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INTRODUCTION        

• Increase of sovereign risk exceeding the government debt is a critical under the climate change.  

• Few studies to examine the relationship between the climate change and sovereign risk. 

• Limited literature is available to investigate the how climate change impacts are imposed upon 
the sovereign risk to manage the uncertainties of the economy  

• The objective is to empirically evaluate the link between climate vulnerability and resilience for 
macroeconomic policy decisions. It intends to apply econometric model to estimate the impacts 
of climate change on sovereign risks. 

• One of the main considerations is to bridge knowledge gaps in the literature on sovereign risks 
under the climate change at macroeconomic level in Asia.  

• Thus, this paper added values to the limited empirical studies on climate change impacts on 
sovereign risk. 



LITERATURE REVIEW 
• Cevik and Jalles (2020) on “changes everything: climate shocks and Sovereign Bonds”. The 

objective of the paper is to examine the impact of climate change variability and resilience on 
sovereign bond yield in 98 countries from 1995 to 2017. They found that climate change has a 
significant effect on cost of government borrowing. 

• Beirne, et. al., (2020) have studied on climate risks and the cost of sovereign borrowing. In their 
paper, they have applied panel structural VAR model in advanced and emerging economies. They 
have identified that climate risks are important determinants of the cost of sovereign borrowing. 
The findings revealed that the effect of bond yield is higher in the highly vulnerable countries.  

• Chaudhry, et.al., (2020) have studied the impact of carbon emissions on sovereign risk. In this 
paper, they applied fixed effect model for G7 advanced economies from 1996 to 2014. Notably, 
they applied extreme value theory to measure sovereign risk. They found that the climate change 
which they considered as carbon emissions is prospective to increase the sovereign risk in those 
economies.  



• Stavros, (2021) has published a policy paper on the risks from climate change to sovereign debt 
in Europe. In this study, the climate risk and its impact on sovereign bonds in the European Union 
that promotes the transition to a low carbon economic activities resulting repricing of assets. He 
further argued that the climate innovations can spur the growth of the region as investors price 
the risks which can affect sovereign credit ratings.  

• Boehm, (2020) has examined the physical climate change risks and the sovereign 
creditworthiness of emerging economies. The climate change variable of the study was the 
temperature anomalies and the study was conducted in monthly temperature data from 54 
emerging economies. A regression analysis was performed and found that the temperature 
anomalies have a significant negative impact on the sovereign bond performance.  

• Mallucci, (2020) has studied the relationship between natural disaster on fiscal vulnerabilities and 
sovereign default. He modeled the association using standard sovereign default model which 
includes disaster risk in Caribbean countries that affected by the hurricanes. He found that the 
ability of the government to issue debt is declined and limited the market access.  



• Smyth and Bennett (2016) studied how capital markets help developing countries to manage 
climate risk. They studied the how economic impact of climate events can be managed providing 
improved access to insurance and alternative risk transfer. They discussed that multilateral banks 
can catalyze creating sovereign risks and facilitate access to reinsurance capacity of capital 
markets.  

• Collender, Christina, Puente-Moncayo, Kylie-Anne, and Simone, (2021) have studied how not 
climate change transition risk, measured by CO2 emissions, natural resource rent, and 
renewable energy consumption, is priced in the sovereign bond market. They used 23 developed 
and 16 developing countries from 2000-2019. They found that advanced markets lower the CO2 
emissions lower the risk premium to decline the earnings from natural resources and increase 
renewable energy consumption to lower the sovereign borrowing costs.  

• Zenios, S. A., (2021) studied transparency of the sovereign-debt effects of climate change. They 
look at the disclosure of EU sovereigns to climate change studying international best practices 
and describe the transmission flows. They argued that adoption to climate change scenarios to 
EU and other authorities can mainstream climate risk in terms of public finance.  



DATA
• The secondary data was gathered form Penn-World Table (PWT 10), World Development Indicators 

(WDI) of the World Bank and World Economic Outlook (WEO) of International Monetary Fund from 
1980 to 2019 for all Asian countries.  

• The climate change variables are gathered from Notre Dame Global Adaptation Initiative (ND-GAIN) 
which includes climate vulnerability, resilience, economic indicator, social indicator and governance 
indicator from 1995 to 2019.  

• The dependent variable, government bond spread, is measured by 10-year foreign-currency-
denominated government bond spreads regarding the U.S. benchmark, which are obtained from 
Bloomberg.  

• Fiscal balance as a percentage of GDP is used as an instrument to measure a government’s ability 
to meet its financing needs and to ensure good management of public finances. 

• The government budget deficits increase the amount of government debt outstanding. The current 
account balance as a share of GDP: a country that imports more than it exports funds the difference 
with foreign capital inflows;  

• government debt as a share of GDP: high levels of government debt reduce investor confidence in 
debt-service capacity; and  

• credit default swap (CDS) spread: the CDS spread is a market-based measure of a country’s level of 
default risk



Variable description 



EMPIRICAL METHOD
The study applied Panel Auto-Regressive Distributed Lag (ARDL) model proposed by Pesaran et 
al (1999). Under the Panel-ARDL, the mean group (MG), pooled mean group (PMG), and 
dynamic fixed effect (DFE) model was estimated following (Pesaran and Smith, 1995; Pesaran et 
al., 1999). 

Obtaining from the ARDL estimator, the MG has not executed any restrictions on the parameters 
and get the average of the long run parameters. Since the estimator is always consistent, pooling 
data will not have any advantage among panel-forming units.  

Therefore, dynamic fixed effects (DFE), in which the fixed slope and varied intercept across the 
countries, is used as an alternative under the assumption of homogeneity slope, under which 
DEF estimates are affected by heterogeneity bias (Pesaran and Smith, 1995).  

Hence, to overcome these issues and efficient estimation, a maximum likelihood- based PMG 
method was developed by Pesaran et al. (1999). 



Accordingly, the Panel ARDL equation can be expressed as; 
  

 
 

∆ 𝑙𝑛𝐺𝐵𝑆𝑖𝑡 =   ∝0𝑖 + ∝1𝑖 𝑙𝑛𝐺𝐵𝑆𝑖, 𝑡−1 + ∝2𝑖 𝑙𝑛𝐺𝐷𝑃𝑝𝑐𝑖, 𝑡−1 + ∝3𝑖 𝑙𝑛𝑆𝐶𝐷𝑆𝑖, 𝑡−1 + ∝4𝑖 𝑙𝑛𝐺𝐷𝑃𝑔𝑖, 𝑡−1
+ ∝5𝑖 𝑙𝑛𝐷𝑒𝑏𝑡𝑖, 𝑡−1 + ∝6𝑖 𝑙𝑛𝐹𝑖𝑛𝑖, 𝑡−1 + ∝7𝑖 𝑙𝑛𝐹𝑖𝑠𝑖, 𝑡−1 + ∝8𝑖 𝑙𝑛𝑇𝑜𝑖, 𝑡−1 + ∝9𝑖 𝑙𝑛𝑉𝑢𝑙𝑖, 𝑡−1
+ ∝10𝑖 𝑙𝑛𝑅𝑒𝑠𝑖, 𝑡−1 + ∝11𝑖 𝑙𝑛𝐸𝑐𝑜𝑛𝑖, 𝑡−1 + ∝12𝑖 𝑙𝑛𝑆𝑜𝑐𝑖, 𝑡−1 + ∝13𝑖 𝑙𝑛𝐺𝑜𝑣𝑖, 𝑡−1 +

𝑝
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𝛽12𝑖𝑗 ∆ 𝑙𝑛𝐺𝑜𝑣𝑖,𝑡−𝑗 + 𝜇𝑖 + 𝜀𝑖𝑡         𝑖 = 1,2, …𝑁;   𝑡 = 1,2, 3,… . 𝑇………………(2)     

  
  
Where, BondSpread: government bond spread indicator for sovereign risk, CLIMATE: vector for 
climate change including vulnerability, resilience and Economic-Social-Governance (ESG) related 
indices and X: exogeneous variables in the model.  
 

𝐿𝑜𝑔 𝐵𝑜𝑛𝑑𝑆𝑝𝑟𝑒𝑎𝑑𝑖,𝑡 = 𝑏0 + 𝑏1𝐿𝑜𝑔𝐶𝐿𝐼𝑀𝐴𝑇𝐸𝑖,𝑡 + 𝑏2𝐿𝑜𝑔𝑋𝑖,𝑡 + 𝜀𝑖,𝑡…………………………… . (1)



POOL MEAN GROUP (PMG) ESTIMATOR
The dynamic form of the mean group estimator shows in self-regression pattern with panel ARDL distributional delays (p, 
q1, q2, …, qN). So that the equation of Panel ARDL presents in the form of following equation: 

 

where y denotes the dependent variable; X is the vector of independent variables; μ is the fixed effects and ε is the 
disturbing component.  
In this study, PMG and MG are used to estimate the equation (1) as given in the equation (2). Interestingly, the PMG placed in 
between the MG and fixed effect models; only the long-term coefficients are equal between countries, while short-term 
coefficients are changing. Thus, Hausman test is used to choose between the MG and PMG as in the following hypothesis.  
H0: the long-term coefficients are homogeneous and can be combined (PMG method efficiency)  
H1: the long-term coefficients that are non-homogeneous and are not combinable (efficiency of MG estimator). 

The error- correction form of the PMG model is written as follows: 

 

The parameter  is the error-correcting speed of adjustment term. If = 0, then there is no evidence for a long-run 
relationship. This parameter is expected to significantly negative under the prior assumption that the variables show a return 
to a long-run equilibrium. Of particular importance is the vector , which contains the long-run relationships between the 
variables.

𝑦𝑖,𝑡 =
𝑝

∑
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𝜆𝑖𝑗𝑦𝑖,𝑡−𝑗 +
𝑞
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𝛿′ 𝑖𝑗𝑋𝑖,𝑡−𝑗 + 𝜇𝑖 + 𝜀𝑖,𝑡……………………………………………………………… . (3)

Δ𝑦𝑖,𝑡 = 𝜙𝑖(𝑦𝑖,𝑡−1 − 𝜃′ 𝑖𝑋𝑖𝑡) +
𝑝−1

∑
𝑗=1

𝜆∗
𝑖𝑗Δ𝑦𝑖,𝑡−1 +

𝑞−1

∑
𝑗=0

𝛿′ ∗𝑖𝑗Δ𝑋𝑖,𝑡−𝑗 + 𝜇𝑖 + 𝜖𝑖,𝑡……………………………… . (4)

𝜙𝑖 𝜙𝑖

𝜃′ 𝑖



MEAN GROUP (MG) ESTIMATOR

• After MG estimator, it requires a sperate regression for each country and calculating the 
coefficients as unweight means of parameters for individual countries.  

• Therefore, it has not imposed any restrictions but allows for all coefficients to be varied and 
heterogeneous in long and short run.  

• Since this study use sufficiently large time series data, it supports the conditions of consistency 
and validity (Favara, 2003).



DYNAMIC FIXED EFFECTS (DFE) ESTIMATOR
• The dynamic fixed effects estimator (DFE) is almost equal to the PMG estimator and imposes 

restrictions on the slope coefficient and error variances to be equal across all countries in the 
long run.  

• The DFE model further restricts the speed of adjustment coefficient and the short-run coefficient 
to be equal.  

• However, the model features country- specific intercepts.  

• DFE has cluster option to estimate intra-group correlation with the standard error (Blackburne 
and Frank, 2007).  

• Nevertheless, Baltagi, Griffin and Xiong (2000) point out that this model is subject to a 
simultaneous equation bias due to the endogeneity between the error term and the lagged 
dependent variable in case of small sample size.



RESULTS AND DISCUSSION
Summary Statistics



ALL ASIAN ECONOMIES 
Unit Root Tests



Pedroni’s cointegration test 



Results of Pedroni’s (2004) cointegration test.  

• The statistics can be divided into two groups as within dimension and between 
dimension. According to the results, two statistics from within dimension and three 
statistics from between dimensions are significant at 1% or 5% level.  

• Altogether, five statistics out of seven are significant indicating that the rejection of no 
cointegration null hypothesis under without financial crisis situation.  

• According to the Pedroni (2004) the Panel ADF and Group ADF statistics are 
considered as more reliable indication. In these results, both statistics rejected the null 
hypothesis of there is no cointegration. 



ALL ASIAN ECONOMIES – Model Selection  





• The Hausman test were preformed to select the robust model from PMG, MG 
and DFE.  

• In Hausman test, since p value is grater then 0.05, PMG is chosen over the 
MG; and since p value is greater than the 0.05 in the second equation DFE is 
chosen over the PMG.  

• Thus, finally DFE model is chosen to study the effects. The results of the test 
accept that DFE is the most efficient estimator than MG and PMG.  

• Thus, the model is re-estimated adding climate variables to the basic model. 



Dynamic Fixed Effect estimation 





Short run estimates:  
  
• As for the short-term error correction coefficient, the constant is statistically significant in 

DFE model means that there is fixed effect of these variables on the climate variables. 
• The DFE model has a positive relationship with current account balance (0.237), 

government debt (0.201), credit to private sector (0.326), fiscal balance (0.126), inflation 
(0.345), vulnerability (0.233), economic (0.634), and social (0.398), and a negative 
relationship with resilience (-1.290) and governance (-0.245).  

• According to the DFE models, sovereign risk is influenced by the vulnerability, resilience, 
economic, social and governance indicators of which indicate that 0.233, -1.290, 0.634, 
0.398 and -0.245 respectively. The resilience and governance are negatively significant 
means increasing 1% of those indicators decrease the sovereign risk by 1.29% and 
0.245% respectively.  

• Notably, one of the main concerns with the increasing resilience to improve the sovereign 
risk to be reduced. Resilience exerts negative short run impact on sovereign risk in the 
model. This indicates that the error correction forces the short run coefficient to proceed 
to its long run path.  



Long run estimates:  
  
• The DFE (3) model predicts that the current account balance (-0.326), GDP growth 

(-1.152), trade openness (-0.484), resilience (-1.703), and social (-0.842) indicators are 
negatively significant, however government debt (0.629), credit to private sector (0.283), 
inflation (0.462), and vulnerability (0.307) are positively significant at 5% level.  

• Those variables influence the sovereign risk of these countries in the long run.  
• Regarding the long-run coefficient of DFE (3), 1% increase of explanatory variables such 

as current account balance decreases the sovereign risk by 0.326%, GDP growth by 
1.152%, trade openness by 0.484%, resilience by 1.703% and social indicator by 
0.842%.  

• Moreover, 1% increase in government debt increases the sovereign risk by 0.629%, 
credit to private sector by 0.283, inflation by 0.462%, and vulnerability by 0.307%. 

• Therefore, the model predicts the climate change variation has influenced the sovereign 
risk by resilience, social indicator, and vulnerability significantly.  



EMERGING MARKETS IN ASIA 
Unit Root Tests



Pedroni’s cointegration test 



• Emerging markets in Asia: People’s Republic of China, India, Indonesia, Republic of Korea, 
Malaysia, Pakistan, Philippines, and Thailand  

• Pedroni (2004) cointegration test outcomes. From seven statistics, four indicators were 
significant under the without Asian financial crisis.  

• This indicates that there are cointegration relationship between the dependent and independent 
variables.  

• Thus, the evidences on cointegration are consistent with the country specific and multi-country 
studied. Further, with Asian financial crisis, four statistics are significant, implied that the 
existence of cointegration in those variables too.  

• Thus, having cointegration, Panel ARDL model can be implemented since the unit roots are also 
not present in the variables. 



EMERGING MARKETS – Model Selection  





• In Hausman test, since p value is grater then 0.05, PMG is chosen over the MG; and 
since p value is less than the 0.05 in the second equation MG is chosen over the DFE. 

• Thus, finally PMG model is chosen to study the effects.  

• The Hausman test results accept the null hypothesis that homogeneity restrictions on the 
long run regressors indicate that PMG is an efficient estimator than MG and DFE. 

  
• Thus, the analysis is focused on MPG model in the rest. The table presents the results of 

PMG estimator for the emerging markets in Asia. 



Pooled Mean Group estimation 





• Accordingly, the full PMG model (3) consists of negative but significant indicators such as 
current account balance (-0.246), GDP growth (-1.168), government debt (-0.323), credit 
to private sector (-0.417), trade openness (-0.473), resilience (-0.503) and social (-0.504) 
are significant at 5% level.  

• Moreover, GDP per capita (0.441), sovereign CDS spread (0.623), inflation (0.290), 
vulnerability (0.109) are significant positive predictors of the full PMG.  

• The error correction model shows that negative sign with not less than -2, implied that 
there is a long-term relationship in the predicted model.  

• Interestingly, climate change variables such as resilience and social indicators are 
negative predictors means 1% increase of those independent variables decrease the 
sovereign risk by 0.503% and 0.504% respectively.  

• Besides, vulnerability (0.109) is positively significant at 5% level indicates that 1% 
increase of the vulnerability will also increase the sovereign risk by 0.109%. 



• In short run, PMG model predicts current account balance (-0.643), GDP per capita 
(-0.482), government debt (-0.509), inflation (-0.641), trade openness (-0.228), 
resilience (-1.342) and Economic indicator (-0.209) were negatively significant.  

• However, GDP growth (0.290), credit to private sector (0.297), vulnerability (0.480) and 
social indicator (0.902) are positively significant at 5% level.  

• Even in short run, climate variables like resilience, vulnerability and social indicator were 
significantly predicts the sovereign risk.  

• The model allows for negative and significant error correction term which is more than 
negative two. Therefore, these results show that the emerging markets forecasting for 
the long-term path in the full model.  

• Nonetheless, the emerging markets are little different in terms of adjusting the short 
term and long-term impacts of climate change on sovereign bond spread in the results.  



CONCLUSION
In Asia: 
under the short run, climate change has a significantly influenced, according to the DFE which has a 
positive and negative relationships. Further, sovereign risk is influenced by climate variable such as 
vulnerability, resilience, economic, social and governance indicators.  

Under the long run, model predicts that the current account balance, GDP growth, trade openness, 
resilience, and social indicators are negatively significant, but government debt, credit to private 
sector, inflation, and vulnerability are positively significant at 5% level. 
  
In emerging markets: 
Under the short run, PMG model (3) consists of negative but significant indicators such as current 
account balance, GDP growth, government debt, credit to private sector, trade openness, resilience 
and social are significant. Moreover, GDP per capita, sovereign CDS spread, inflation, vulnerability 
are significant positive predictors of the full PMG.  
 



In short run,  

PMG model predicts current account balance, GDP per capita, government debt, inflation, 
trade openness, resilience and economic indicator were negatively significant. However, GDP 
growth, credit to private sector, vulnerability and social indicator are positively significant.  

Overall: 
The presence of a long-run relationship between the sovereign risk and climate change with its 
determinants found in this study implies the effectiveness of targeting one of the variables in 
influencing the long run behavior of other variables by policy makers. Accordingly, even under 
the short run and long run of the Asian and emerging markets, climate change variables are 
highly affected the sustainability of the sovereign bond spread in the study. Thus, the 
adjustment of the macroeconomic indicators is necessary to achieve the sustainable economy 
under the climate influence. 
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