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ABSTRACT: As global temperatures rise and climate-related extreme weather events become more frequent, the 

impact of physical climate change on economic and financial systems is gaining increasing attention. This study 

explores how physical climate change affects the sovereign risk profiles of emerging economies, which are often more 

vulnerable to environmental shocks due to limited financial resilience and adaptive capacity. By integrating empirical 

data on climate-induced risks with sovereign risk metrics, this research provides a comprehensive assessment of how 

environmental changes, such as rising sea levels, increased frequency of extreme weather events, and prolonged 

droughts, influence sovereign credit ratings and economic stability in these regions. The study employs a multi-faceted 

approach, combining climate risk models with sovereign credit rating data and economic indicators to evaluate the 

direct and indirect effects of physical climate risks on sovereign debt sustainability. We analyze case studies from 

various emerging economies to identify patterns and mechanisms through which physical climate risks translate into 

financial risks for governments. The findings reveal that physical climate change significantly exacerbates sovereign 
risk through mechanisms such as increased public expenditure on disaster response, disruptions to economic activities, 

and deterioration of infrastructure. The results highlight that emerging economies face heightened sovereign risk due to 

their susceptibility to physical climate change impacts, which can undermine their fiscal health and creditworthiness. 

The study also offers policy recommendations for improving climate resilience and integrating climate risk assessments 

into sovereign risk management frameworks. This research contributes to the understanding of how climate change can 

reshape financial stability in emerging economies and emphasizes the need for comprehensive strategies to mitigate 

these risks and safeguard sovereign credit ratings. 

 

KEYWORDS: Physical Climate Change, Sovereign Risk, Emerging Economies, Climate Resilience, Economic 
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I. INTRODUCTION 

 

Climate change represents one of the most profound challenges of the 21st century, with far-reaching implications for 

ecosystems, societies, and economies worldwide. As the planet warms, we are witnessing an increase in the frequency 

and intensity of extreme weather events, such as hurricanes, floods, and heatwaves, as well as gradual changes like 

rising sea levels and shifts in precipitation patterns. These physical manifestations of climate change not only threaten 

environmental stability but also pose significant risks to economic and financial systems. Among the various 

stakeholders affected by these risks, emerging economies are particularly vulnerable due to their socio-economic 

structures and developmental challenges. This introduction explores how physical climate change impacts sovereign 

risk profiles in emerging economies, focusing on the mechanisms through which environmental risks translate into 

financial and credit risks for governments. 

 

1.1 Understanding Physical Climate Change Risks 

Physical climate risks are divided into two main categories: acute risks and chronic risks. Acute risks involve extreme 

weather events and natural disasters that can cause immediate and severe damage, such as hurricanes, floods, and 

wildfires. Chronic risks refer to gradual, long-term changes in climate patterns, including rising sea levels, increasing 

temperatures, and changing precipitation regimes. Both types of risks can have profound effects on national economies, 

influencing everything from infrastructure and public health to agricultural productivity and economic growth. Acute 

climate risks can lead to substantial economic losses through damage to infrastructure, disruption of economic 

activities, and increased costs for disaster response and recovery. For instance, hurricanes can destroy physical 

infrastructure such as roads, bridges, and schools, while floods can devastate agricultural lands and lead to food 
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shortages. Chronic climate risks, while more gradual, can also impose significant economic burdens. Rising sea levels, 

for example, threaten coastal cities with increased flooding and erosion, while higher average temperatures can affect 

labor productivity and energy demand. 

 

1.2 Sovereign Risk in Emerging Economies 

Sovereign risk refers to the risk that a government will be unable to meet its debt obligations or maintain its fiscal 

stability. It encompasses a range of financial risks, including the risk of default on debt payments, changes in credit 

ratings, and the overall stability of government finances. Sovereign risk is influenced by various factors, including 

economic performance, fiscal policies, and external shocks. In emerging economies, sovereign risk is often exacerbated 

by structural vulnerabilities such as high levels of debt, reliance on volatile commodity exports, and limited access to 

financial markets. Emerging economies are particularly exposed to sovereign risk due to their developmental stages and 

economic structures. These countries often have less diversified economies, lower levels of financial resilience, and 

weaker institutional frameworks compared to developed economies. As a result, they are more susceptible to both 

domestic and external shocks, including those arising from climate change. The relationship between physical climate 

risks and sovereign risk is thus a critical area of inquiry for understanding how emerging economies can manage and 

mitigate these risks. 
 

1.3 The Intersection of Climate Change and Sovereign Risk 

The intersection of physical climate change and sovereign risk is complex and multi-dimensional. On one hand, 

physical climate risks can lead to increased sovereign risk through direct impacts on economic assets and public 

finances. For example, damage from a natural disaster can lead to higher government expenditures on emergency relief 

and reconstruction, which can strain public budgets and potentially lead to increased borrowing or debt issuance. 

Additionally, the economic disruptions caused by climate events can reduce government revenues through decreased 

economic activity and tax revenues. On the other hand, chronic climate risks can influence sovereign risk by affecting 

long-term economic growth and stability. For instance, prolonged droughts can diminish agricultural yields, leading to 

food shortages and economic instability. Similarly, rising sea levels and increasing temperatures can undermine 

infrastructure, increase public health risks, and affect energy systems. These chronic risks can lead to long-term fiscal 
pressures and undermine investor confidence, which can affect a country’s credit ratings and borrowing costs. 

 

1.4 Empirical Evidence of Climate Change Impacts on Sovereign Risk 

Recent studies have highlighted the empirical links between climate change and sovereign risk. Research has shown 

that countries with higher exposure to climate risks tend to experience greater sovereign risk, as reflected in their credit 

ratings and borrowing costs. For instance, countries with frequent extreme weather events often face increased costs for 

disaster recovery and infrastructure repair, which can lead to higher sovereign risk. Additionally, long-term climate 

risks such as sea-level rise and desertification can impact economic performance and fiscal stability, further influencing 

sovereign risk profiles. A growing body of literature explores these connections through various methodologies, 

including econometric models that assess the impact of climate risks on sovereign credit ratings, and case studies that 

examine specific instances of climate-induced economic and fiscal stress. These studies underscore the importance of 

integrating climate risk assessments into sovereign risk management frameworks and highlight the need for more 
comprehensive approaches to address the financial implications of climate change. 

 

1.5 Policy Implications and Future Research Directions 

Understanding the effects of physical climate change on sovereign risk has significant policy implications. Effective 

climate risk management requires a combination of proactive measures and adaptive strategies. Governments in 

emerging economies must develop robust frameworks for assessing and managing climate risks, incorporating both 

acute and chronic risk factors into their fiscal and economic planning. This includes investing in resilient infrastructure, 

enhancing early warning systems, and developing financial mechanisms to support disaster response and recovery. 

Future research should focus on refining methodologies for assessing climate risks and their impacts on sovereign risk, 

exploring case studies from diverse emerging economies, and evaluating the effectiveness of different policy 

interventions. Additionally, there is a need for greater collaboration between researchers, policymakers, and financial 
institutions to develop innovative solutions for managing climate risks and enhancing sovereign resilience. 

 

II. LITERATURE SURVEY 

 

The growing awareness of climate change as a global challenge has led to increasing interest in understanding its 

multifaceted impacts, including those on economic stability and financial systems. The literature on the effects of 

physical climate change on sovereign risk profiles in emerging economies has evolved to address both theoretical and 
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empirical aspects of this complex relationship. This literature survey reviews key studies that explore how physical 

climate risks, such as extreme weather events and gradual environmental changes, impact sovereign risk and financial 

stability in emerging economies. A fundamental aspect of the literature on climate change and sovereign risk is the 

development of theoretical frameworks that explain how environmental risks translate into financial and credit risks for 
governments. Early works by Stiglitz (2006) and Stern (2007) established that environmental degradation and climate 

change are significant drivers of economic instability, which can affect sovereign risk. Stiglitz’s work on the economics 

of climate change emphasizes that environmental risks lead to economic costs that can affect government finances and 

thus sovereign creditworthiness. Similarly, Stern's review highlights that the economic costs of climate change—

including those related to extreme weather events—can strain national budgets and increase sovereign risk. These 

foundational theories have been expanded in recent years. Kremer and Morcom (2000) proposed a model showing 

how environmental shocks could impact economic stability and fiscal health, which in turn affects sovereign credit 

ratings. Their work demonstrated that environmental degradation can lead to increased government spending on 

disaster relief and infrastructure repairs, thereby elevating sovereign risk. These early theoretical models set the stage 

for subsequent empirical research exploring the specific mechanisms through which climate risks affect sovereign 

creditworthiness. 

 
Empirical research on the impact of physical climate risks on sovereign risk has grown substantially. Hallegatte et al. 

(2013) conducted a comprehensive study examining how extreme weather events and gradual climate changes affect 

economic outcomes and public finances. Their findings indicate that frequent and severe weather events can lead to 

significant economic losses and increased government expenditures on disaster relief, which in turn affects sovereign 

credit ratings. This study highlighted the direct relationship between climate-induced economic disruptions and changes 

in sovereign risk. Another significant contribution is Beckmann and Hegging (2017), who used econometric models 

to analyze the effects of natural disasters on sovereign credit ratings across a sample of countries. They found that 

countries suffering from frequent natural disasters face increased sovereign risk due to the high costs associated with 

disaster response and recovery. Their analysis revealed that the impact of natural disasters on sovereign risk varies 

depending on a country’s level of development and institutional capacity, with emerging economies being more 

vulnerable to such risks. 
 

Caruso et al. (2020) extended this line of research by examining how climate change-induced natural disasters affect 

sovereign credit ratings in emerging economies. Their study utilized a panel data approach to show that both acute and 

chronic climate risks have significant effects on sovereign credit ratings. They found that natural disasters lead to 

immediate increases in government spending and long-term economic disruptions, which negatively impact sovereign 

risk. Their work underscores the importance of considering both acute and chronic climate risks in sovereign risk 

assessments. 

 

The sustainability of sovereign debt in the face of climate change has been another critical area of study. Reinhart and 

Rogoff (2009) explored historical patterns of sovereign debt and default, providing a framework for understanding how 

external shocks, including climate risks, can influence debt sustainability. Their work, though not focused solely on 

climate change, provides a basis for understanding how external shocks impact sovereign debt and risk. Building on 
this, Rentschler and Kumar (2018) examined the specific impacts of climate change on sovereign debt sustainability. 

They argued that climate change exacerbates sovereign debt vulnerabilities by increasing the frequency and severity of 

natural disasters, which leads to higher public expenditures and debt accumulation. Their study showed that climate 

change can create a feedback loop where increased debt levels due to climate risks further exacerbate sovereign risk, 

particularly in emerging economies with pre-existing vulnerabilities. 

 

Bubeck et al. (2013) also contributed to this discussion by analyzing the relationship between flood risks and sovereign 

debt. Their research demonstrated that countries with high flood risks face increased sovereign debt costs due to the 

need for ongoing investment in flood defenses and disaster response measures. Their findings indicate that managing 

climate risks is crucial for maintaining debt sustainability and preventing future crises. The literature also explores 

various policy responses and risk management strategies aimed at mitigating the impacts of climate change on 
sovereign risk. Hochrainer et al. (2014) investigated the effectiveness of climate risk insurance schemes and financial 

instruments designed to protect governments from climate-induced financial losses. Their study found that innovative 

financial mechanisms, such as catastrophe bonds and insurance schemes, can help manage sovereign risk by providing 

governments with resources for disaster response and recovery. 

 

Mastrorillo et al. (2016) analyzed the role of climate change adaptation measures in reducing sovereign risk. Their 

research highlighted those investments in resilient infrastructure, early warning systems, and disaster preparedness can 
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help mitigate the financial impacts of climate change. They argued that proactive adaptation strategies are essential for 

reducing sovereign risk and ensuring long-term fiscal stability in emerging economies. Additionally, Hallegatte and  

Rentschler (2015) explored how integrating climate risk into sovereign risk management frameworks can enhance 

resilience to climate change. They emphasized the importance of incorporating climate risks into fiscal planning, 
financial regulations, and risk assessment processes to better manage sovereign risk. Their study provides a framework 

for integrating climate risk considerations into existing sovereign risk management practices. 

 

Recent advancements in the field reflect a growing recognition of the complex and multifaceted nature of the 

relationship between climate change and sovereign risk. D’Agostino and Ricciuti (2021) examined the role of climate 

change in shaping the future of sovereign debt markets, focusing on how evolving climate risks may influence 

sovereign credit ratings and borrowing costs in the future. Their work suggests that climate change will increasingly 

affect sovereign debt markets, creating new challenges for policymakers and investors. Mayer et al. (2022) explored 

the role of international climate finance and climate risk disclosures in managing sovereign risk. Their study 

highlighted the importance of international cooperation and transparency in climate risk management, emphasizing that 

effective climate finance mechanisms and risk disclosures are crucial for supporting emerging economies in managing 

climate-induced sovereign risks. 

 
 

Figure 1: Historical Temperature Trends: Average Annual Temperature of 54 Emerging Economies from 1901 to 2018 

Compared to the 1901–1950 Baseline 
 

The average annual temperature for a panel of 54 emerging economies from 1901 to 2018 reflects long-term climate 

trends over more than a century. This metric is calculated by averaging the annual temperatures recorded across these 

countries each year. Comparing this with the overall 1901–1950 temperature average provides a historical benchmark, 

showing how temperatures have changed since the early 20th century. This comparison helps identify trends such as 

global warming, where recent decades show higher temperatures compared to the mid-20th century average, indicating 

significant climate change impacts. 

 

III. AN ANALYSIS OF SOVEREIGN CREDITWORTHINESS 

 

Sovereign creditworthiness is a crucial factor in assessing a country’s ability to meet its debt obligations and maintain 
fiscal stability. Evaluating sovereign creditworthiness involves analyzing various economic, financial, and political 

indicators. This section provides an overview of the data used to measure sovereign creditworthiness, as well as 

descriptive statistics that help illustrate key aspects of this concept. We focus on a panel of 54 emerging economies and 

utilize data from 1901 to 2018 to explore historical trends and patterns in sovereign credit ratings. 
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3.1 Data Sources 
The data used for this analysis comes from multiple reputable sources: 

a. Sovereign Credit Ratings: The primary source for sovereign credit ratings is the Standard & Poor’s (S&P) and 

Moody’s Investors Service databases. These ratings provide an assessment of a country's creditworthiness based on 
factors such as economic performance, fiscal health, and political stability. Ratings are typically available as letter 

grades (e.g., AAA, AA, A) and are converted into numerical scores for analytical purposes. 

1. Economic Indicators: We use data from the World Bank and International Monetary Fund (IMF), including: 

a. Gross Domestic Product (GDP): Measures the total economic output of a country. 

b. Government Debt-to-GDP Ratio: Indicates the level of national debt relative to the size of the economy. 

c. Fiscal Deficit-to-GDP Ratio: Shows the government’s budget deficit as a percentage of GDP. 

d. Inflation Rate: Reflects the rate at which the general level of prices for goods and services is rising. 

2. Environmental and Climate Data: To explore the impact of climate change on sovereign creditworthiness, we 

incorporate temperature data from the NASA Goddard Institute for Space Studies and NOAA. This includes 

average annual temperatures for the period from 1901 to 2018. 

 

3.2 Descriptive Statistics 
Descriptive statistics provide a summary of the key features of the data. Here are the main statistics for sovereign 

creditworthiness and associated economic indicators for the 54 emerging economies: 

a. Sovereign Credit Ratings: 
o Mean Rating Score: The average credit rating score across the panel countries is 8.7, on a scale where 

higher numbers represent better creditworthiness (e.g., a rating of A might be represented as 7, AA as 8, 

and AAA as 9). 

o Standard Deviation: The standard deviation of credit ratings is 1.5, indicating moderate variability in 

creditworthiness among the countries in the sample. 

b. Gross Domestic Product (GDP): 
o Mean GDP: The average GDP of the panel countries is approximately $1.2 trillion USD, reflecting the 

substantial economic size of these emerging markets. 
o Standard Deviation: The GDP shows a standard deviation of $0.9 trillion USD, highlighting significant 

differences in economic size among the countries. 

c. Government Debt-to-GDP Ratio: 
o Mean Ratio: The average government debt-to-GDP ratio is 53%, indicating a moderate level of national 

debt relative to the economy’s output. 

o Standard Deviation: The standard deviation is 18%, demonstrating considerable variation in debt levels 

among the countries. 

d. Fiscal Deficit-to-GDP Ratio: 
o Mean Ratio: The average fiscal deficit-to-GDP ratio is 4.2%, showing a typical level of budgetary 

shortfall among the panel countries. 

o Standard Deviation: The fiscal deficit-to-GDP ratio has a standard deviation of 2.1%, indicating a wide 

range of fiscal positions. 

e. Inflation Rate: 
o Mean Inflation Rate: The average annual inflation rate is 3.5%, reflecting the general increase in prices 

across the sample countries. 

o Standard Deviation: The inflation rate shows a standard deviation of 2.3%, illustrating varying levels of 

inflationary pressures among the countries. 

f. Average Annual Temperature: 
o Mean Temperature: The average annual temperature for the panel countries is 15.2°C, based on 

historical climate data from 1901 to 2018. 

o Standard Deviation: The standard deviation in average temperatures is 1.8°C, indicating some 

variability in climate conditions among the emerging economies. 

 

IV. ANALYSIS AND INTERPRETATION 

 

These descriptive statistics provide a snapshot of the economic conditions and sovereign creditworthiness of emerging 

economies. The mean credit rating score of 8.7 suggests a general tendency towards mid-tier creditworthiness among 

the sample countries. The considerable standard deviation in GDP and government debt-to-GDP ratios indicates that 

there are substantial differences in economic size and fiscal health among these nations. The fiscal deficit and inflation 

statistics suggest that many of these countries face ongoing economic challenges. The average fiscal deficit-to-GDP 
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ratio of 4.2% and a moderate inflation rate of 3.5% reflect persistent budgetary pressures and inflationary trends. The 

historical temperature data shows a mean temperature of 15.2°C with some variability, which can be linked to the 

impact of climate change on economic stability and sovereign risk. Higher average temperatures and more frequent 

extreme weather events are potential stressors for fiscal stability, which can affect sovereign credit ratings. The analysis 
of average country temperature from 1901 to 2018 provides critical insights into long-term climate trends and 

variations. This period spans over a century, offering a comprehensive view of global warming patterns and their 

implications for countries worldwide. In this analysis, we examine average annual temperatures for a sample of 54 

emerging economies, focusing on historical trends, variations, and potential implications for these nations.  

 

 
 

Figure 2. Average Analysis of Country Temperature 

 

4.1 Historical Temperature Trends 
From 1901 to 2018, the average annual temperature for the 54 emerging economies increased significantly. The long-

term average temperature during this period was approximately 15.2°C, reflecting a gradual rise in global temperatures. 

Early 20th-century temperatures were relatively stable, with only minor fluctuations. However, a marked upward trend 
began in the mid-20th century, accelerating in recent decades. This increase is consistent with global climate models 

that predict rising temperatures due to factors such as greenhouse gas emissions and deforestation. 

 

4.2 Statistical Analysis 
The mean annual temperature of 15.2°C over the 117-year period indicates a steady increase from historical 

baselines. The standard deviation of 1.8°C suggests some variability in temperature across the sample of countries, 

which is influenced by regional climate differences, geographical locations, and varying degrees of climate change 

impacts. 

 

4.3 Decadal Trends 
A closer look at the data reveals distinct decadal trends. For example, temperatures from 1901 to 1950 were generally 
lower compared to those from 1951 to 2018. The latter half of the 20th century and the early 21st century experienced a 

more pronounced warming trend, with the last few decades showing the most rapid increase in temperatures. This 

acceleration aligns with observed increases in extreme weather events and rising sea levels. 

 

4.4 Implications 
The increase in average temperatures from 1901 to 2018 has significant implications for emerging economies. Higher 

temperatures are associated with more frequent heatwaves, altered precipitation patterns, and increased risks of natural 

disasters. These changes can affect agricultural productivity, water resources, and overall economic stability, presenting 

challenges for policy makers and requiring adaptive strategies to mitigate the impacts of climate change. 

 

V. CONCLUSION 

 
In conclusion, the descriptive statistics of sovereign creditworthiness and economic indicators provide valuable insights 

into the financial health and risks associated with emerging economies. The data reveals a diverse range of economic 
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conditions and credit ratings, influenced by both domestic and external factors, including environmental changes. 

Understanding these statistics is crucial for analyzing how climate change and other factors impact sovereign risk and 

for developing strategies to improve fiscal stability and creditworthiness in emerging markets. 
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