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The impact of climate vulnerability on exchange rates: 

an empirical assessment 

 

Salem Boubakri*†    Cyriac Guillaumin‡ 

 

Abstract: Given the rising global temperatures and increasing frequency (and severity) of 

natural disasters, it is essential to understand the relationship between climate change and 

macroeconomic indicators. This paper investigates the impact of climate change vulnerability 

on exchange rate movements across 140 countries between 1995 and 2021, distinguishing 

between low- and high-income economies. Unlike previous studies that rely on ex post 

measures of climate impacts, we use a forward-looking climate vulnerability index. Using a 

panel approach, our results show that the exchange rate is negatively impacted by climate 

vulnerability. The effect is more pronounced in low-income countries, suggesting greater 

exposure and lower resilience to climate-related risks. Moreover, our analysis reveals that 

flexible exchange rate regimes can help to mitigate the adverse impact of climate vulnerability, 

acting as a buffer against environmental shocks. 
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L’impact de la vulnérabilité climatique sur les taux de change : 

Une évaluation empirique 

 

Résumé : Face à la hausse des températures mondiales et à l’augmentation de la fréquence (et 

de la gravité) des catastrophes naturelles, il est essentiel de comprendre le lien entre changement 

climatique et indicateurs macroéconomiques. Cet article examine l’impact de la vulnérabilité 

climatique sur les fluctuations du taux de change dans 140 pays entre 1995 et 2021, en 

distinguant les économies à faible revenu de celles à revenu élevé. Contrairement aux études 

précédentes qui s'appuient sur des mesures a posteriori du changement climatique, nous 

utilisons un indice de vulnérabilité climatique prospectif. Grâce à une approche en données de 

panel, nos résultats montrent que le taux de change est affecté négativement par la vulnérabilité 

climatique. Cet effet est plus marqué dans les pays à faible revenu, ce qui suggère une plus 

grande exposition et une moindre résilience aux risques climatiques pour ces pays. De plus, 

notre analyse révèle que les régimes de change flexibles peuvent contribuer à atténuer l’impact 

négatif de la vulnérabilité climatique, en agissant comme un amortisseur face aux chocs 

environnementaux. 

 

Mots-clés : risque climatique, vulnérabilité climatique, taux de change, régimes de change. 

 

Classification JEL : F31, F41, Q43, Q50. 
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1. Introduction 

Climate change is a serious contemporary issue that is affecting the world through global 

warming and environmental degradation, including cyclones, fires, floods and deforestation 

(Stott, 2016). 

Several papers highlight that the fluctuations related to climate change can influence several 

macroeconomic variables,1 such as trade balance (Loayza et al., 2012), productivity 

(Felbermayr and Groschl, 2014; Kalkuhl and Wenz, 2020), cost of capital (Kling et al., 2021), 

asset values and corporate financial performance (Bansal et al., 2016; Bernstein et al., 2019; 

Krueger et al., 2020; Bolton and Kacperczyk, 2021; Javadi and Masum, 2021), fiscal policy 

and sovereign risk (Lis and Nickel, 2009; Noy et Nualsri, 2011; Cevik et Jalles, 2022; Beirne 

et al., 2024), international trade (Dellink et al., 2017) and international capital flows (David, 

2010; Shear et al., 2023; Fagbemi and Oke, 2024). 

Many studies focuse on the macroeconomic impact of climate change on economic growth 

(Noy, 2009; Fomby et al., 2013; Kahn et al., 2021; Bayoumi et al., 2021; Zappalà, 2023; Bilal 

and Känzig, 2024). The primary findings highlight the negative impact of climate change on 

economic growth. Another strand of the literature focuses on the impact of climate change on 

inflation (Fratzscher et al., 2020; Mukherjee and Ouattara, 2021). All of these studies conclude 

that climate change increases inflationary pressure.  

However, few studies examine the impact of climate change on exchange rates.2 Theoretically, 

the impact of climate change on exchange rates is ambiguous. On the one hand, climate 

vulnerability can lead to a depreciation of the exchange rate. Indeed, as demonstrated by Dell 

et al. (2012), Burke et al. (2015), Rossello et al. (2020) and Heinen et al. (2019), the occurrence 

of natural disasters harms for supply chains, exports, tourism, productivity and economic 

growth, and the need for reconstruction increases imports. The result is a depreciation of the 

real exchange rate. On the other hand, as demonstrated by Jones and Olken (2010), Kablan and 

Strobl (2017) and Osberghaus (2019), natural disasters can lead to an appreciation of the real 

exchange rate through terms of trade effects. Moreover, appreciation of the real exchange rate 

can be accentuated by the higher flow of remittance and aid from international donors for 

reconstruction (Arezki et al., 2025). In this paper, we investigate the response of the real 

effective exchange rate to climatic vulnerability. Our motivation for studying the effect of 

                                                 
1 See, for instance, Kolstad and Moore (2020), Bilal and Stock (2025) or Kim et al. (2025) for a recent and large 

review. 
2 The link between exchange rates and natural resource income is now well understood and studied, following the 

seminal work of Chen and Rogoff (2003). See also, for example, Kapfhammer et al. (2020). 
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climate shocks on the exchange rate is the view that the exchange rate is an asset price that 

reflects macroeconomic value (Stern, 2007; Engel, 2016). Moreover, understanding the 

relationship between climate vulnerability and exchange rates is helpful for i) investors 

assessing the risks associated with some currencies and ii) policymakers managing exchange 

rate volatility and reacting to climate shocks. 

Our study contributes to the developing body of literature (Farhi and Gabaix, 2015; Hale, 2022; 

Lee et al., 2022; Nguyen and Nguyen, 2024) in the following ways. First, while most studies 

focus on the use of greenhouse gas emission metrics (Cheema-Fox et al., 2022), temperature 

elevation (Dell et al., 2009; Schlenker and Roberts, 2009; Burke et al., 2015) and natural risks 

(Hsiang, 2010), we focus on country climate vulnerability. Our investigation is specific in the 

sense that, instead of using the consequences of climate change, which can be only seen ex post 

by decision-makers, we use a climate vulnerability index, which can be evaluated ex ante. 

Second, our study contributes to the growing body of research on the relation between climate 

change and exchange rates. 

The rest of the paper is organized as follows. Section 2 presents the econometric methodology 

and describes the data used. Section 3 comments the results. Section 4 concludes. 

 

2. Econometric methodology and data 

2.1. Econometric methodology 

To assess the potential impact of climate vulnerability on the exchange rate, we rely on the 

following model: 

∆𝑟𝑒𝑒𝑟𝑖𝑡 = 𝛼𝑖 + 𝜃1𝑉𝑈𝐿𝑁𝑖𝑡 +∑ 𝛿𝑗∆𝑟𝑒𝑒𝑟𝑖𝑡−𝑗
𝑝
𝑗=1 + 𝜀𝑖𝑡  (1) 

for 𝑡 = 1,… , 𝑇 and 𝑖 = 1,… ,𝑁, with t denoting time and i country. Furthermore, 𝛼𝑖 denotes 

the country fixed effects, ∆𝑟𝑒𝑒𝑟 is the variation of the logarithm of the real effective exchange 

rate, 𝑉𝑈𝐿𝑁 is climate vulnerability and 𝜀𝑖𝑡 is an independent and identically distributed (i.i.d.) 

error term.3 Equation (1) is our baseline specification, where 𝑉𝑈𝐿𝑁 is the unique regressor. 

In a second step, we check whether the baseline specification results hold after controlling for 

the potential determinants of the exchange rate, as follows: 

∆𝑟𝑒𝑒𝑟𝑖𝑡 = 𝛼𝑖 + 𝜃1𝑉𝑈𝐿𝑁𝑖𝑡 + 𝜃2𝐸𝑅𝑅𝑖𝑡 + 𝛾𝑋𝑖𝑡−𝑗 + ∑ 𝛿𝑗∆𝑟𝑒𝑒𝑟𝑖𝑡−𝑗
𝑝
𝑗=1 + 𝜀𝑖𝑡  (2) 

where 𝐸𝑅𝑅 is the exchange rate regime and 𝑋𝑖𝑡 is a set of control variables, including country 

characteristics (real GDP per capita growth, financial development and current account 

                                                 
3 To control for potential autocorrelation, using AIC and BIC information criteria, we integrate ∆𝑟𝑒𝑒𝑟 with 2 lags. 
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balance). The role of the exchange rate is well established in the previous studies. A large body 

of literature has studied the advantages and drawbacks of both flexible and fixed exchange rate 

regimes as for shock absorption.4 A flexible exchange rate regime is generally advocated, 

thanks to its ability to insulate the domestic economy from external shocks. 

 

2.2. Data 

We construct a database for a large sample of 140 countries over the 1995–2021 period, which 

provides broad geographic and economic coverage, allowing for meaningful cross-country 

comparisons and robust empirical analysis. This extensive panel includes both advanced and 

developing economies, capturing a range of exchange rate regimes and levels of climate 

vulnerability (see Appendix). The real effective exchange rate (REER hereafter) is provided by 

the Darvas database (2012, 2021). The climate variable considered in this study is the Notre 

Dame Global Adaptation Initiative (ND-GAIN) overall vulnerability score (from 0 to 1). The 

vulnerability score measures “the propensity or predisposition of human societies to be 

negatively impacted by climate hazards” (Chen at al., 2015). A higher value corresponds to 

greater vulnerability to climate risks. 

For the exchange rate regime, we use the Reinhart and Rogoff de facto exchange rate regime 

(coarse) classification updated by Ilzetzki et al. (2019). In this classification, from 1 to 6, a high 

index represents a more flexible exchange rate regime (Reinhart and Rogoff, 2004). 

Data are collected from the Cepii database (CHELEM) for real GDP per capita. Different 

methods have been used to measure financial development.5 Following Levine et al. (2000), we 

use the financial development index developed by the IMF. As an alternative indicator (Levine, 

2005; Svirydzenka, 2016), and robustness checks, we also use domestic credit to the private 

sector (in % of GDP) and the ratio of M2 to GDP, both taken from the World Bank database 

(World Development Indicators). 

 

3. Empirical results and discussions 

We report the baseline results, namely estimation of equation (1) using the climate vulnerability 

index as the sole regressor, in column (1) of Table 1. The findings indicate that the impact of 

climate risk on the real exchange rate is negative and significant. On average, a 1% increase in 

climate vulnerability, such as that following a natural disaster, can depreciate the real exchange 

                                                 
4 See Beckmann et al. (2024) for a review. 
5 For example, Ligonnière (2018) provides further discussion on this topic. 
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rate by up to 3.6%. This confirms our hypothesis and aligns with the previous studies, such as 

Hale (2022) and Nguyen and Nguyen (2024), which also emphasize the adverse 

macroeconomic consequences of climate risk on exchange rates. 

In columns (2) and (3), we explore potential heterogeneity in this relationship by splitting the 

sample between low- and high-income countries.6 Using a simple linear regression, we notice 

that low-income countries are more vulnerable to climate risk than high-income countries. This 

can be explained by multiple factors (infrastructure, environmental policies, etc.).7 The results 

reveal that the effect is more pronounced in low-income countries, where the REER depreciates 

by an estimated 8.3%, although this coefficient is significant at the 10% level. For high-income 

countries, depreciation is more moderate, around 4%, and the statistical significance is weaker. 

These results suggest that lower-income economies may be more vulnerable to climate shocks, 

possibly due to weaker institutional frameworks, limited financial buffers or higher dependence 

on climate-sensitive sectors such as agriculture and natural resources. 

Columns (4) to (6) and (4’) to (6’) provide estimates based on equation (2),8 which introduces 

the exchange rate regime as an interacting variable. These specifications allow us to assess 

whether the flexibility of the exchange rate regime moderates the impact of climate 

vulnerability on REER movements. The coefficients in these columns support our hypothesis: 

across the full sample, and within low- and high-income groups, greater climate vulnerability 

is consistently associated with REER depreciation. However, the magnitude of this effect 

declines as exchange rate regimes become more flexible. For example, in column (4), which 

considers the full sample, the coefficient 𝜃2 is negative and significant at the 1% level, 

indicating that a more flexible exchange rate regime reduces the depreciation effect of climate 

vulnerability. 

The results are robust to the inclusion of control variables in columns (4') to (6'). Specifically, 

even after accounting for potential confounding macroeconomic factors, the dampening effect 

of flexible regimes remains statistically significant in most cases. This suggests that exchange 

rate flexibility is as an important shock absorber, enabling countries to better cope with climate-

related risks through nominal exchange rate adjustments rather than real economic disruptions. 

Overall, the results confirm a significant negative relationship between climate vulnerability 

and real exchange rates, with stronger effects in low-income countries. They also show that 

                                                 
6 To distinguish between low- and high-income countries, we use the classification established by the World Bank. 
7 See, for instance, Fajardo-Gonzalez et al. (2025) for a review. 
8 To save space, we only report the results of parameters 𝜃1 and 𝜃2 from equation (2). All detailed results are 

available upon request from the authors. 
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flexible exchange rate regimes can mitigate these impacts, acting as a shock absorber, as 

demonstrated by Elekdag and Tuuli (2023). These findings highlight the need to integrate 

climate risk into global macroeconomic analysis and exchange rate management and 

forecasting. They reinforce the urgency of coordinated international climate policies, as the 

economic costs of inaction include not only environmental damage but also heightened 

financial and exchange rate volatility. 
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Table 1. Empirical results 

 (1) (2) (3) (4) (4’) (5) (5’) (6) (6’) 

𝜃1 -0.036*** 

(0.003) 
  

-0.041*** 

(0.002) 

-0.048*** 

(0.003) 
 

 
  

          

𝜃1
𝑙𝑜𝑤 

 
-0.083*** 

(0.094) 
   

-0.082*** 

(0.076) 

-0.078 

(0.149) 
  

          

𝜃1
ℎ𝑖𝑔ℎ

   
-0.040 

(0.113) 
   

 -0.055*** 

(0.044) 

-0.070*** 

(0.081) 
          

𝜃2 
   

-0.005*** 

(0.000) 

-0.005*** 

(0.001) 
 

 
  

          

𝜃2
𝑙𝑜𝑤 

     
-0.003*** 

(0.086) 

-0.003 

(0.255) 
  

          

𝜃2
ℎ𝑖𝑔ℎ

       
 -0.006*** 

(0.004) 

-0.006*** 

(0.011) 
          

Constant 0.019*** 

(0.000) 

0.045*** 

(0.084) 

0.020*** 

(0.032) 

0.031*** 

(0.000) 

0.034*** 

(0.000) 

0.051*** 

(0.050) 

0.045 

(0.147) 

0.037*** 

(0.002) 

0.041*** 

(0.035) 
          

Obs. 3309 1104 2205 3304 3045 1099 1092 2205 2043 

Number of groups 138 46 92 138 134 46 45 92 89 
 

Notes: p-values are in parentheses. Computing p-value using bootstrap. 

Significant coefficient at 1% (***), 5% (**) or 10% (*). 

Results in columns (1), (2) and (3) are estimated using equation (1), i.e. the baseline specification. 

Results in columns (4), (5) and (6) are estimated using equation (2) without control variables. Results in columns (4’), (5’) and (6’) are estimated using equation (2) including 

control variables. 
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4. Conclusion 

While the literature provides extensive reviews of the impact of climate change on economic 

growth and inflation, less attention has been paid to its effects on exchange rates. This paper 

investigated how climate vulnerability influences real effective exchange rate movements 

across 140 countries between 1995 and 2021. Using a panel approach, our results show that 

exchange rates are negatively affected by climate vulnerability, with low-income countries 

being disproportionately impacted. These countries appear more exposed and less resilient to 

climate-related shocks. Our results also reveal that flexible exchange rate regimes can help to 

mitigate the adverse impact of climate vulnerability, acting as a buffer against environmental 

shocks. Further research could focus on two main directions. First, a more detailed classification 

of currencies (e.g. commodity, safe haven) and countries (by region or level of vulnerability) 

could reveal differentiated exchange rate responses to climate risk. And second, future studies 

could deepen the analysis of climate vulnerability by exploring alternative indicators or 

breaking it down into key components such as type of natural disaster, exposure, sensitivity and 

adaptive capacity, to better understand its impact on exchange rate dynamics. 
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Appendix 

 

Table A1. Descriptive statistics 

Variable Obs. Mean Q1 Median Q2 St. Dev. Min Max 

         

 Total sample 

𝑟𝑒𝑒𝑟 3777 104.52 93.62 100.60 111.61 25.13 10.79 622.81 

𝑦 3780 20242.21 5005.94 12678.79 30503.15 20329.88 469.19 121198.43 

𝑐𝑎𝑦 3468 -2.09 -6.07 -2.38 1.72 8.79 -148.00 49.98 

𝐹𝑖𝑛𝐷𝑒𝑣 3753 0.34 0.14 0.29 0.49 0.23 0.00 1.00 

𝑊𝐵 3113 54.59 19.99 39.86 76.32 46.41 0.00 304.58 

𝑀2 3121 56.44 27.73 45.81 69.80 45.47 2.86 454.70 

𝑇𝑜𝑇 3390 100.20 91.93 99.72 106.49 20.68 18.70 273.08 

𝑅𝑅 3775 1.93 1 2 3 1.11 1 6 

𝑉𝑈𝐿𝑁 3726 0.43 0.36 0.42 0.49 0.09 0.25 0.68 

         

 Low Income sample 

𝑟𝑒𝑒𝑟 1242 106.36 94.16 100.85 113.20 27.39 32.98 622.81 

𝑦 1242 4163.84 1968.95 3339.06 5218.88 3140.54 469.19 19499.41 

𝑐𝑎𝑦 1119 -4.73 -8.03 -4.18 -0.96 7.46 -40.69 49.98 

𝐹𝑖𝑛𝐷𝑒𝑣 1242 0.16 0.09 0.13 0.21 0.10 0.00 0.58 

𝑊𝐵 1114 27.51 11.54 19.54 36.08 22.91 0.49 124.28 

𝑀2 1200 42.04 19.12 30.55 52.21 36.32 2.86 260.62 

𝑇𝑜𝑇 1205 98.02 87.51 97.98 106.80 24.02 18.70 273.08 

𝑅𝑅 1237 1.85 1 2 2 1.11 1 6 

𝑉𝑈𝐿𝑁 1242 0.51 0.48 0.51 0.56 0.07 0.32 0.68 

         

 High Income sample 

𝑟𝑒𝑒𝑟 2535 103.62 93.27 100.49 110.99 23.90 10.79 363.83 

𝑦 2538 28110.35 12223.14 22170.29 40542.07 20550.57 1785.62 121198.43 

𝑐𝑎𝑦 2349 -0.83 -4.95 -1.51 2.90 9.10 -148.00 45.46 

𝐹𝑖𝑛𝐷𝑒𝑣 2511 0.43 0.24 0.39 0.60 0.23 0.06 1.00 

𝑊𝐵 1999 69.68 31.56 55.50 100.15 49.25 0.00 304.58 

𝑀2 1921 65.44 37.83 53.54 76.85 48.22 5.74 454.70 

𝑇𝑜𝑇 2185 101.41 94.69 100.00 106.28 18.48 27.03 234.57 

𝑅𝑅 2538 1.97 1 2 3 1.11 1 6 

𝑉𝑈𝐿𝑁 2484 0.38 0.34 0.38 0.43 0.06 0.25 0.62 
Notes: Obs. is the number of countries in the panel. Q1 is the first quantile, Q3 is the third quantile. St. Dev is the Standard 

Deviation. Min is minimum. Max is maximum. 

𝑟𝑒𝑒𝑟 is the real effective exchange rate, 𝑦 is the GDP per capita, 𝑐𝑎𝑦 is the current account balance (in % of GDP), 

𝐹𝑖𝑛𝐷𝑒𝑣 is the financial development index developed by the IMF, 𝑊𝐵 is the level of financial development measured 

as the domestic credit to the private sector (in % of GDP), 𝑀2 is the ratio of M2 to GDP, 𝑇𝑜𝑇 are the terms of trade, 𝑅𝑅 

is the classification of the exchange rate regime and 𝑉𝑈𝐿𝑁 is the climate vulnerability. 

Authors’calculations. See section 2 for details. 
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A.2. Composition of Samples 

A.2.1. Total Sample  

Albania, Algeria, Angola, Argentina, Armenia, Australia, Austria, Azerbaijan, Bahamas, 

Bahrain, Bangladesh, Barbados, Belgium, Belize, Benin, Bolivia, Bosnia and Herzegovina, 

Botswana, Brazil, Bulgaria, Burkina Faso, Burundi, Cabo Verde, Cambodia, Cameroon, 

Canada, Chad, Chile, China, Colombia, Comoros, Congo Dem. Rep., Congo Rep., Costa Rica, 

Côte d’Ivoire, Croatia, Cyprus, Czechia, Denmark, Dominican Republic, Ecuador, Egypt, El 

Salvador, Equatorial Guinea, Estonia, Eswatini, Ethiopia, Fiji, Finland, France, Gabon, 

Georgia, Germany, Ghana, Greece, Guatemala, Honduras, Hong Kong, Hungary, Iceland, 

India, Indonesia, Iran, Iraq, Ireland, Israel, Italy, Jamaica, Japan, Jordan, Kazakhstan, Kenya, 

Korea Rep., Kuwait, Kyrgyz Republic, Latvia, Lebanon, Lesotho, Lithuania, Luxembourg, 

Malawi, Malaysia, Maldives, Mali, Malta, Mauritania, Mauritius, Mexico, Moldova, Mongolia, 

Morocco, Mozambique, Namibia, Nepal, Netherlands, New Zealand, Nicaragua, Niger, 

Nigeria, North Macedonia, Norway, Oman, Pakistan, Panama, Paraguay, Peru, Philippines, 

Poland, Portugal, Qatar, Romania, Russian Federation, Rwanda, Samoa, Saudi Arabia, Senegal, 

Serbia, Seychelles, Singapore, Slovak Republic, Slovenia, Solomon Islands, South Africa, 

Spain, Sri Lanka, Suriname, Sweden, Switzerland, Thailand, Togo, Trinidad and Tobago, 

Tunisia, Türkiye, Uganda, United Arab Emirates, United Kingdom, United States, Uruguay, 

Vietnam, Zambia. 

 

A.2.2. Low Income Sample 

Angola, Bangladesh, Benin, Bolivia, Burkina Faso, Burundi, Cabo Verde, Cambodia, 

Cameroon, Chad, Comoros, Congo Dem. Rep., Congo Rep., Côte d’Ivoire, Egypt, Eswatini, 

Ethiopia, Ghana, Honduras, India, Jordan, Kenya, Kyrgyz Republic, Lebanon, Lesotho, 

Malawi, Mali, Mauritania, Morocco, Mozambique, Nepal, Nicaragua, Niger, Nigeria, Pakistan, 

Philippines, Rwanda, Samoa, Senegal, Solomon Islands, Sri Lanka, Togo, Tunisia, Uganda, 

Vietnam, Zambia. 

 

A.2.3. High Income Sample 

Albania, Algeria, Argentina, Armenia, Australia, Austria, Azerbaijan, Bahamas, Bahrain, 

Barbados, Belgium, Belize, Bosnia and Herzegovina, Botswana, Brazil, Bulgaria, Canada, 

Chile, China, Colombia, Costa Rica, Croatia, Cyprus, Czechia, Denmark, Dominican Republic, 

Ecuador, El Salvador, Equatorial Guinea, Estonia, Fiji, Finland, France, Gabon, Georgia, 

Germany, Greece, Guatemala, Hong Kong, Hungary, Iceland, Indonesia, Iran, Iraq, Ireland, 
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Israel, Italy, Jamaica, Japan, Kazakhstan, Korea Rep., Kuwait, Latvia, Lithuania, Luxembourg, 

Malaysia, Maldives, Malta, Mauritius, Mexico, Moldova, Mongolia, Namibia, Netherlands, 

New Zealand, North Macedonia, Norway, Oman, Panama, Paraguay, Peru, Poland, Portugal, 

Qatar, Romania, Russian Federation, Saudi Arabia, Serbia, Seychelles, Singapore, Slovak 

Republic, Slovenia, South Africa, Spain, Suriname, Sweden, Switzerland, Thailand, Trinidad 

and Tobago, Türkiye, United Arab Emirates, United Kingdom, United States, Uruguay. 
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