
Macroeconomic Dynamics (2026), 30, e37, pp. 1–28
doi:10.1017/S1365100526101060

ARTICLE

Transition risks and sovereign debt costs: a premium
on fossil resources?
Mouez Fodha1,2 , Djamel Kirat3, and Chahir Zaki3

1Paris School of Economics, France
2Université Paris 1 Panthéon-Sorbonne, France
3University of Orleans Faculty of Law Economics and Management, France
Corresponding author:Mouez Fodha; Email: mouez.fodha@univ-paris1.fr

Abstract
This paper examines the impact of low-carbon transition risks on sovereign borrowing costs. Using two
unbalanced panel datasets covering 125 countries from 1995 to 2019, we estimate extended models of the
macroeconomic determinants of short- and long-term sovereign debt costs. We include key indicators
capturing exposure to transition risks, such as fossil resource abundance, the carbon intensity of GDP, and
the share of renewable energy in total energy consumption. Results show that fossil resource abundance
and a higher renewable energy share are associated with lower borrowing costs, whereas greater carbon
intensity raises sovereign debt costs. Financial markets therefore appear to reward fossil resource endow-
ments while penalizing carbon-intensive uses of these resources. This reveals a contradictory signal: fossil
resource wealth lowers the cost of public borrowing, as it is perceived as a form of implicit collateral, while
the actual use of these resources increases borrowing costs, reflecting a carbon risk premium.
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1. Introduction
The Sixth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC (2023))
underscores the climate emergency and advocates for a drastic reduction in greenhouse gas
(GHG) emissions to achieve low CO2 emission targets compatible with human life. To meet
this goal, economic instruments such as emission standards, carbon taxes, or emissions trad-
ing schemes have proven effective. However, their global impact remains limited in the absence
of a binding international agreement involving most members of the international community
(Nordhaus (2018)). From this perspective, it is worth asking whether financial markets can play a
role in coordinating climate action. Our work investigates whether financial markets are anticipat-
ing the long-term decline of fossil-intensive sectors. More specifically, do they penalize countries
lagging in the low carbon transition by increasing the cost of public borrowing?

Since the Paris Agreement (2015), the links between financial markets and climate change have
been formally conceptualized through the definition of new risks, such as climate risks and low-
carbon transition risks (Monasterolo (2020)). This agreement underscores the urgent need to
align financial flows with a low greenhouse gas emissions pathway and climate-resilient devel-
opment. Failure to do so would expose financial markets to the negative impacts of at least two
distinct risks. On the one hand, most countries will face climate risks, which encompass dam-
age to physical assets, natural capital, and human life, leading to losses in productive capacity
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and gross domestic product (GDP) due to climate-related weather events (IPCC (2023)). On the
other hand, low-carbon transition risks arise from policies aimed at achieving carbon neutrality
by transforming the economy, potentially resulting in asset devaluation in certain sectors. These
risks are measured by the financial losses incurred from the revaluation of assets in the affected
sectors (Batten et al. (2016), Battiston et al. (2017)). Such risks stem from factors including the
increased use of carbon pricing, the implementation of stricter environmental regulations, the
emergence of stranded assets, and market risks linked to declining demand for carbon-intensive
products. This article examines the impact of low-carbon transition risks on the cost of sovereign
debt. If these risks are both significant and correctly anticipated by financial markets, the countries
most exposed to them should face risk premiums, leading to higher public borrowing costs. An
increase in the cost of public borrowing should incentivize countries to take necessary measures
to protect themselves against these risks and reassure financial markets by implementing stricter
environmental policies and diversifying their energy mix. In the short term, however, these risk
premiums could further weaken the public finances of countries already exposed to major risks,
exacerbating the difficulties in financing investments necessary for environmental protection.

As a key driver of climate change, fossil fuels play an important role at the macroeconomic
level, particularly in relation to aggregate variables such as economic growth, public finances,
investment, and trade. Against this background, our work focuses specifically on the impact of
fossil fuels on the cost of public debt. This question is important for several reasons. First, since
achieving carbon neutrality targets requires the decarbonization of energy and the phasing out of
fossil fuels, countries abundant in these resources face the risk of being left with large amounts of
stranded assets (transition risk). Second, the combustion of fossil fuels, which emits greenhouse
gases, exacerbates the risk of physical damage linked to climate change (climate risk). In both
cases, affected countries will suffer significant economic consequences, either facing a height-
ened risk of default or being forced to borrow heavily to finance disaster recovery and climate
adaptation measures. In financial markets, these effects will be even more pronounced if the
countries are particularly vulnerable, such as those with high levels of debt or a strong oil depen-
dence. Consequently, lenders will perceive these countries as riskier and will demand a higher risk
premium on loans.

We therefore investigate the existence of risk premiums associated with exposure to low-
carbon transition risks through extended models of the macroeconomic determinants of
sovereign debt costs. These models incorporate key indicators of exposure to low-carbon tran-
sition risks, including fossil resource abundance, the carbon intensity of GDP, and the share of
renewable energy in total energy consumption. More specifically, the risk of stranded resources
is proxied by fossil resource abundance as measured by subsoil wealth in fossil resources, while
the carbon intensity of GDP captures the risk that carbon-intensive productive capital will be
stranded. Using fossil resource abundance, measured by a country’s subsoil wealth, as an explana-
tory variable for sovereign borrowing costs makes it possible to simultaneously test two mutually
exclusive mechanisms through which natural resources may affect debt costs. Financial markets
may either regard fossil resources as an implicit form of collateral (i.e., a guarantee of repayment)
or, conversely, as a risky asset due to the possibility of becoming stranded. The sign of the associ-
ated estimated parameter indicates which mechanism dominates, thereby revealing how financial
markets perceive a country’s fossil resource abundance.

The mechanisms through which climate change affects sovereign borrowing costs are illus-
trated in Figure 1. The latter provides a schematic representation of the causes and transmission
channels of environmental-related financial risks to public debt. Climate-related financial risks
refer to the negative financial consequences of climate change. They encompass both transition
risks associated with the shift toward a low-carbon economy and physical risks, such as the loss of
fisheries due to changing ocean temperatures or damages resulting from extreme weather events.
Figure 1 shows that transition risks toward a low-carbon economy may arise from stringent
and abrupt environmental regulation, technological progress that enhances carbon and energy
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Figure 1. The causes and transmission channels of environmental-related financial risks on public debt cost.

efficiency, or shifts in consumer preferences toward low-carbon products. These risks primarily
materialize through stranded asset risks in a broad sense, encompassing stranded resources and
stranded productive capital. These losses may undermine governments’ ability to service their
debt, thereby increasing the risk of default and consequently leading to higher borrowing costs.
Figure 1 also highlights that climate risks, although not the focus of this article, arise from the
accumulation of CO2 in the atmosphere and are exacerbated by weak or lax environmental regu-
lation. These risks materialize through natural disasters, which directly affect key macroeconomic
variables, including public debt, or indirectly through financial losses resulting from climate-
related litigation and biodiversity loss. Such disasters can indirectly influence transition risks when
sudden environmental regulations are implemented in response to extreme weather events.

We focus on public debt because climate-related financial risks directly affect governments’
fiscal sustainability and are likely to be reflected in the sovereign risk premiums required by finan-
cial markets. Our empirical framework is therefore explicitly designed to analyze sovereign, rather
than private, borrowing. Private debt generally carries more microeconomic and sector-specific
risks with shorter maturities, whereas public debt is exposed to macroeconomic and sovereign
risks over longer horizons. Climate risks and fossil resource abundance are inherently long-term
in nature, making them more relevant for sovereign debt dynamics. In addition, national (state-
owned) oil companies control the majority of global fossil fuel reserves, typically between 75%
(NRGI (2024))1 and 90% (European Bank for Reconstruction and Development (EBRD) (2021)),
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depending on the source. As resource portfolios are predominantly held by governments, climate-
related financial risks linked to fossil assets are more directly transmitted to the public sector. This
further reinforces the rationale for concentrating on public debt in our analysis.

We draw on two unbalanced panel datasets to analyze the costs of short-term and long-term
borrowing. These datasets span the period from 1995 to 2019 and together include 125 countries.
The composition of the datasets varies primarily due to data availability and differences in how
countries access credit, with developing nations tending to rely more heavily on short-term bor-
rowing. The results show that countries with abundant fossil resources and those with a higher
share of renewable energy in their energy mix benefit from lower borrowing costs. Conversely,
countries with a more carbon-intensive GDP face higher interest rates on public debt. These find-
ings, which reveal a seemingly ambiguous relationship between fossil resource wealth and debt
costs, lead to two key insights. First, fossil resources are an important determinant of debt sustain-
ability. Second, preserving fossil resource reserves rather than exploiting them could mitigate the
risk of rising borrowing costs in resource-rich countries. Overall, our results suggest that financial
markets reward the availability of fossil resources while penalizing their use, reflecting a paradox-
ical dynamic in which markets support the low-carbon transition while continuing to value fossil
fuel endowments.

The remainder of the paper is structured as follows: Section 2 contains a brief literature review
on the interrelationships between climate change, fossil fuels, and public finances. Section 3
describes the data used. Section 4 presents the methodological approach, and Section 5 discusses
the empirical findings. Section 6 concludes and provides some policy implications.

2. Literature review
While there is extensive literature on the relationship between debt levels and economic devel-
opment (Reinhart and Rogoff (2010), Eberhardt and Presbitero (2015), Woo and Kumar (2015)),
relatively few studies have examined the role that fossil fuel abundance may play in shaping this
relationship. Fossil resources may stimulate macroeconomic growth through the extraction sector
and resource exports, while local combustion and use provide competitive energy. Fossil resource
abundance is thus a source of economic wealth. Another option is to preserve underground
resources for future use. Finally, abundance constitutes a form of implicit collateral that could
lower borrowing costs. Underinvestment in the energy transition or overinvestment in the fossil
fuel sectors may reinforce the role of abundance, as suggested by the carbon curse assumption (see
Friedrichs and Inderwildi (2013), Chiroleu-Assouline et al. (2020)).

On the other hand, fossil fuel abundance raises concerns about transition risks, particularly
losses associated with stranded assets. Climate policies are being implemented (Paris Agreement
(2015) or COP28 agreement in Dubai (2023)) and are accelerating the phase-out of fossil fuels,
making resource-rich countries more vulnerable. Investors may therefore anticipate a long-term
economic slowdown in these countries, making their ability to repay debt more uncertain. The
most vulnerable economies could be severely affected, especially in the event of external shocks
(e.g., natural disasters, epidemics). These countries will no longer be able to finance their mitiga-
tion and adaptation strategies, further exacerbating their vulnerability. As a result, investors may
demand a carbon risk premium, increasing borrowing costs.

These relationships between climate change, fossil fuels, and public finances have been
addressed by three strands of literature. The first strand studies the impact of natural disasters
on macroeconomic aggregates and public finances. Extreme events are likely to impact economic
growth, productivity, and financial asset values. The literature shows that since the 1990s, a series
of natural disasters have caused substantial economic losses. These lossesmay explain a decrease in
public spending for environmental protection: a fall in GDP implies a decrease in public revenues
and public spending. Climate change increases the frequency and the intensity of extreme weather
events. There are direct and indirect economic impacts of natural disasters. Direct impacts refer
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to the damage to assets (e.g., property), with the losses occurring at the time of the disaster or
shortly thereafter (like the destruction of houses, productive capital, infrastructure, crops, live-
stock...). The indirect impacts include interruptions of economic activities as well as any positive
spillover effects due to the substitution of production (for example, spending on essential goods
and health rather than R&D) and the demand for reconstruction. These indirect impacts cap-
ture the short- and long-term economic losses in economic production and consumption and any
related economic recovery paths (see Fang et al. (2018), Loayza et al. (2012), Botzen et al. (2019)).

The second branch examines the bilateral interactions between climate policies and public
financing capacities. The poorest and most exposed countries cannot implement policies to adapt
to climate change, especially after COVID-19 when public finances deteriorated further. On the
other hand, environmental taxes raise revenue while discouraging greenhouse gas emissions.
Costs associated with climate change could compromise the ability of some countries to repay
their debt. As Dibley et al. (2021) point out, public debt is legitimate as long as it finances an
investment whose returns offset the debt burden. However, climate change threatens economic
growth and therefore weakens the countries affected by extreme events. This risk is all the more
important as the health context in 2020 and 2021 has forcedmost countries to increase their public
debt. The vulnerability of these countries is growing and may lead the most fragile and indebted
to default and enter into a sovereign debt crisis. Faced with this debt risk, which could be exac-
erbated by the consequences of climate change, investors will be tempted to require a higher risk
premium, which would lead borrowers to offer higher interest payments on their debt. Beirne et al.
(2021) show how public borrowing costs can be affected by climate change. The main channels
are the decline in capital, the fiscal consequences of natural disasters, and government spending
related to adaptation and mitigation needs. They estimate the impact of climate risks on bond
yields and find increased vulnerability and lower resilience to climate risks lead to higher bond
yields. Cantelmo et al. (2023) observe that, between 1998 and 2017, on average, during months
when natural disasters occurred in Jamaica, the interest rate paid on government debt increased
by 3.15 percent. Mallucci (2022) studies how natural disasters can exacerbate fiscal vulnerabili-
ties and imply sovereign defaults, for seven Caribbean countries frequently hit by hurricanes. He
shows that disaster risk reduces the government’s ability to issue debt and that climate change fur-
ther restricts government access to financial markets. Furthermore, he predicts that in Caribbean
countries, if the frequency and intensity of hurricanes increase as expected, credit spreads will
increase by more than 30 percent. This result is also supported by Kling et al. (2025) who estimate
that countries vulnerable to natural disasters pay, on average, a 1.17 percent higher cost of debt
compared to countries less exposed to climatic events.

The risk of default on public debt can be explained by the fact that financial markets currently
do not fully take climate change risks into account in their measures of the risks associated with
financial contracts. Loans to exposed countries for highly polluting projects may be made, while
conversely, sustainable investment strategies are discarded (Monasterolo (2020)). More generally,
the mispricing of climate risks could lead to systemic risk and financial instability. For these rea-
sons, it seems important that governments systematically assess their exposure to climate risks
and disseminate these assessments and risks to economic actors. Only Ghana has undertaken this
risk assessment to secure borrowing in response to the COVID-19 crisis (Dibley et al. (2021)).
This information requirement would inevitably result in higher borrowing costs for vulnerable
countries, creating a clear disincentive to disclose such information.

The third branch analyses the impact of climate change and natural resources on public and
private debt. Natural resources have a direct impact on public debt through the income that they
generate. Ampofo et al. (2021) show that resource-rich countries have a bidirectional relationship
between resource rents and public debt accumulation. In the short run, an increase in resource
revenues reduces public debt, but in the long run, dependence on natural resources can increase
debt due to price instability and poor fiscal policies. Similarly, high levels of public debt can influ-
ence the management of natural resources, in particular by encouraging governments to intensify
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extraction in order to finance debt servicing. This mechanism has been characterized as the debt-
resource hypothesis (Neumayer (2005)). In the case of Ghana, Alhassan and Kwakwa (2023) show
that increased extraction of natural resources to meet budgetary needs has a negative impact on
the environment, which could threaten long-term economic sustainability. Clootens and Magris
(2024) show that countries with abundant fossil resources benefit from favorable borrowing con-
ditions when resource prices are high. However, when prices fall, investors perceive increased risk,
leading to a rise in public debt costs.

These interactions become more complex as climate change affects the value of natural
resources. The mechanisms at work are linked to transition risks and stranded assets. The rise
of renewable energy and the decline in demand for fossil fuels affect the long-term value of fossil
resources. This uncertainty can increase the risk premium associated with the sovereign debt of
countries dependent on fossil fuels (Humphreys and Sandbu (2007)). This is clearly the case for
carbon-intensive publicly owned assets, such as coal mines or energy utilities in several EU coun-
tries. These could become stranded assets, as they are no longer economically viable when carbon
prices rise. An estimated $12 trillion of assets could become stranded by 2,050, equivalent to 3%
of the capital stock (Banque de France (2019)).

A more recent literature has focused on the impact of these risks on the assets and debts of
private firms. A consensus is emerging that companies bear an additional carbon cost when their
efforts to adapt to climate change are weak. Bolton and Kacperczyk (2023) examine how carbon
emission levels and trends affect stock market returns on a global scale. The study examines how
factors such as economic development, energy structure, and institutions influence the relation-
ship between carbon emissions and stock market returns. They show that carbon emission levels
and their growth are significantly correlated with stock market returns. Firms in high-emission
countries and high-emission firms both tend to exhibit lower stock market returns.

Our paper lies at the intersection of these three strands of literature and complements previ-
ous findings by focusing on public debt at a large scale. We therefore use original data on fossil
resources and the cost of public debt, incorporating a broader geographical and temporal dimen-
sion. Unlikemost of the literature, which primarily explores the impact of public debt costs and tax
revenue needs on fossil resources (Ampofo et al. (2021), Alhassan and Kwakwa (2023), Neumayer
(2005)), our focus is on the reverse causality. Nevertheless, the theoretical work of Clootens and
Magris (2024) suggests that a decline in the value of fossil resources, potentially rendering them
stranded assets, should lead to an increase in the cost of public debt. To our knowledge, our study
is the first to empirically test this relationship, and our findings reveal a nuanced effect. We find
that financial markets play an ambiguous role in the face of fossil resources. Indeed, while the
abundance of fossil resources reduces the cost of government borrowing, the level of CO2 emis-
sions per $ of GDP increases this cost, which seems contradictory. Yet, our results suggest a clear
conclusion: fossil fuels should be preserved. We argue that fossil resources are important for debt
sustainability. Therefore, countries should focus on exploring and conserving fossil reserves rather
than depleting them, as this strategy can help resource-rich nations avoid an increase in public
debt costs.

3. Data
3.1 Data and variables
To investigate the costs associated with short-term and long-term borrowing, this study utilizes
two unbalanced panel datasets comprising 125 countries2 globally over the period 1995-2019. The
composition of countries within these datasets varies, primarily due to data unavailability and dif-
ferences in credit access, with developing economies exhibiting a greater reliance on short-term
borrowing. The datasets are further distinguished by the inclusion of two distinct indicators of
government debt costs, both sourced from the International Financial Statistics (IFS) database of
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the International Monetary Fund (IMF). The first indicator is the treasury bill rate, which repre-
sents the rate at which short-term government debt securities are issued or traded in the market.
Thematurity of these securities varies across countries, typically ranging from 3 to 12months. The
second indicator is the government bond yield, which refers to one or more series representing
yields to maturity of government bonds or other bonds indicative of longer-term interest rates.
The maturity of these securities also varies across countries. In most cases, the government bond
yield variable represents the average daily secondary market yield on ten-year fixed-rate govern-
ment bonds. When these data are unavailable, the variable instead reflects the average yields on all
bonds with a remaining maturity of more than three years.

Our datasets also include two groups of variables measuring low-carbon transition risks. The
first group of variables measures natural resource abundance and comes from the World Bank.3
These variables refer to countries’ subsoil wealth and distinguish fossil resources, oil, gas, and coal
from all subsoil resource wealth. The value of a country’s stock of resources is measured as the
present value of the stream of expected rents that may be extracted until the resource is exhausted.
The second group of low-carbon transition risk proxies includes renewable energy consumption
as a share of total final energy consumption that comes from the World Bank4 and CO2 intensity
of GDP (in kg per 2010 U.S. dollar of GDP) taken from theWorld Development Indicators (WDI)
database of the World Bank.

As per our controls, we use a set of standard macroeconomic variables that are likely to affect
the cost of sovereign debt such as debt-to-GDP ratio, exchange rate, inflation, fiscal balance, and
GDP growth. Data on exchange rates come from the IFS database (IMF) and are measured by
the average exchange rate of domestic currencies per U.S. dollar over a year. We also use the
percentage change of the Consumer Price Index (CPI) taken from IFS to account for inflation.
Moreover, total natural resources rents represent the sum of oil rents, natural gas rents, coal rents
(hard and soft), mineral rents, and forest rents. While public debt-to-GDP ratio, budget balance,
and total natural resources rents as a share of GDP come from the WDI of the World Bank, GDP
growth is taken from the Penn World Table 10 (Feenstra et al. (2015)).5 We take the output-side
real GDP at chained PPPs (2017 U.S. dollars) to compute GDP rates of growth.

We finally appeal to proxies of institutional quality from theWorldwide Governance Indicators
database, which capture aggregate and individual governance indicators across six dimensions of
governance: voice and accountability; political stability and absence of violence/terrorism; gov-
ernment effectiveness; regulatory quality; rule of law; and control of corruption. Institutional
quality measures are obtained through large surveys and take values between −2.5 and 2.5.6 We
transform these measures to obtain institutional quality variables ranging from 0 to 5.

3.2 Descriptive analysis
The main descriptive statistics are presented in Table 1 and Figures 2 to 5. They highlight broad
disparities between countries in economic and financial variables, natural resource endowments,
and exposure to low-carbon transition risks. The level of subsoil wealth is illustrative of these
differences; some countries lack natural resources while others are extremely well-endowed.

Figure 2 provides an overview of the average government bond yields across a subsample
of 72 countries,7 revealing considerable heterogeneity among national economies. The average
government bond yield over the period in Venezuela (17.97%) or Ghana (18.68%) is nearly sev-
enteen times higher than that of Japan (1.09%). This variability reflects underlying differences
in economic fundamentals and sovereign risk profiles. Countries distinguished by prudent fiscal
policies, low debt-to-GDP ratios, and robust institutional frameworks tend to exhibit markedly
lower yields. Exemplifying this trend are nations such as Japan (even with high levels of debt),
Switzerland, Denmark, and Luxembourg, whose government bond yields remain exceptionally
low. These yields highlight their status as safe-haven assets, underpinned by strong financial
credibility and minimal perceived risk. In contrast, countries such as Venezuela, Pakistan, South
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Table 1.Summary statistics

Variable Observations Mean SD Min Max

Government bond yields (%) 1,289 6.154 5.169 −0.49 114.228
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Treasury bill rate (%) 1952 8.218 9.085 −0.660 102.923
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Debt-to-GDP ratio (%) 2,282 54.648 36.344 0.827 344.317
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Inflation (%) 2,350 6.001 13.909 −10.067 379.99
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

GDP growth 2,297 0.044 0.088 −0.798 0.823
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Exchange rate (per $) 2,370 367.16 1755.25 0.119 21,697.57
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Nat resource rents to GDP ratio (%) 2,460 5.160 8.658 0 66.653
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fiscal balance (% of GDP) 2,332 −2.381 4.480 −32.124 21.764
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Institutional quality (control of corruption) 2,092 2.779 1.051 0.715 4.959
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Share of renewables (%) 2,466 29.031 27.972 0 96.620
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CO2 intensity (kg per $ of GDP) 2,409 0.435 0.327 0.050 2.917
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total subsoil wealth (2018 constant $) 2,392 1.33× 1011 5.39× 1011 0 7.17× 1012
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fossil fuels (2018 constant $) 2,392 1.17× 1011 5.14× 1011 0 7.16× 1012
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Oil (2018 constant $) 2,391 8.31× 1010 4.32× 1011 0 6.97× 1012
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Natural gas (2018 constant $) 2,368 1.57× 1010 8.72× 1010 0 1.38× 1012
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Coal (2018 constant $) 2,391 1.88× 1010 1.21× 1011 0 1.97× 1012

Figure 2. Average yields on government bonds by country (1995–2019)

Africa, Ghana, and Kyrgyzstan exhibit substantially higher yields, often exceeding 10%, indicative
of heightened sovereign risk and macroeconomic instability.

Figure 3 provides a comparative analysis of the average treasury bill rates across a subsample
of 97 countries, including a notably larger proportion of developing nations than Figure 2. This
disparity arises from the more significant constraints faced by developing countries in access-
ing long-term debt markets, compelling them to rely more heavily on short-term borrowing.
The observed rates exhibit considerable variation, ranging from near 0% to over 25%, reflecting
pronounced economic and financial disparities among the countries in the sample. Four distinct
groups can be identified: (i) countries such as Japan and Saudi Arabia, which exhibit exceptionally
low rates, below 1%; (ii) European countries like Greece, Italy, and Spain, which display rela-
tively low rates between 2% and 5%, indicative of moderate but persistent sovereign risks linked
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Figure 3. Average rates on treasury bills by country (1995–2019).

Figure 4. Average debt to GDP ratios by country (1995–2019).

to high debt levels; (iii) a diverse group of fifty countries with moderate rates ranging from 5%
to 15%, predominantly comprised of developing economies; and (iv) countries with high rates,
largely represented by the least developed nations, such as Zambia, Malawi, and Laos, where rates
exceed 20%. These elevated rates reflect substantial risk premiums, often tied to macroeconomic
instability, high inflation, or political uncertainty.

Figure 4 illustrates the average debt-to-GDP ratios for the countries in our sample, calcu-
lated over the period from 1995 to 2019. The figure highlights the substantial heterogeneity in
public debt levels relative to the size of national economies. The debt-to-GDP ratios vary con-
siderably, ranging from approximately 10% to over 140%, reflecting pronounced disparities in
public debt management practices across nations. Of particular interest is the contrast between
resource-rich nations and those with limited access to such resources. For example, economies
like Russia and Saudi Arabia report some of the lowest debt-to-GDP ratios, while countries such
as Lebanon, Japan, and Greece exhibit particularly high average ratios. Meanwhile, countries like
France, Spain, and Austria occupy an intermediate position within this spectrum.
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Figure 5. Average carbon intensity by country (1995–2019).

Figure 5 illustrates the average carbon intensity of GDP across 121 countries in our sample,
measured in kilograms of CO2 emissions per U.S. dollar of GDP. The data reveal significant vari-
ability in carbon intensity, ranging from less than 0.1 to over 1.5 kilograms per dollar of GDP.
The countries with the highest carbon intensities include Mongolia, Moldova, South Africa, and
Russia.

A closer analysis of Figure 5 suggests that carbon intensity is at least partially associated with the
abundance of fossil resources, reflecting the carbon curse phenomenon. This relationship appears
particularly pronounced in developing and emerging economies. Notably, eleven of the twenty
countries with the highest carbon intensities are also among the twentymost resource-rich nations
in fossil fuels, including Russia, Saudi Arabia, South Africa, Algeria, Libya, India, Iraq, Azerbaijan,
Malaysia, Vietnam, and Egypt.

Before moving on to the empirical estimation, we present several correlations between the key
variables to better understand the relationship between sovereign debt costs and transition risks.
Figure 6 shows that, when country fixed effects (unobserved heterogeneity) are considered, the
relationship between government bond yields and oil abundance (represented by the different
colored dots) is negative, pointing out that oil-abundant countries pay lower interest rates on
their sovereign debts (even if the overall relationship is positive, as represented by the red line).

In the same line of thought, Figure 7 shows a negative and statistically significant relationship
between government bond yields and the share of renewable energy in total energy consumption.
Hence, the greater the share of renewable energy in a country’s energy mix, the lower its debt cost.

Figure 8 shows that higher CO2 intensity of GDP is associated with more expensive debt or
higher interest rates. These preliminary correlations suggest that financial markets reward fossil
resource abundance (as a measure of solvency) while penalizing their use (to meet the net-zero
emissions target).

The next section empirically tests these relationships.

4. The empirical model
We aim to investigate the impact of low-carbon transition risks on sovereign debt costs. To this
end, we extend a standard model from the macroeconomic and financial literature that exam-
ines the determinants of sovereign bond yields (Edwards (1984), Edwards (1986), Beirne and
Fratzscher (2013)) by incorporating proxy variables that capture exposure to low-carbon tran-
sition risks as additional explanatory variables. In this framework, the cost of borrowing for
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Figure 6. Government debt costs and oil abundance.

countries serves as the dependent variable, while the explanatory variables include the most com-
monly used macroeconomic determinants in the literature, such as GDP growth, fiscal balance,
the debt-to-GDP ratio, inflation rate, resource rents as a share of GDP, exchange rate, and insti-
tutional quality.8 The choice of control variables for the pricing of sovereign risk is crucial. The
theoretical literature (Eaton and Gersovitz (1980), Eaton and Gersovitz (1981), Arellano (2008),
Eichengreen and Hausmann (1999)) identifies and supports a wide range of determinants of the
cost of public borrowing and sovereign risk, while empirical studies (Edwards (1984), Edwards
(1986), Eaton and Gersovitz (1980), Eichengreen and Mody (2000), Min (1998), Beck (2001), and
Ferrucci (2003)) test their relevance. Most empirical studies converge on the relevance of vari-
ables such as the level of indebtedness, economic growth, the inflation rate, the exchange rate, and
the fiscal balance as key determinants of sovereign risk across contexts. Indeed, the debt-to-GDP
ratio reflects a country’s level of indebtedness and is widely used as a key indicator of its solvency.
An increase in this ratio signals a deterioration in solvency, which heightens the perceived risk of
default and, consequently, leads to higher borrowing costs. The inflation rate is expected to exert
a positive effect on the cost of sovereign borrowing. Rising inflation prompts lenders to require
higher nominal interest rates to offset the anticipated loss of purchasing power, thereby increas-
ing borrowing costs. In addition, high or volatile inflation heightens uncertainty about future price
levels, which raises the inflation risk premium embedded in interest rates. Persistent inflation may
also signal weak monetary or fiscal discipline, leading investors to perceive greater sovereign risk
and demand higher yields. Furthermore, elevated inflation can reflect broader macroeconomic
imbalances, such as an increased likelihood of a balance of payments crisis, reinforcing percep-
tions of economic instability and a higher probability of default, which in turn raises the risk
premium on sovereign debt. High growth rates are expected to reduce the cost of borrowing as
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Figure 7. Government debt costs and renewable energy consumption.

sustained economic growth strengthens fiscal capacity by increasing tax revenues and improv-
ing budget balances. This reduces sovereign risk premiums and borrowing costs. Fiscal balance
is an indicator of a government’s fiscal discipline. A surplus reduces the risk of default, while a
deficit must be financed through additional borrowing, thereby weakening the country’s solvency.
Exchange rate movements affect sovereign borrowing costs primarily through valuation effects
on foreign-currency-denominated debt and through risk premiums, as exchange rate deprecia-
tion raises debt servicing costs and increases perceived default risk, thereby increasing borrowing
costs (Eichengreen and Hausmann (1999)). Our baseline panel regression model is specified as
follows:

Yit = α + βRit + γZit + δi + λt + εit (1)

where i refers to the country and t to the time period. Y refers to the borrowing cost. This variable
is proxied in the macroeconomic literature as the sovereign bond yield.9 In this article, we proxy
the cost of borrowing by two alternative measures: the 10-year sovereign bond yield and the trea-
sury bill rate, which respectively capture long-term and short-term costs of sovereign borrowing.
Rit represents the exposure to low-carbon transition risk faced by country i in year t. We proxy
this latter variable using various measures among subsoil resource wealth, CO2 intensity of GDP,
and the share of renewables in total energy consumption. We first introduce these variables indi-
vidually with the controls, then we combine them to see how they simultaneously affect debt costs.
Subsoil resource wealth encompasses several variables that allow us to distinguish between fossil
resources, oil resources, natural gas resources, and coal resources. The inclusion of these subsoil
resource wealth variables allows us to test whether different fossil resources can be considered
stranded assets or, conversely, whether they continue to be valued by financial markets. All sub-
soil resource wealth variables are expressed in logarithms in the estimation framework. The other
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Figure 8. Government debt costs and carbon intensity of GDP.

proxy variables for exposure to low-carbon transition risks will help explore the existence of a risk
premium linked to the carbon intensity of GDP and/or a reward associated with the deployment
of renewable energies. Z is a matrix of control variables that includes the debt-to-GDP ratio, the
inflation rate, GDP growth to control for the macroeconomic environment, the budget balance,
exchange rates, the resource rent-to-GDP ratio, and institutional quality. γ represents a vector of
parameters associated with control variables. In panel datamodels, we control for unobserved het-
erogeneity using fixed or random effects, with the δi terms capturing unobserved country-specific
characteristics. We favor a fixed-effects specification for two main reasons. First, unobserved
country-specific factors are likely to be correlated with the explanatory variables included in equa-
tion (1), making the random-effects GLS estimator inconsistent, whereas the fixed-effects within
estimator remains consistent. Second, a Hausman test rejects the null hypothesis of no systematic
difference between the two estimators, in favor of the fixed-effects specification.10 λt denotes a full
set of time-varying fixed effects serving to capture exogenous shocks that could affect all countries
of our sample in the same way, and εit is the error term.

5. Results
We estimate equation (1) with country-specific fixed effects using the Prais-Winsten procedure to
address first-order autocorrelation within the panels. Additionally, we adjust the standard errors
of the estimated parameters to account for both panel-groupwise heteroskedasticity and cross-
sectional dependence, following Beck and Katz (1995). Tables 2 and 3 report estimates of equation
(1) when the dependent variables are, respectively, government bond yields and treasury bill rates;
the proxies for exposure to low-carbon transition risk are represented by various measures of
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Table 2.Estimation results of government bond yield drivers and impacts of natural resources

Dependent variable Government bond yield

ln(subsoil) 0.0195

(0.0181)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(fossil) −0.0502
(0.0388)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(oil) −0.0811∗∗

(0.0319)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(gas) −0.0665∗∗

(0.0280)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(coal) 0.00319

(0.0191)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Debt-to-GDP ratio 0.0129∗ 0.0133∗ 0.0139∗ 0.0144∗∗ 0.0129∗

(0.00707) (0.00714) (0.00717) (0.00721) (0.00709)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Inflation 0.0624∗∗ 0.0618∗∗ 0.0611∗∗ 0.0608∗∗ 0.0622∗∗

(0.0251) (0.0250) (0.0251) (0.0252) (0.0250)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

GDP growth −1.406∗ −1.403∗ −1.399∗ −1.433∗ −1.419∗

(0.814) (0.812) (0.812) (0.818) (0.812)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Exchange rate 0.00346∗ 0.00356∗∗ 0.00339∗ 0.00345∗∗ 0.00353∗∗

(0.00177) (0.00177) (0.00175) (0.00175) (0.00178)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Nat resource rents 0.0804∗ 0.0822∗ 0.0818∗ 0.0834∗ 0.0810∗

(0.0475) (0.0477) (0.0476) (0.0476) (0.0477)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Fiscal balance −0.0482∗∗ −0.0480∗∗ −0.0489∗∗ −0.0477∗∗ −0.0483∗∗

(0.0203) (0.0203) (0.0203) (0.0204) (0.0203)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Institutional quality −0.861∗ −0.846∗ −0.823∗ −0.873∗ −0.855∗

(0.463) (0.463) (0.462) (0.466) (0.466)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Constant 9.067
∗∗∗

10.85
∗∗∗

11.54
∗∗∗

10.89
∗∗∗

9.526
∗∗∗

(1.687) (1.884) (1.797) (1.684) (1.633)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Country fixed effects Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Time fixed effects Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Observations 932 932 932 929 932
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

R-squared 0.712 0.711 0.712 0.713 0.710
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Number of countries 63 63 63 63 63

Note: Standard errors in parentheses. ∗∗∗ , ∗∗ and ∗ refer respectively to the significance of estimated parameters at the 1%, 5%
and 10% significance levels. The notation ln denotes the logarithmic transformation of the variable.

subsoil resource wealth. Each table is divided into five columns, corresponding to different model
specifications based on the choice of subsoil resource wealth proxies. This approach allows us to
test whether fossil resources have become stranded assets or, conversely, still serve as a guarantee
of solvency. The set of proxies successively includes total subsoil resources, aggregate fossil fuel
resources, and individual categories such as oil, gas, and coal resources.

The estimation results in Table 2 show that the estimated parameters associated with all subsoil
resources, aggregate fossil fuel resources, and coal resources appear to be statistically insignificant.
In contrast, those associated with oil resources and natural gas resources are negative and statisti-
cally significant. All else being equal, a 1% increase in oil resources reduces the cost of debt by 0.08
percentage points, while a similar increase in natural gas resources lowers it by 0.07 percentage
points. These results show that financial markets reward oil and gas resources, viewing them as
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Table 3.Estimation results of treasury bill rate drivers and impacts of natural resources

Dependent variable: Treasury bill rate

ln(subsoil) −0.113∗

(0.0658)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(fossil) −0.0761
(0.0625)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(oil) −0.0223
(0.0778)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(gas) −0.304∗∗∗

(0.105)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(coal) −0.365∗∗∗

(0.125)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Debt-to-GDP ratio 0.0240∗∗ 0.0247∗∗ 0.0246∗∗ 0.0255∗∗ 0.0277∗∗

(0.0118) (0.0117) (0.0118) (0.0119) (0.0121)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Inflation 0.352∗∗∗ 0.352∗∗∗ 0.353∗∗∗ 0.357∗∗∗ 0.349∗∗∗

(0.0459) (0.0460) (0.0460) (0.0463) (0.0459)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

GDP growth −1.040 −1.054 −1.048 −1.037 −1.011
(1.562) (1.569) (1.566) (1.602) (1.551)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Exchange rate 0.000592 0.000565 0.000541 0.000713∗ 0.000602

(0.000391) (0.000391) (0.000391) (0.000377) (0.000396)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Nat resource rents −0.0211 −0.0214 −0.0233 −0.0288 −0.0221
(0.0503) (0.0505) (0.0505) (0.0509) (0.0501)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Fiscal balance −0.101∗∗∗ −0.100∗∗∗ −0.100∗∗∗ −0.102∗∗∗ −0.101∗∗∗

(0.0371) (0.0371) (0.0371) (0.0384) (0.0371)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Institutional quality −0.626 −0.681 −0.631 −0.789 −0.665
(0.714) (0.712) (0.711) (0.720) (0.711)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Constant 21.62∗∗∗ 20.77∗∗∗ 19.35∗∗∗ 25.31∗∗∗ 18.78∗∗∗

(5.032) (4.963) (5.086) (5.084) (4.706)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Country fixed effects Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Time fixed effects Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Observations 1,304 1,304 1,304 1,286 1,304
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

R-squared 0.608 0.608 0.607 0.611 0.608
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Number of countries 80 80 80 80 80

Note: Standard errors in parentheses. ∗∗∗ , ∗∗ and ∗ refer respectively to the significance of estimated parameters at the 1%, 5%
and 10% significance levels. The notation ln denotes the logarithmic transformation of the variable.

repayment guarantees against default risk. Consequently, these fossil resources are not considered
stranded. This finding is not surprising, given that the global primary energy mix is largely domi-
nated by fossil fuels, which accounted for over 80% (oil, 32%; natural gas, 23%; and coal, 27%) in
2023 (Energy Institute (2024)).

With respect to the macroeconomic controls, all estimated coefficients exhibit the expected
signs and are statistically significant. Government bond yields increase with respect to the debt-
to-GDP ratio, the inflation rate, the exchange rate, and the share of natural resource rents in GDP.
Conversely, they decrease with respect to the GDP growth rate, the fiscal balance, and the quality
of institutions.11 Poor institutional quality is associated with a higher cost of borrowing, while
GDP growth reduces the cost of debt. On the other hand, higher inflation rates and a high level of
debt increase the cost of borrowing.
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The estimation results of short-term borrowing costs in Table 3 show that total subsoil wealth
has a negative impact on treasury bill rates. This result is mainly driven by natural gas and coal
resources. All else being equal, a 1% increase in natural gas resources reduces the treasury bill rates
by 0.3 percentage points, whereas a comparable increase in coal resources leads to a reduction of
0.36 percentage points. Oil resources do not appear to have any significant effect on treasury bill
rates. To sum up, oil resources are found to serve as a repayment guarantee for long-term borrow-
ing, whereas coal resources represent a repayment guarantee for short-term borrowing. Natural
gas resources, on the other hand, support both short-term and long-term borrowing. These differ-
ences between fossil resources serving as collateral for long-term and short-term borrowing seem
to depend on the most abundant fossil resources in the countries belonging to the two subsamples
used to estimate the short-term and long-term determinants of sovereign debt costs. Ultimately,
fossil resources do not appear to be stranded; rather, they seem to act as a guarantee for debt
repayment.

The results presented in Table 3 also indicate that all of the estimated coefficients associated
with the macroeconomic determinants of treasury bill rates exhibit the expected signs. However,
only those associated with the debt-to-GDP ratio, inflation rate, and fiscal balance are statistically
significant. In contrast, the estimated parameters associated with GDP growth, the quality of insti-
tutions, and natural resource rents as a share of GDP are statistically insignificant at conventional
levels. This highlights a significant distinction in the determinants of short-term and long-term
borrowing costs. For common macroeconomic factors such as the debt-to-GDP ratio, the infla-
tion rate, and the fiscal balance, the magnitude of their impacts on the two types of borrowing
costs varies considerably. Specifically, a 1 percentage point increase in the inflation rate, all else
being equal, results in a 0.06 percentage point rise in long-term borrowing costs and a 0.35 per-
centage point increase in short-term borrowing costs. Similarly, the effects of public debt level
and fiscal balance are more pronounced for short-term borrowing costs compared to long-term
borrowing costs. However, it is worth noting that the difference between estimation results for the
determinants of long-term and short-term borrowing costs should be interpreted with caution
and assessed in light of the differences among the countries included in the two subsamples used
for estimating government bond yields and treasury bill rates, respectively.

Table 4 summarizes the estimation results of government bond yields and treasury bill rates
based on equation (1), with exposure to transition risks toward a low-carbon economy repre-
sented by two alternative indicators: (i) the CO2 intensity of GDP and (ii) the share of renewables
in total energy consumption. These proxies of exposure to transition risks replace earlier measures
of natural resource wealth, allowing for a comprehensive analysis of the potential risk premium
associated with the carbon intensity of GDP and the prospective benefits linked to the expansion
of renewable energy deployment. The latter two indicators measure a country’s exposure to the
risk that carbon-intensive productive capital may become stranded. The estimated parameters
associated with macroeconomic determinants exhibit qualitative similarities to those presented in
Tables 2 and 3. We therefore focus on the estimated parameters associated with proxies for expo-
sure to transition risks. Our findings reveal a strong and significant positive effect of CO2 intensity
of GDP on both borrowing cost measures. An increase of 100 g per dollar in a country’s carbon
intensity will, ceteris paribus, lead to a rise of 0.47 percentage points in its government bond yields
and 0.54 percentage points in its treasury bill rates. For instance, in Germany, the CO2 intensity
of GDP declined by 42.6 g per dollar between 2010 and 2017, which, all else being equal, resulted
in a 0.2 percentage point reduction in government bond yields. Over the same period, the carbon
intensity of GDP in the United States decreased by 74 g per dollar, corresponding to a decline of
approximately 0.35 percentage point inU.S. government bond yields and 0.54 percentage points in
U.S. government treasury bill rates. This suggests that financial markets incorporate a carbon risk
premium to hedge against a country’s transition risks. This finding is consistent with the results
of Chaudhry et al. (2020), which indicate that CO2 emissions significantly exacerbate sovereign
risk in G7 countries. It also aligns with Beirne et al. (2021), who observe that the impact of climate
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Table 4.Estimation results of sovereign debt cost drivers and impacts of transition risks

Dependent variable: Government bond yield Treasury bill rate

Share of renewables −0.0724∗∗∗ 0.0255

(0.0279) (0.0492)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

CO2 intensity of GDP 4.727∗∗ 5.407∗∗∗

(2.217) (1.256)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Debt-to-GDP ratio 0.0151∗∗ 0.0111∗ 0.0244∗∗ 0.0254∗∗

(0.00692) (0.00662) (0.0118) (0.0115)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Inflation 0.0639∗∗∗ 0.0823∗∗∗ 0.353∗∗∗ 0.348∗∗∗

(0.0246) (0.0276) (0.0451) (0.0449)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

GDP growth −1.272 −1.605∗ −0.962 −0.805
(0.802) (0.831) (1.520) (1.521)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Exchange rate 0.0029∗ 0.0033∗ 0.00043 0.00022

(0.0017) (0.0018) (0.0004) (0.00039)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Nat resource rents 0.0708 0.0618 −0.0264 −0.0163
(0.0457) (0.0491) (0.0492) (0.0492)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Fiscal balance −0.0435∗∗ −0.0548∗∗∗ −0.105∗∗∗ −0.0993∗∗∗

(0.0202) (0.0206) (0.0364) (0.0363)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Institutional quality −0.875∗∗ −0.839∗∗ −0.510 −0.538
(0.433) (0.421) (0.694) (0.678)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Constant 13.09∗∗∗ 7.655∗∗∗ 17.15∗∗∗ 15.92∗∗∗

(2.007) (1.919) (5.399) (4.446)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Country fixed effects Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Time fixed effects Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Observations 969 962 1,350 1,331
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

R-squared 0.723 0.715 0.603 0.609
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Number of countries 63 62 80 79

Note: Standard errors in parentheses. ∗∗∗ , ∗∗ and ∗ refer respectively to the significance of estimated parameters at the 1%, 5%
and 10% significance levels. Transition risks are proxied alternately by the share of renewables in total energy consumption and
CO2 intensity of GDP.

change on bond yields is more pronounced in countries considered highly vulnerable to climate
change.

Furthermore, we identify a significant negative relationship between the share of renewables
in total energy consumption and government bond yields. A 10 percentage point increase in a
country’s share of renewables is associated, ceteris paribus, with a 0.72 percentage point reduction
in its government bond yields.

We further assess the robustness of the baseline results by estimating a set of specifications
in which resource wealth variables are jointly included with alternative measures of exposure to
low-carbon transition risk in equation (1). Specifically, we consider, on the one hand, the joint
inclusion of subsoil resource wealth and the CO2 intensity of GDP and, on the other hand, the
joint inclusion of subsoil resource wealth and the share of renewable energy in total energy con-
sumption. This strategy allows us to simultaneously account for the risk of stranded resources and
the risk of stranded carbon-intensive productive capital within a unified empirical framework. The
corresponding estimation results are reported in Tables 5 and 6.

The estimation results for government bond yields are reported in Table 5. Overall, the results
are qualitatively consistent with the baseline estimates in Tables 2 and 3 and with the specifications
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Table 5.Estimation results of government bond yield drivers including both subsoil resources and CO2 intensity of GDP

Dependent variable Government bond yield

CO2 intensity of GDP 4.477∗ 4.444∗ 4.410∗ 4.371∗ 4.457∗

(2.349) (2.349) (2.352) (2.359) (2.355)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Share of renewables −0.0649∗∗ −0.0680∗∗ −0.0709∗∗ −0.0701∗∗ −0.0655∗∗

(0.0296) (0.0298) (0.0298) (0.0298) (0.0295)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(subsoil) 0.0199 0.0154

(0.0183) (0.0182)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(fossil) −0.0443 −0.0637∗

(0.0382) (0.0382)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(oil) −0.0720∗∗ −0.103∗∗∗

(0.0306) (0.0321)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(gas) −0.0591∗∗ −0.0821∗∗∗

(0.0276) (0.0276)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(coal) 0.00426 0.00158

(0.0193) (0.0186)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Debt-to-GDP ratio 0.0113∗ 0.0117∗ 0.0122∗ 0.0126∗ 0.0113∗ 0.0153∗∗ 0.0160∗∗ 0.0168∗∗ 0.0172∗∗ 0.0154∗∗

(0.00675) (0.00682) (0.00684) (0.00690) (0.00677) (0.00709) (0.00716) (0.00719) (0.00723) (0.00709)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Inflation 0.0796∗∗∗ 0.0789∗∗∗ 0.0782∗∗∗ 0.0778∗∗∗ 0.0795∗∗∗ 0.0618∗∗ 0.0611∗∗ 0.0600∗∗ 0.0602∗∗ 0.0617∗∗

(0.0281) (0.0281) (0.0282) (0.0284) (0.0281) (0.0250) (0.0250) (0.0251) (0.0251) (0.0250)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

GDP growth −1.616∗ −1.616∗ −1.611∗ −1.637∗ −1.630∗ −1.323 −1.312 −1.303 −1.337 −1.338
(0.858) (0.857) (0.856) (0.861) (0.857) (0.827) (0.827) (0.828) (0.832) (0.826)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Exchange rate 0.00341∗ 0.00350∗ 0.00335∗ 0.00340∗ 0.00347∗ 0.00303∗ 0.00309∗ 0.00285 0.00293 0.00308∗

(0.00195) (0.00195) (0.00194) (0.00193) (0.00196) (0.00183) (0.00182) (0.00180) (0.00179) (0.00183)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Nat resource rents 0.0682 0.0703 0.0699 0.0715 0.0691 0.0781∗ 0.0801∗ 0.0793∗ 0.0814∗ 0.0784∗

(0.0505) (0.0507) (0.0506) (0.0507) (0.0507) (0.0469) (0.0471) (0.0470) (0.0470) (0.0471)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Fiscal balance −0.0533∗∗ −0.0531∗∗ −0.0540∗∗ −0.0530∗∗ −0.0535∗∗ −0.0427∗∗ −0.0421∗∗ −0.0430∗∗ −0.0420∗∗ −0.0426∗∗

(0.0211) (0.0211) (0.0211) (0.0212) (0.0211) (0.0206) (0.0207) (0.0207) (0.0207) (0.0206)
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Table 5.Continued

Dependent variable Government bond yield

Institutional quality −0.977∗∗ −0.960∗∗ −0.940∗∗ −0.987∗∗ −0.971∗∗ −0.981∗∗ −0.970∗∗ −0.944∗∗ −0.997∗∗ −0.974∗∗

(0.445) (0.445) (0.444) (0.449) (0.448) (0.458) (0.457) (0.456) (0.460) (0.460)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Constant 7.293∗∗∗ 8.939∗∗∗ 9.565∗∗∗ 9.017∗∗∗ 7.760∗∗∗ 12.33∗∗∗ 14.52∗∗∗ 15.53∗∗∗ 14.61∗∗∗ 12.72∗∗∗

(2.020) (2.113) (2.124) (2.064) (1.988) (2.161) (2.419) (2.360) (2.172) (2.082)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Country fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Time fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Observations 925 925 925 922 925 932 932 932 929 932
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

R-squared 0.716 0.715 0.716 0.715 0.715 0.726 0.727 0.729 0.729 0.726
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Number of countries 62 62 62 62 62 63 63 63 63 63

Note: Standard errors in parentheses. ∗∗∗ , ∗∗ and ∗ refer respectively to the significance of estimated parameters at the 1%, 5% and 10% significance levels. The notation ln denotes the logarithmic transformation of
the variable.
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that include alternative transition risk measures in Table 4. Across all specifications, the estimated
coefficients associated with oil and gas resource wealth remain statistically significant and sta-
ble in magnitude, with no significant differences across models. A similar pattern emerges for
the alternative transition risk measures. The coefficients associated with CO2 intensity of GDP
remain statistically significant, although their significance level slightly declines from the 5% to
the 10% level in some specifications, while the estimated effects of the share of renewable energy
in total energy consumption are consistently statistically significant. Notably, the negative coeffi-
cient associated with aggregate fossil resource wealth becomes statistically significant in the joint
specifications, further reinforcing the interpretation that fossil resources may serve as collateral
for sovereign debt repayment.

Table 6 reports the corresponding estimation results for treasury bill rates. These results are
qualitatively consistent with the baseline estimates and with the specifications including alter-
native transition risk measures. The estimated coefficients associated with oil and gas resource
wealth and CO2 intensity of GDP remain statistically significant and display limited variation
across specifications. When CO2 intensity of GDP is replaced by the share of renewable energy
in total energy consumption, the estimated effects of fossil resource wealth on treasury bill rates
remain largely unchanged, while the coefficient associated with renewable energy deployment is
not statistically significant.

Overall, the evidence indicates that fossil resources still function as implicit collateral for
sovereign debt repayment, whereas financial markets internalize transition risks by pricing a
carbon risk premium associated with the potential stranding of carbon-intensive productive
capital.

Finally, a potential concern in our baseline specifications is the contemporaneous endogene-
ity of some macroeconomic controls, including public debt, fiscal balance, GDP growth, and
the exchange rate. These variables may respond simultaneously to unobserved shocks affecting
the cost of sovereign debt, giving rise to reverse causality or simultaneity bias. To address this
concern, we estimate additional specifications in which the contemporaneous values of poten-
tially endogenous controls, in our baseline models, are replaced by their lagged counterparts. The
identifying assumption underlying this approach is that past realizations of public debt, fiscal
balance, GDP growth, and the exchange rate are predetermined with respect to current unob-
served shocks, conditional on including both country and time fixed effects, as well as the full
set of explanatory variables. This strategy relaxes the assumption of contemporaneous exogeneity
by focusing on variation that temporally precedes the realization of current disturbances. While
lagged macroeconomic variables are not assumed to be strictly exogenous, their use substantially
reduces concerns related to simultaneity and short-run feedback effects.

Tables 7 and 8 report estimation results using one-period lagged values of potentially endoge-
nous variables. The results remain largely unchanged. In particular, the coefficients of interest are
stable in terms of sign, magnitude, and statistical significance relative to the baseline estimates,
with overlapping confidence intervals. Most control variables also display similar estimates. The
only exceptions are fiscal balance and the exchange rate, whose coefficients lose statistical sig-
nificance while retaining the same sign and comparable magnitudes. While the loss of statistical
significance for fiscal balance and the exchange rate suggests some sensitivity to the timing of these
controls, the stability of signs and magnitudes, together with the robustness of the coefficients of
interest, supports the validity of our main conclusions.

6. Conclusion
The objective of this article is to assess the impact of low-carbon transition risks on sovereign debt
costs. We analyze the effects of CO2 emissions and fossil resource abundance on public debt cost
through financial markets and investigate whether these markets impose a risk premium on the
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Table 6.Estimation results of treasury bill rate drivers including both subsoil resources and CO2 intensity of GDP

Dependent variable Treasury bill rate

CO2 intensity of GDP 5.254∗∗∗ 5.279∗∗∗ 5.261∗∗∗ 5.015∗∗∗ 5.390∗∗∗

(1.266) (1.268) (1.267) (1.261) (1.259)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Share of renewables 0.0356 0.0345 0.0374 0.0331 0.0294

(0.0510) (0.0516) (0.0513) (0.0515) (0.0514)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(subsoil) −0.110∗ −0.108∗

(0.0659) (0.0656)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(fossil) −0.0796 −0.0665
(0.0627) (0.0637)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(oil) −0.0168 −0.0131
(0.0780) (0.0782)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(gas) −0.226∗∗ −0.294∗∗∗

(0.0990) (0.108)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(coal) −0.415∗∗∗ −0.349∗∗∗

(0.124) (0.127)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Debt-to-GDP ratio 0.0245∗∗ 0.0252∗∗ 0.0251∗∗ 0.0260∗∗ 0.0287∗∗ 0.0231∗ 0.0237∗∗ 0.0236∗ 0.0247∗∗ 0.0268∗∗

(0.0117) (0.0117) (0.0117) (0.0119) (0.0121) (0.0121) (0.0120) (0.0120) (0.0122) (0.0125)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Inflation 0.346∗∗∗ 0.346∗∗∗ 0.346∗∗∗ 0.349∗∗∗ 0.342∗∗∗ 0.351∗∗∗ 0.351∗∗∗ 0.351∗∗∗ 0.355∗∗∗ 0.348∗∗∗

(0.0456) (0.0457) (0.0457) (0.0460) (0.0456) (0.0457) (0.0459) (0.0459) (0.0462) (0.0457)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

GDP growth −0.891 −0.905 −0.898 −0.884 −0.851 −1.076 −1.087 −1.085 −1.067 −1.040
(1.558) (1.565) (1.562) (1.592) (1.544) (1.557) (1.563) (1.561) (1.595) (1.547)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Exchange rate 0.000420 0.000395 0.000367 0.000525 0.000437 0.000658∗ 0.000628 0.000608 0.000780∗∗ 0.000656

(0.000392) (0.000391) (0.000391) (0.000381) (0.000395) (0.000396) (0.000395) (0.000395) (0.000383) (0.000401)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Nat resource rents −0.0120 −0.0120 −0.0143 −0.0188 −0.0124 −0.0215 −0.0221 −0.0240 −0.0287 −0.0224
(0.0501) (0.0503) (0.0503) (0.0506) (0.0499) (0.0500) (0.0502) (0.0502) (0.0507) (0.0499)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Fiscal balance −0.0972∗∗∗ −0.0966∗∗∗ −0.0965∗∗∗ −0.0980∗∗ −0.0975∗∗∗ −0.103∗∗∗ −0.102∗∗∗ −0.102∗∗∗ −0.103∗∗∗ −0.103∗∗∗

(0.0372) (0.0373) (0.0372) (0.0386) (0.0372) (0.0373) (0.0374) (0.0373) (0.0387) (0.0373)

https://doi.org/10.1017/S1365100526101060 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1365100526101060


22
Fodhaetal.

Table 6.Continued

Dependent variable Treasury bill rate

Institutional quality −0.633 −0.690 −0.634 −0.763 −0.678 −0.604 −0.651 −0.601 −0.770 −0.645
(0.710) (0.708) (0.708) (0.719) (0.708) (0.723) (0.725) (0.723) (0.729) (0.721)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Constant 19.04∗∗∗ 18.32∗∗∗ 16.68∗∗∗ 21.25∗∗∗ 16.21∗∗∗ 19.55∗∗∗ 18.63∗∗∗ 17.05∗∗∗ 23.30∗∗∗ 17.18∗∗∗

(5.012) (4.943) (5.072) (5.010) (4.697) (5.984) (6.094) (6.136) (6.279) (5.676)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Country fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Time fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Observations 1,286 1,286 1,286 1,268 1,286 1,304 1,304 1,304 1,286 1,304
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

R-squared 0.613 0.613 0.613 0.615 0.614 0.608 0.608 0.607 0.611 0.608
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Number of countries 79 79 79 79 79 80 80 80 80 80

Note: Standard errors in parentheses. ∗∗∗ , ∗∗ and ∗ refer respectively to the significance of estimated parameters at the 1%, 5% and 10% significance levels. The notation ln denotes the logarithmic transformation of
the variable.
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Table 7.Estimation results of sovereign debt cost drivers and impacts of natural resources with lagged explanatory variables

Dependent variable Government bond yield Treasury bill rate

ln(subsoil) 0.0305 0.0067

(0.0188) (0.0544)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(fossil) −0.0706 −0.107
(0.0495) (0.0671)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(oil) −0.0971∗∗ −0.074
(0.0378) (0.0888)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(gas) −0.0625∗ −0.126
(0.0328) (0.0857)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

ln(coal) 0.00502 −0.389∗

(0.0212) (0.224)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

L.Debt-to-GDP ratio 0.0103 0.0109∗ 0.0112∗ 0.0118∗ 0.0104 0.0239∗∗ 0.0242∗∗ 0.0239∗∗ 0.0249∗∗ 0.0259∗∗

(0.00656) (0.00664) (0.00661) (0.00666) (0.00658) (0.0102) (0.0102) (0.0101) (0.0103) (0.0105)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Inflation 0.0510∗∗ 0.0500∗∗ 0.0490∗∗ 0.0487∗ 0.0508∗∗ 0.253∗∗∗ 0.252∗∗∗ 0.252∗∗∗ 0.256∗∗∗ 0.250∗∗∗

(0.0249) (0.0249) (0.0249) (0.0249) (0.0249) (0.0442) (0.0443) (0.0443) (0.0447) (0.0442)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

L.GDP growth −1.788∗∗ −1.797∗∗ −1.813∗∗ −1.897∗∗ −1.809∗∗ −2.198 −2.181 −2.190 −2.315 −2.177
(0.832) (0.830) (0.831) (0.836) (0.831) (1.456) (1.457) (1.458) (1.487) (1.440)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

L.Exchange rate 0.0028 0.0029 0.0027 0.0027 0.0029 0.000512 0.000559 0.000543 0.000736∗∗ 0.000605

(0.0023) (0.0023) (0.0023) (0.0023) (0.0023) (0.000392) (0.000395) (0.000395) (0.000367) (0.000406)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Nat resource rents 0.0884∗ 0.0912∗ 0.0898∗ 0.0916∗ 0.0894∗ −0.00344 −0.00065 −0.00156 −0.00611 −0.00176
(0.0483) (0.0485) (0.0486) (0.0484) (0.0486) (0.0449) (0.0449) (0.0450) (0.0453) (0.0448)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

L.Fiscal balance −0.0264 −0.0264 −0.0271 −0.0274 −0.0262 −0.0554 −0.0561 −0.0560 −0.0601∗ −0.0572
(0.0207) (0.0207) (0.0207) (0.0209) (0.0207) (0.0351) (0.0351) (0.0351) (0.0358) (0.0353)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Institutional quality −0.969∗∗ −0.952∗∗ −0.920∗ −0.977∗∗ −0.952∗∗ 0.196 0.126 0.157 0.144 0.149

(0.474) (0.474) (0.473) (0.477) (0.476) (0.561) (0.560) (0.560) (0.564) (0.558)
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Table 7.Continued

Dependent variable Government bond yield Treasury bill rate

Constant 8.296∗∗∗ 10.83∗∗∗ 11.44∗∗∗ 10.31∗∗∗ 9.526∗∗∗ 15.75∗∗∗ 18.70∗∗∗ 17.82∗∗∗ 18.62∗∗∗ 15.56∗∗∗

(1.614) (2.029) (1.853) (1.655) (1.548) (4.096) (4.196) (4.429) (4.113) (3.836)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Country fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Time fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Observations 888 888 888 885 888 1,244 1,244 1,244 1,226 1,244
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

R-squared 0.697 0.695 0.697 0.697 0.695 0.636 0.637 0.637 0.641 0.637
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Number of countries 61 61 61 61 61 80 80 80 80 80

Note: Standard errors in parentheses. ∗∗∗ , ∗∗ and ∗ refer respectively to the significance of estimated parameters at the 1%, 5% and 10% significance levels. The notation ln denotes the logarithmic transformation of
the variable, while L. refers to the lagged value of the variable.
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Table 8.Estimation results of sovereign debt cost drivers and impacts of transition risks using lagged
explanatory variables

Dependent variable: Government bond yield Treasury bill rate

Share of renewables −0.0907∗∗∗ 0.0621∗

(0.0305) (0.0358)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

CO2 intensity of GDP 5.245∗∗ 4.017∗∗∗

(2.396) (1.206)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

L.Debt-to-GDP ratio 0.0118∗ 0.0091 0.0237∗∗ 0.0259∗∗∗

(0.0065) (0.0065) (0.0099) (0.0098)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Inflation 0.0516∗∗ 0.0653∗∗ 0.252∗∗∗ 0.254∗∗∗

(0.0243) (0.0279) (0.0434) (0.0439)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

L.GDP growth −1.655∗∗ −1.619∗ −2.021 −2.044
(0.823) (0.844) (1.398) (1.430)

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

L.Exchange rate 0.0022 0.0029 0.0005 0.0003

(0.0022) (0.0024) (0.0004) (0.0004)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Nat resource rents (0.0462) (0.0509) (0.0437) (0.0441)

(0.0462) (0.0509) (0.0437) (0.0441)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

L.Fiscal balance −0.0311 −0.0265 −0.0613∗ −0.0593∗

(0.0205) (0.0205) (0.0345) (0.0349)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Institutional quality −1.028∗∗ −0.949∗∗ 0.316 0.282

(0.442) (0.432) (0.550) (0.539)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Constant 13.58∗∗∗ 6.917∗∗∗ 12.58∗∗∗ 13.65∗∗∗

(2.111) (1.851) (4.161) (3.608)
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Country fixed effects Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Time fixed effects Yes Yes Yes Yes
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Observations 925 919 1,291 1,273
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

R-squared 0.711 0.691 0.632 0.637
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Number of countries 61 60 80 79

Note: Standard errors in parentheses. ∗∗∗ , ∗∗ and ∗ refer respectively to the significance of estimated parameters at the 1%, 5% and
10% significance levels. The notation ln denotes the logarithmic transformation of the variable, while L. refers to the lagged value
of the variable. Transition risks are proxied alternately by the share of renewables in total energy consumption and CO2 intensity
of GDP.

most exposed countries. If financial markets account for these risks by imposing a risk premium,
this could incentivize countries to mitigate their exposure. These countries may send signals by
implementing stricter environmental policies, investing in adaptation and mitigation strategies,
ratifying environmental treaties, diversifying their energymix, and curbing fossil fuel combustion.

Our results reveal some ambiguity in the relationship between fossil resources and the cost
of public debt. Specifically, our main findings indicate that fossil-rich countries borrow at more
favorable interest rates. In contrast, countries with higher CO2 emissions face higher interest rates
on their sovereign debt. This last point is further supported by two additional findings: (i) a sig-
nificant share of renewable energy in a country’s total energy consumption lowers its borrowing
costs, and (ii) countries with a high carbon footprint relative to GDP pay higher interest rates on
public debt. Financial markets thus reward fossil resource abundance while penalizing their use.

Ultimately, the ambiguity of our results makes sense: financial markets continue to perceive
fossil fuel reserves as long-term, creditworthy assets while pointing out the vulnerability of coun-
tries that are slow to transition toward a low-carbon economy. Specifically, there is a financial
incentive for countries to continue exploring potential fossil fuel reserves but not to extract or
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exploit them for CO2-emitting energy production. Our conclusions raise the question of the
future of fossil resources, which financial markets continue to value. This could suggest that
financial market actors are anticipating alternative uses for fossil resources and the emergence,
in the near future, of low-emission technologies for refining and burning fossil resources enabled
by innovation and R&D. Among the key priorities of the fossil energy industry are accelerat-
ing methane emission reductions associated with fossil fuel production and the development of
carbon capture and storage (CCS) infrastructure.

A promising avenue for future research would be to further investigate threshold effects related
to resource abundance and/or economic development by grouping countries based on their level
of fossil reserves or GDP per capita. A less developed country historically rich in resources is more
likely to be dependent on them or to suffer from a carbon curse or a resource curse, which could
increase transition risks and, consequently, the cost of borrowing.

From a policy perspective, two key recommendations emerge. First, in the current context of
rising external debt, the additional borrowing cost further weakens public finances. In the event
of an economic recession, countries may be forced to take on more debt or drastically cut pub-
lic spending, exacerbating the economic downturn. As a result, countries become increasingly
vulnerable, and the most fragile and indebted ones may default, triggering a sovereign debt cri-
sis. Faced with this risk of excessive debt, which could be exacerbated by the effects of climate
change, investors may require higher risk premiums. This underscores the need for immediate
policy responses at the international level. Potential measures include debt relief for the most vul-
nerable countries and the creation of a compensation fund for the least developed nations, which
have historically contributed little to greenhouse gas accumulation. Second, regarding sovereign
bonds, governments should better assess and disclose their climate and transition risks. Otherwise,
the mispricing of risks could lead to systemic risk and financial instability. For this reason, it
seems important that governments systematically evaluate their exposure to these risks and trans-
parently communicate this information to economic stakeholders. To date, only Ghana has fully
incorporated such assessments when borrowing to address the COVID-19 crisis (Dibley et al.
(2021)). Otherwise, failure to comply with risk assessment and transparency obligations, con-
tinued investment in polluting assets, or insufficient adaptation to future risks would increase
countries’ exposure to climate-related financial risks. A shift in investors’ perceptions of cli-
mate risk would then translate into higher bond yields, further weakening the country’s financial
position.
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Notes
1 https://www.nationaloilcompanydata.org/
2 Angola, Albania, Armenia, Antigua and Barbuda, Australia, Austria, Azerbaijan, Belgium, Burkina Faso, Bangladesh,
Bulgaria, Bahrain, Bahamas, Belize, Benin, Bolivia, Brazil, Barbados, Botswana, Canada, Switzerland, Côte d’Ivoire, Cabo
Verde, Cyprus, Czech Republic, Germany, Guinea, Dominica, Denmark, Algeria, Egypt, Ethiopia, Spain, Finland, Fiji, France,
United Kingdom, Georgia, Ghana, Gambia, Greece, Grenada, Guyana, Hong Kong, Hungary, India, Ireland, Iraq, Iceland,
Israel, Italy, Jamaica, Japan, Kenya, Kyrgyz Republic, St. Kitts and Nevis, Korea, Lao, Libya, Lebanon, St. Lucia, Sri Lanka,
Lesotho, Lithuania, Luxembourg, Morocco, Moldova, Madagascar, Mali, Maldives, Mexico, Malta, Myanmar, Montenegro,
Mongolia, Mozambique, Mauritania, Mauritius, Malawi, Malaysia, Namibia, Nigeria, Netherlands Antilles, Netherlands,
Niger, Norway, Nepal, New Zealand, Pakistan, Philippines, Papua New Guinea, Poland, Portugal, Romania, Russia, Rwanda,
Saudi Arabia, Senegal, Singapore, Solomon Islands, Sierra Leone, Serbia, South Sudan, Slovakia, Slovenia, Sweden, Eswatini,
Seychelles, Togo, Thailand, Tajikistan, Trinidad and Tobago, Tanzania, Uganda, Uruguay, United States, Uzbekistan, St.
Vincent and the Grenadines, Venezuela, Vietnam, Vanuatu, Kosovo, Yemen, South Africa, Zambia.
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3 World Bank. 2021. The ChangingWealth of Nations 2021: Managing Assets for the Future. Washington, DC: World Bank.
doi:10.1596/978-1-4648-1590-4.
4 World Bank, Sustainable Energy for All (SE4ALL) database from the SE4ALL Global Tracking Framework led jointly by
the World Bank, International Energy Agency, and the Energy Sector Management Assistance Program.
5 Available for download at www.ggdc.net/pwt.
6 The interested reader could refer to Kaufmann et al. (2011) for more details.
7 The number of countries reflects the availability of data for the variable under consideration.
8 A wide range of macroeconomic variables has been explored in the literature (Edwards (1986), Eichengreen and Mody
(2000), Min (1998), Beck (2001), and Ferrucci (2003)) and tested in this study, including the ratio of international reserves
to GDP, the propensity to invest, the current account balance as a share of GDP, the ratio of debt service to exports, and the
degree of openness. Additional structural variables, such as GDP per capita and total factor productivity (TFP) to capture
productivity effects, as well as the growth rate of the working-age population to capture demographic dynamics, were also
included. Preliminary estimations led to the exclusion of these variables due to their statistical insignificance, allowing the
model to focus exclusively on the most impactful determinants. Various reasons may explain why some control variables
identified as relevant in the existing literature do not emerge as statistically significant in our regressions. While these factors
are structurally important, their lack of significance is likely driven by the specification of our panel model, which includes
both time and country fixed effects. These controls absorb a large share of the relevant variation and may induce collinearity
with slowly evolving or highly correlated variables, thereby reducing their independent explanatory power. Moreover, from
an economic perspective, bond markets tend to price these factors indirectly through their effects on growth prospects, fiscal
sustainability, and institutional quality, which are explicitly accounted for in our framework.
9 The sovereign bond spread represents an alternative proxy variable used to account for the sovereign risk embodied in
the total cost of borrowing. It is computed as the difference between the expected return on the risky market portfolio and
the risk-free interest rate. In the context of comparative studies between countries, the risk-free interest rate corresponds
to the yield on U.S. (or German) government bonds. Early studies tended to focus on government bond yield spreads as
the reference measure for sovereign risk. More recent works also include examining sovereign CDS spreads and sovereign
ratings.
10 Hausman tests were conducted for all model specifications and consistently favor the fixed-effects model. Given the large
number of specifications, the corresponding test statistics are not reported for brevity.
11 We alternatively use different measures of institutional quality from the WGI database and select the one that is most
often significant. This is the Control of Corruption variable.
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