic =~ WDI Khan et al.; Haughton and
product (constant US$). Keane 4048
Trade Openness Sum of exports and imports as % of ~ WDI Adebayo et al; Luu et
GDP. al., %
Real Interest Rate Lending interest rate adjusted for in- ~ WDI Ozili; Volz 7>
flation (GDP deflator).
Population Growth Annual population growth rate (%). WDI Luu et al; Stephenson et
all,
Renewable Energy  Share of renewable energy in total fi-  WDI Owusu and Asumadu-
Consumption nal energy consumption (%). Sarkodie; Olabi and
Abdelkareem >3
Source: Authors’ own compilation
Table 2: Descriptive statistics
N Mean SD Min P25 Median P75 Max
CRI 1349 55.234 39.782 0 19.670 55.830 88.330 126.17
ExternalDel 1349 0.497 0.408 0.012 0.244 0.375 0.644 4121
GDP 1349 23.815 2.063 19.782 22.492 23.474 25.048 30.511
Tradeopen 1349 0.741 0.315 0.172 0.488 0.688 0.946 2.007
Interest 1349 6.833 9.669 -19.442 2.555 6.113 9.893 39.877
Popgrowth 1349 1.539 1.305 -3.218 0.811 1.471 2.417 9.992
RE 1349 40.583 28.914 0.100 14.300 36.600 64.500 97.300

Source: Authors’ own compilation
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Table 3: Correlationmatrix

Variables (1) 2) 3) (4) (5) (6) (7) VIF
(1) CRI 1.000
(2) ExternalDebt - (0.059*** 1.000 1.19
(3) GDP 0.089%*%  _ (.242%%* 1.000 1.37
(4) Tradeopen 0.003 0.304%** -0.138*** 1.000 1.50

p

(5) Interest 0.108*** 0.049** - 0.181%%% - 0.093%** 1.000 1.05
(6) Popgrowth 0.046***  _ 0.081*** - 0.022 - 01124 0.101%** 1.000 1.33
(7) RE 0.068*** -0.033 2 0.148% - 0.324%%* 0.173%*  0.290*** 1.000 1.64

Source: Authors’ own compilation
Note: *, **, *** indicate significance at 10%, 5%, and 1% levels, respectively

Table 4: Baseline regression result

VARIABLES 1) (2) 3
No Controls Country Fixed effects Country Fixed effects
and Year Fixed effects
ExternalDebt -11.319%** -18.782%** -12.990%%*
(2.305) (4.054) (3.002)
GDP 17.623*%* -8.962*
(3.192) (4.539)
Tradeopen 40.427°0* 15.185%*
(8.969) (7.021)
Interest 0.921** 0.236*
(0.175) (0.113)
Popgrowth 5217 1.357
(1.773) (1.177)
RE 0.760*** 0.445*
(0.276) (0.251)
Constant 57.451%** -430.328%** 242.088**
(1.134) (84.104) (106.161)
Observations 2,223 1,348 1,348
R-squared 0.542 0.217 0.524

Source: Authors’ calculation

Notes: This table reports the baseline regression results on the impact of Total external debt on Climaterisk index (CRI). The dependent variable
is CRI. The main independent variable is ExternalDebt. Column (1) is the result of regression of the model using no control. Column (2) is
the regression of the model using country-fixed effects. Column (3) is the regression of the model using country-fixed effects and year-fixed
effects. Robust standard errors are inparentheses. *, **, and *** denote statistical significance at the 10%, 5%, and 1%, respectively.
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risk, potentially reflecting transitional exposure to in-
dustrial activity or initial stages of energy transition.
These findings may imply that greater integration into
global trade can increase exposure to external shocks,
supply-chain disruptions, and carbon-intensive in-
dustries, particularly in developing economies where
environmental standards are weaker (Feng and Li;

Hassan et al.,; Tian et al.,)?>™>7

. The positive asso-
ciation between renewable energy consumption and
climate risk highlights the presence of transitional
risks. In many developing economies, renewable ca-
pacity remains insufficient to replace fossil fuels, and
the costs and uncertainties of transitioning energy
systems may temporarily increase, rather than de-
crease, climate-related risks (Aall et al.,; Stepanov et
al.,; Khalfaoui etal.,) 8- This implies that both vari-
ables capture adjustment processes rather than ma-
ture resilience outcomes.

Robustness tests

We test the robustness of our baseline results through
a set of alternative specifications. First, to address
concerns of endogeneity, we employ the system gen-
eralized method of moments (GMM) following Ullah

et al.,,®!

. This approach uses lagged levels and differ-
ences of external debt as instruments to mitigate si-
multaneity bias and reverse causality. The results re-
ported in Column (1) of Table 5 remain consistent
with the baseline, confirming that higher levels of ex-
ternal debt significantly reduce climate risk, and indi-
cate that the baseline findings are not driven by po-
tential dynamic endogeneity.

Second, in Column (2) we re-estimate the baseline
model using Driscoll-Kraay standard errors, which
are robust to heteroskedasticity, autocorrelation, and
cross-sectional dependence (Hoechle)®?. The coef-
ficients of external debt and its components remain
negative and statistically significant, reinforcing the
stability of our results across alternative specifications.
Thirdly, in Column (3) we include InstitutionalQual-
ity as an additional control to account for the role
of governance in shaping climate resilience. Institu-
tional quality is drawn from the World Governance
Indicators (WGI), covering six dimensions, control
of corruption, government effectiveness, political sta-
bility, regulatory quality, rule of law, and voice and
accountability, and condensed into a single index us-
ing principal component analysis following Bermpei
et al., Kamah et al., and Nguyen & Su®-% . The in-
clusion of InstitutionalQuality does not alter the main
findings, reveal that debt structure and institutional
strength operate as complementary determinants of
climate risk.

Decomposition analysis

Table 6 presents a decomposition of total external debt
into four categories, long-term debt, short-term debt,
public debt, and private debt, to assess how different
debt structures influence climate risk. The results sup-
port H2, showing that long-term external debt has a
statistically significant negative effect on the Climate
Risk Index (CRI). This underscores that longer matu-
rity loans, often used for infrastructure and resilience
projects, are effective in reducing climate vulnerabil-
ity (Beirne et al. Kharas & McArthur)?4%°, In con-
trast, short-term debt shows a positive but statistically
insignificant relationship with climate risk, indicating
limited relevance for long-term adaptation outcomes.
Regarding creditor type, the findings are consistent
with H3 in showing that public external debt ex-
hibits the stronger negative association with climate
risk, with a substantially larger coefficient magnitude
than private external debt. While private external
debt is also negatively and statistically significantly
associated with climate risk, its effect is considerably
smaller, indicating a weaker role in supporting large-
scale climate resilience. This pattern implies that pub-
lic external debt, typically aligned with national devel-
opment strategies and often provided on concessional
terms, is more effective in financing comprehensive
climate adaptation initiatives than more fragmented
private capital flows (IMF; Combes et al.,) 67,68 This
implies that policymakers should not only monitor
overall debt levels but also optimize debt composi-
tion, focusing on long-term and public financing in-
struments that enhance fiscal stability and alignment
with climate strategies.

These findings highlight that not all debt contributes
equally to climate resilience. The structure and pur-
pose of borrowing matter. From a policy perspective,
countries should not only monitor overall debt lev-
els but also optimize debt composition, favoring long-
term and public financing instruments that are better
suited for climate investment and sustainable devel-
opment goals.

Additional analysis

Table 7 examines heterogeneity across country con-
texts, thereby testing H4 and H5 in relation to the gen-
eral debt-climate relationship outlined in Hla/H1b.
In low-GDP countries, external debt has a negative
and statistically significant impact on the Climate
Risk Index (CRI), supporting H4 and aligning with
H1la, indicating that external borrowing helps reduce
climate vulnerability by filling critical financing gaps
for adaptation. This aligns with the idea that poorer
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Table 5: Robustness tests

VARIABLES (1)
GMM
ExternalDebt -1.978*
(1.124)
GDP -3.766%**
(0.417)
Tradeopen 5.096
(3.325)
Interest 0.151%
(0.080)
Popgrowth 1.556***
(0.359)
RE -0.236%**
(0.031)
InstitutionalQuality
Constant 125.858***
(12.450)
Observations 1,349
Number of countries 86
AR (1) 0.000
AR(2) 0.599
R-squared

) (3)
Discoll-Kraay standard Add governance control
errors variable
-12.990*** -13.000***
(2.791) (2.951)
-8.962* -8.888*
(4.674) (4.624)
15.185** 15.151**
(6.599) (7.208)
0.236*** 0.236*
(0.072) (0.116)
1.357 1.367
(1.166) (1.207)
0.445% 0.443
(0.223) (0.264)
-0.024
(0.345)
225.133** 241.521**
(107.060) (105.836)
1,349 1,348
86
0.4328 0.524

Source: Authors’ calculation

Notes: Thistable reports the robustness test results for the relationship between externaldebt and the Climate Risk Index (CRI). The dependent
variable is CRI. The key independent variables are total external debt and its components. Column (1) presents the System GMM estimates,
addressing potential endogeneity. Column (2) presents the results estimated using Driscoll-Kraay standard errors, which correct for het-
eroskedasticity, autocorrelation, and cross-sectional dependence. Column (3) adds Institutional Quality as an additional control. Robust
standard errors are in parentheses. *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.

countries lack domestic fiscal resources and thus rely
more on external finance to fund climate-resilient in-
frastructure infrastructure (Hallegatte et al.,; Bahram
& Lauren) ®*7?, In contrast, the effect is positive but
statistically insignificant in high-GDP countries, in-
dicating that wealthier nations are less reliant on ex-
ternal debt for climate action due to stronger inter-
nal funding capacities and institutional frameworks.
These results underscore that external debt is particu-
larly valuable for enhancing resilience in low-income
settings. Renewable energy consumption is negatively
associated with climate risk in both GDP groups, sug-
gesting that although countries with higher renewable
use may face greater climate exposure in the full sam-
ple, increased renewable adoption within similar in-

come groups is linked to stronger climate resilience.

Table 7, Column (3) and (4) explores heterogene-
ity based on countries’ development capacity using
SDG performance as proxy. In countries with low
SDG achievement, external debt significantly reduces
climate risk, suggesting that debt plays a compen-
satory role where institutional and developmental ca-
pacity is weak. Conversely, in high-SDG countries,
the effect of debt on climate risk is still negative but
not statistically significant, likely because these coun-
tries already have sufficient domestic mechanisms for
climate adaptation. This implies that the effective-
ness of external debt in building climate resilience
is more pronounced in countries that lag in devel-
opment and institutional readiness (Hallegatte et al.;
Dabla-Norris et al.,) %71,

This result signals for policymakers that external debt
is particularly valuable for countries with low income
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Table 6: Decomposition result

VARIABLES (1) (2) (3) (4)
Long-term hort-term external ublic external debt Private external
external debt debt debt
LTDebt -20.458***
(4.770)
STDebt 8.189
(31.726)
PublicDebt -48.489***
(11.378)
PrivateDebt -16.059***
(4.566)
GDP 17.712%%* 17.496*** 12.332%%* 16.704***
(3.988) (3.889) (3.900) (4.206)
Tradeopen 40.256*** 38.3930¢ 32.259** 42.016***
(13.612) (13.611) (13.908) (14.346)
Interest 0.919%* 0.882%¢ 0.894%* 1.136***
(0.216) (0.206) (0.220) (0.243)
Popgrowth 5.247* 5.171* 4.529 4.874
(3.132) (2.983) (2.796) (3.023)
RE 0.769** 0.925%** 0.728** 0.897*¢
(0.339) (0.335) (0.329) (0.420)
Constant -433.599* -441.990* -291.7427¢ -426.069***
(107.035) (104.964) (106.298) (114.726)
Observations 1,348 1,348 1,348 1,060
R-squared 0.217 0.203 0.225 0.235

Source: Authors’ calculation

Notes: This table reports the decompose tests on the impact of Total external debt on climate risk index (CRI). Thedependent variable is
CRI. The main independent variable is totaldebtgdp. The definitions for all of the variables are shown in Table 3.1. Columns (1) - (4) show the
regression model of each externaldebt component. Includes, long-term external debt, short-term external debt, publicexternal debt and private
external debt. Robuststandard errors are in parentheses. *, **, and *** denote statistical significance at the 10%, 5%, and 1%, respectively.

and weak development capacity. In these contexts,
concessional, long-term, and publicly oriented bor-
rowing can serve as a crucial complement to climate
finance, whereas wealthier and higher-SDG countries
should prioritize mobilizing domestic resources and
crowding in private capital for climate action.

CONCLUSION AND POLICY
IMPLICATIONS

This study explores the relationship between external
debt and climate risk across 174 countries from 2004
to 2022, using panel regression methods and the Cli-
mate Risk Index (CRI) as the key indicator of vulner-
ability. The findings reveal that higher levels of ex-
ternal debt are significantly associated with lower cli-
mate risk, particularly in countries with limited fis-
cal capacity and weak institutional frameworks. De-

composition analysis shows that long-term and pub-
lic external debts are the most effective in supporting
climate resilience, highlighting the strategic impor-
tance of debt structure. Heterogeneity analyses fur-
ther demonstrate that external debt is more beneficial
in low-GDP and low-SDG countries, where it com-
pensates for gaps in domestic financing and institu-
tional readiness.

These findings have several policy implications. Gov-
ernments, especially in low-income and low-SDG
contexts, should integrate climate vulnerability as-
sessments into debt sustainability frameworks and
prioritize concessional climate finance. Multilateral
institutions must expand access to low-cost, climate-
linked lending, while governance systems guiding
debt allocation should be strengthened. Policy co-
herence between debt management and climate goals
must be ensured, with differentiated strategies based
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Table 7: Heterogeneity analysis on the impact of Externaldebt on Climate risk

VARIABLES ) (2 (3) (€]
Low GDP High GDP Low SDG High SDG
ExternalDebt -5.141* 1.848 -26.379** -11.434
(2.751) (5.060) (2.708) (4.344)
GDP 0.891 -7.175%%* 19.892* 15.234**
(1.208) (0.938) (5.487) (3.505)
Tradeopen -2.367 -5.454 46.250 34.115
(5.221) (4.283) (20.983) (21.580)
Interest -0.154 0.242* 0.609** 1.219%%*
(0.164) (0.128) (0.103) (0.112)
Popgrowth -0.298 2,623 22.737** 2.596*
(1.170) (0.955) (2.491) (0.678)
RE -0.212%%* -0.282*%* 0.299 0.902
(0.064) (0.047) (0.395) (0.466)
Constant 56.561** 240.250*** -511.692* -368.480**
(27.088) (26.505) (155.552) (61.664)
Observations 678 671 544 722
R-squared 0.476 0.404 0.273 0.204

Source: Authors’ calculation

Notes: This table reports the additional analysis on the relationship between total external debt and climate risk index (CRI).
The dependent variable is CRI. The main independent variable is totaldebtgdp. Robust standard errors are in parentheses. *, **,
and *** denote statistical significance at the 10%, 5%, and 1%, respectively.

on countries’ economic conditions. Specifically, debt
management strategies should emphasize long-term
borrowing over short-term liabilities to minimize re-
financing risks, and prioritize public debt instruments
that are better aligned with national adaptation plans.
Moreover, for low-income and low-development-
capacity countries, external debt should be struc-
tured in a way that directly channels resources to re-
silience investments, while high-income and high-
development-capacity countries should complement
external borrowing with domestic resource mobiliza-
tion. Overall, if well-designed and targeted, external
debt can serve as a valuable tool for advancing climate
resilience and sustainable development.
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No nudc ngoai c6 lam giam rui ro khi hau khéng? Bang chiing thuc
nghiém trén pham vi toan cau

Luu Hanh Nguyén®, Nguyén Thanh Huyén

TOM TAT

Bién d6i khi hau dang gay ra nhiing maoi de doa ngay cang nghiém trong doi vai sy 6n dinh kinh
6, phuic gi xa hoi va phét trién dai han, dic biét tai cac qudc gia chiu &nh hudng Ién tr rdi ro khi
hau, trong khi nang luc tai khoa va chat lugng thé ché con han ché. Béng thdi, nguédn tai chinh
ho trg thich Ung véi bién déi khi hau van con thiéu hut nghiém trong, dac biét & cac nén kinh té
thu nhép thép va trung binh, nai gap nhiéu khé khan trong viéc huy déng nguén luc trong nudc.
Nghién cttu nay xem xét liéu ng nudc ngoai cé thé déng vai trdo nhu mét cong cu hiéu qua nham
giam thiéu muc dé tn thuong trudc bién déi khi hau thong qua viéc ho trg cac khodn dau tu cho
thich tng khi hdu va co sé ha téng tang cuong kha ndng chéng chiu hay khéng. St dung béd dir
liéu bdng gém 174 qudc gia trong giai doan 2004-2022, nghién ctu phan tich méi quan hé gila
NG nudc ngoai va rdi ro khi hau, dugce do lusng bang Chi s6 Rui ro Khi hau (Climate Risk Index —
CRI), phan anh mdc d6 anh hudng va nhay cam clia cac quéc gia trudc cac hién tugng thai tiét cuc
doan. Chién lugc thuc nghiém &p dung mo hinh héi quy bang tac dong cé dinh dua trén mé hinh
STIRPAT nham ki€ém soat cac dac diém di biét theo qudc gia cling nhu cac yéu té kinh té — x& hoi
va méi trudng then chét. Két qua cho thdy muc ng nudc ngoai cao hon ¢ méi lién hé co y nghia
théng ké vai rdi ro khi hau thdp hon, ham y rang viéc vay ng ti bén ngoai, néu dugc quan ly pht
hop, cé thé nang cao nang luc thich tng va gidm muc dé dé tén thuong trudc cac ci sée khi hau.
Phan tich sau hon cho thay ng nudc ngoai dai han va ng nudc ngoai ctia khu vuc cong dac biét
hiéu qua trong viéc lam gidm rdi ro khi hau, do cac hinh thuic vay nay phu hgp hon véi ddc tinh dai
han clia cac khodn dau tu thich tng khi hau va co s& ha tang chéng chiu, déng thai giup giam ap
luc téi cdp vén. Cac phan tich b sung chi ra rang tac dong tich cuc clia ng nudc ngoai ré nét nhat
& cac quoc gia c6 GDP thdp va muc do hoan thanh cac Muc tiéu Phét trién Bén viing con han ché,
nai cac rang budc vé tai chinh trong nudc va khudn khé thé ché yéu kém can tré nd luc thich tng.
Nhin chung, cac phat hién nhan manh tdm quan trong cla cau trdgc, ky han va quan tri ng trong
viéc tdc dong dén mic dd chéng chiu rdi ro khi hau clia cac quéc gia, ddéng thdi dong gép cho
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