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Abstract 
Purpose – From generation to generation, the poor and less developed have always borne the negative 
consequences of the extravagant lifestyles of the rich. The climate seems to perpetuate this injustice by 
punishing the good people with the consequences of the irresponsible acts of the wealthy. Therefore, this paper 
aims to establish the relationship between climate risk and carbon emissions. Then, this paper investigates the 
economic consequences of climate risk in both developed and developing countries. 
Design/methodology/approach – This paper uses robust econometrics, including fixed effect and the two- 
step system generalised method of moments, on a large sample of 175 countries from 2008 to 2019. 
Findings – Unsurprisingly, this paper found that climate risks are negatively associated with carbon emissions, 
indicating that countries with lower emissions are more exposed to frequent and severe climate-related disasters 
than those with higher emissions. Additionally, this paper discovered that climate risk has a negative impact on 
economic development, which is more pronounced in developing countries. The results are robust to alternative 
measurement and econometric modelling, including the system-generalized method of moments. 
Originality/value – These findings suggest that developing countries, the least contributors to climate 
change, unfairly suffer from the environmentally irresponsible actions of high-emitting developed countries. 

Keywords Climate change, Climate risk, Climate disaster, Carbon emission,  
Developed and developing countries, Intrusion detection, Concept drift detection,  
Online incremental learning 

Paper type Research paper 

1. Introduction
Historically, the world has not been fair to all countries, from civilisation to industrialisation. 
This trend of unfairness has been attributed mainly to human greed and the quest for power 
(Hunter, 2009). From generation to generation, the poor and less developed have always 
borne the negative consequences of the extravagant lifestyles of the rich (Shue, 1993). Social 
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and political policies have structured an unfair world. During civilisation and colonisation, 
rich/advanced countries engaged in human slavery to build their nations at the expense of 
others (Alemazung, 2010). Other countries were invaded, and resources were taken for little 
or no cost. In the present day, these practices continue through foreign investment and trade, 
which exploit the poor by either dumping goods or rapidly extracting resources (Glaister 
et al., 2020; Jauch, 2011). As if these actions were not enough, through foreign aid and 
international diplomacy, advanced countries directly or indirectly dictate how other nations 
should be governed (Alesina and Dollar, 2000). 

These actions have left scars of unfairness across the world. As the world continues to 
battle to heal from the unfairness of past actions, climate change appears to create a new level 
of unfairness. In recent years, the world has seen the increasing wrath of nature towards 
humans through frequent disasters such as floods, droughts, bushfires and cyclones. For 
example, according to Eckstein et al. (2021), from 2000 to 2019, about 11,000 climate 
disasters have caused approximately 500,000 deaths and $2.56tn in property loss. Unlike 
existing unfairness, such as slavery and colonisation caused by greed and the quest for power 
(Alemazung, 2010), at face value, climate change appears to be a natural occurrence that 
affects every country regardless of its development status. These natural disasters are a result 
of our environmental irresponsibility. However, the question remains: Are these climate 
punishment actions fairly distributed based on our actions? Are countries receiving a fair 
punishment for their contributing role to climate change? 

In this paper, we attempt to answer these questions by examining the global trend of carbon 
emissions and climate risk. Additionally, we analyse the relationship between various economic 
indicators and climate risk to identify the countries that are bearing the highest costs of climate 
change. Arguably, ensuring an equitable distribution of the consequences of climate change will 
be a significant factor in determining which countries will suffer the most. Essentially, countries 
with high carbon emissions should experience greater impacts from climate change. 

Prior studies have established that developed countries are higher emitters than developing 
countries (Galeotti and Lanza, 1999; Mahapatra and Irfan, 2021; Wu et al., 2018). For example, 
Wu et al. (2018) suggest that developed countries emit more greenhouse gases because they 
use a lot of electronic gadgets and travel more. Regardless of the energy efficiency of the latest 
gadgets, frequent usage generates more emissions than less energy-intensive gadgets used in 
developing countries. Furthermore, affluent people drive their cars and fly more, generating 
high emissions (Heil and Wodon, 1997). Therefore, in fairness, developed countries should 
bear more of the burden of climate change than developing countries. 

Based on these arguments, we examine the relationship between carbon emission and 
climate risk, as well as the economic consequences of climate risks. We use the 
comprehensive measure of climate risk developed by Eckstein et al. (2021) at Germanwatch. 
The climate risk measure captures the frequency and severity of climate risk-related disasters 
in a country in both the long and short terms. Using a large sample of 175 countries between 
2008 and 2019, we find that climate risk is negatively and significantly associated with 
carbon emission, suggesting that high-emitting countries have a lower risk of climate 
disaster. Thus, low-emitting countries are at a higher risk of climate-related disasters than 
high-emitting countries. We also establish that climate risk negatively and significantly 
impacts industrialisation, economic development and economic growth. 

Further analysis demonstrates that our findings are more pronounced for developing 
countries than for developed countries. Specifically, we found that climate risk does not 
significantly affect developed countries, but the negative impact in developing countries is 
highly significant. The probability of climate-related disasters occurring in developing 
countries is high, and these risks are significantly detrimental to industrialisation, economic 
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growth and economic development. We attribute the insignificant effect of climate risk in 
developed countries to the availability of risk-mitigating mechanisms in those countries. In 
effect, our results suggest that developed countries have the luxury of polluting the 
environment while developing countries will have to bear the wrath of climate change. Our 
results provide empirical support for the argument that climate change is a key variable in 
explaining per capita income differences between developing countries such as Africa and 
wealthier regions of the world (Nordhaus, 2006). 

Climate change is unfair, as its impacts are felt unequally worldwide and by different 
populations. Historically, developed countries have been responsible for most greenhouse 
gas emissions that cause climate change. However, the poorest and most vulnerable 
communities bear the consequences. These communities often lack the resources to adapt 
and mitigate the effects of climate change, while developed countries have more resources to 
cope with the impacts and take action to reduce their emissions. Furthermore, climate change 
exacerbates existing inequalities and injustices, such as gender inequality and racial 
discrimination. Therefore, addressing climate change requires a fair and equitable approach 
that considers historical and current inequalities to ensure that the most vulnerable 
populations are not left behind. These findings offer policy implications that developing 
countries, the least contributors to climate change, unfairly suffer from the environmentally 
irresponsible actions of developed countries, which are high emitters. 

The rest of the paper is structured as follows. Section 2 will provide an overview of the 
literature review and theoretical framework. Section 3 will cover the research design, 
including data selection, econometric modelling and variable definition. Section 4 will 
present the results and discussion of the paper. Finally, in Section 5, we will conclude with 
policy implications and suggestions for future research. 

2. Literature review and theory 
2.1 Literature review 
2.1.1 Definition and description of climate injustice. Climate injustice, also known as 
climate inequity or environmental injustice, emphasises the disproportionate and unfair 
distribution of the impacts of climate change and environmental degradation among various 
social groups, communities and regions (Meikle et al., 2016). It highlights how vulnerable 
and marginalised populations, often with the least responsibility for causing climate change, 
suffer the most from its consequences (Caney, 2021). The impacts of climate change can 
vary significantly between developing and developed countries because of differences in 
vulnerability, adaptive capacity and economic structures (The Stern Review, 2006; Liu et al., 
2023). 

Historically, industrialised nations in the Global North have been the primary contributors 
to the accumulation of greenhouse gases in the atmosphere (Liu et al., 2023). Burning fossil 
fuels, deforestation and industrial activities in these countries have released significant 
amounts of carbon dioxide and other greenhouse gases (Sultana, 2022). For instance, 
Magazzino (2024) suggests that China’s rapid gross domestic product (GDP) growth is 
driven by high electricity consumption, which causes environmental degradation. This 
historical responsibility raises questions about the fairness of the situation, as the impacts of 
climate change are felt globally (Ciplet et al., 2022). 

2.1.2 Impact of climate change. The impacts of climate change are not evenly 
distributed. Vulnerable communities, often in developing countries, are disproportionately 
affected because of their geographical location, poverty and lack of resources (Sultana, 
2022). This raises concerns about the fairness of a situation where those who contributed 
least to the problem are often the most severely impacted. 
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Many developing countries heavily rely on climate-sensitive sectors such as agriculture, 
fisheries and forestry (Hertel and Rosch, 2010; Leaky et al., 2021; Mendelsohn, 2009). 
Climate-related disruptions can result in economic losses, increased poverty and reduced 
access to basic services. Developing countries often lack the financial resources to invest in 
climate adaptation and mitigation measures, which hinders their ability to build resilience 
and transition to cleaner, more sustainable development pathways (Ravindranath and 
Sathaye, 2002). Access to technology such as AI (Magazzino, 2023) that helps mitigate or 
adapt to climate change, including renewable energy and early warning systems, may be 
unequal, leaving some communities at a disadvantage. Mele et al. (2021) report that the use 
of renewables may sustain economic growth recovery, leading to a better-performing GDP 
acceleration. 

Climate injustice is not limited to disparities within countries; it also includes global 
disparities. Historically, developed countries have contributed the most to greenhouse gas 
emissions, yet developing countries often suffer the most from the impacts (Nath and Behera, 
2011; Wood et al., 2018). Despite the effects on developing countries, developed countries 
may also face challenges such as increased migration from climate-affected regions, which 
could lead to social and political tensions (Kaczan and Orgill-Meyer, 2020). They may also 
need to provide support for developing countries experiencing climate-induced 
displacement. Ahmed (2017) suggests that developed countries such as Australia and the 
USA should take responsibility for more than 10% of global climate refugees. 

Although the above commentary suggests potential climate injustice, none of them 
provide empirical evidence on how climate change affects developed and developing 
countries differently. Empirical analysis is crucial to confirm or reject these assertions and 
inform policy formulation. Therefore, this paper aims to fill this gap in the literature by 
examining the impact of climate change on economic outcomes, with an emphasis on 
developed and developing countries. 

2.2 Theoretical framework 
2.2.1 Environmental justice theory. We use two theories to explain the unfairness of climate 
change. The first theory is environmental justice theory, which examines the unequal 
distribution of environmental hazards and benefits within society (Schlosberg, 2004, 2007). 
When applied to climate change, this theory emphasises the disproportionate exposure of 
marginalised communities to climate impacts and the need for inclusive decision-making 
processes that prioritise their concerns (Sze and London, 2014). This theory highlights the 
unequal distribution of the consequences of climate change suggesting that high-emitting 
countries do not bear proportionate consequences of their actions towards climate change 
(Schlosberg, 2004, 2007; Sze and London, 2014). Environmental justice recognises that 
communities may experience multiple sources of pollution and environmental stressors 
simultaneously, leading to cumulative health effects that exacerbate existing inequalities. 
Marginalised communities often face disproportionate exposure to environmental hazards, 
such as pollution from industrial facilities, waste disposal sites or transportation corridors. 
This leads to adverse health outcomes and a reduced quality of life. Environmental justice 
advocates for fairness in the distribution of environmental resources and risks, ensuring that 
vulnerable populations are not disproportionately burdened by pollution or deprived of 
access to clean air, water and land (Bullard, 2000). It emphasizes the inclusion of affected 
communities in decision-making processes related to environmental policies and projects, 
empowering them to voice their concerns and preferences (Schlosberg, 2007). 
Environmental justice efforts often involve legal and policy advocacy to address systemic 
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inequalities and promote equitable environmental outcomes. This includes litigation, 
community organising and policy reform initiatives. 

2.2.2 Climate debt theory. Similar to environmental justice theory, the climate debt 
theory asserts that developed countries owe a debt to developing countries for the historical 
emissions that have contributed to climate change (Warlenius, 2018). The theory posits that 
there is a climate injustice between developed and developing countries. This idea is 
consistent with environmental justice theory, which states that environmental disasters are 
unequal across different countries. 

Climate debt theory is a concept within the broader discourse of climate justice that 
emphasises the historical and moral responsibility of developed countries for the greenhouse 
gas emissions that have led to climate change (Hickel, 2020). The theory argues that these 
countries, which have historically contributed the most to global carbon emissions through 
industrialisation and economic development, owe a debt to developing countries that are 
disproportionately affected by the impacts of climate change. 

Developed countries, often referred to as “climate debtors,” have benefitted from 
economic activities that generated substantial greenhouse gas emissions. These emissions 
have accumulated over time and significantly contributed to the current levels of atmospheric 
carbon dioxide. Developing countries, referred to as “climate creditors,” have contributed 
less to global emissions but suffer the most severe consequences of climate change, 
including rising sea levels, extreme weather events and disrupted ecosystems. These impacts 
pose a threat to their development prospects, livelihoods and overall well-being (Fryett, 
2021; Matthews, 2016). 

As argued by Platje and Kampen (2016), the threats of climate change may be 
acknowledged but easily neglected. Based on both theories, we argue that the economic 
consequences of climate change are likely to differ between developed and developing 
countries. More specifically, we opined that developing countries, being the least contributors 
to climate change, bear the significant consequences of climate change. In contrast, developed 
countries bear the least negative consequences despite being the highest emitters. Therefore, 
we specify the hypothesis as follows:  

H1. Climate change negatively affects developing (low emitters) than developed 
countries (high emitters). 

3. Research design 
3.1 Data selection 
We used a large sample of 175 countries from 2008 to 2019. Our sample selection is limited 
to climate risk data. The climate risk data end in 2019. Notwithstanding this limitation, our 
sample comprises an adequate number of developed and developing countries to enable 
comparative analyses. We collect data from different sources, including Germanwatch, 
World Development Indicators and the World Governance Indicators. 

3.2 Econometric identification strategy 
Consistent with prior studies, we conducted various pre-regression analyses (Tawiah et al., 
2021) to determine the appropriate econometric modelling. In addition to the pairwise 
correlation matrix, we perform the Hausman (1989) to see if there is a correlation between 
the unique errors and the repressors in the model. The null hypothesis was that there was no 
correlation between the two. The results of the Hausman test led to the rejection of the null 
hypothesis, therefore we decided to use the fixed effect model. We specified two models as 
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follows: the first model was used to establish the relationship between carbon emissions and 
climate risk: 

Climate riskit ¼ a þ b 1 Carbon emissionit þ b 2 Economic developmentit 
þ b 3 Economic growthit þ b 4Populationit 
þ b 5 Urban populationit þ b 6Population grwothit 
þ b 7 Industralisatonit þ b 8Industry grwothit 
þ b 9 Total resource rentit þ «it 

(1)  

After establishing the relationship between carbon emission and climate risk, we then specify 
our second model to estimate the economic consequences of climate risk: 

Economic outcomeit ¼ a þ b 1 Climate riskit þ b 2 Economic developmentit 
þ b 3 Economic growthit þ b 4 International tradeit 
þ b 5Foreign direct investmentit þ b 6Populationit 
þ b 5 Urban populationit þ b 6Population grwothit 
þ b 7 Total resource rentit þ b 8 Instiutiional qualityit 
þ «it 

(2)  

where economic outcome takes the variables of industrialisation, industry growth, economic 
growth and economic development in separate estimations. 

3.3 Definition of variables 
3.3.1 Variables of interest (dependent and independent variables). Climate risk: Climate 
risk refers to the potential negative impacts of climate change on various aspects of 
human society, the natural environment and the economy. These risks arise from 
changing climate patterns, such as rising temperatures, changing precipitation patterns, 
sea-level rise, increased frequency and intensity of extreme weather events (such as 
hurricanes, floods and droughts) and other related factors (Eckstein et al., 2021). 
Consistent with prior studies (Ding et al., 2021; Huang et al., 2018; Liu et al., 2023), we 
use the climate risk index by Germanwatch. The index also has the advantage of accuracy 
and reliability in the measurement (Ding et al., 2021; Huang et al., 2018). This is a 
two-year lagged index; hence, the 2021 index is based on actual events from 2019. We 
use climate risk as a dependent variable in Model 1 (EQ1) and as an independent variable 
in Model 2 (EQ2). 

Economic outcome: We use four proxies to measure economic outcomes. 
Industrialisation is the value of the industry as a percentage of the GDP. According to the 
World Development Indicator, industrialisation comprises value added in mining, 
manufacturing (also reported as a separate subgroup), construction, electricity, water and 
gas. Value added is the net output of a sector after adding up all outputs and subtracting 
intermediate inputs. Industry growth is the annual change in industrialisation. We use both 
industrialisation and industry growth to examine the impact of climate risk on 
industrialisation and private sector growth. Arguably, industrialisation and the private sector 
remain key sectors for every country. The next two sets of economic outcomes are economic 
development and economic growth. Economic development is measured by GDP per capita, 
and Economic growth is annualised changes in GDP. The economic outcome variables are 
used as dependent variables in Model 2 (EQ2) and control variables in Model 1 (EQ1). 
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Control variables: Consistent with prior studies, we include a battery of variables to 
control for factors that are likely to influence the dependent variables (climate risk and 
economic outcomes). These control variables include population, population growth and 
urban population. Highly populated countries are expected to have high exposure to climate 
risk. We also include institutional quality, as good institutions will have a good system to 
adapt to climate risk and increase economic outcomes. The endowment and extraction of 
natural resources are also found to affect climate risk and economic outcomes. Natural 
resources-endowed countries have a high risk of climate disasters. However, they also have 
significant wealth to increase economic outcomes. We also include international trade and 
foreign direct investment to control the effect of external factors on domestic outcomes. 
Table 1 presents the definition, measurement and sources of the variables. 

4. Results and discussion 
4.1 Descriptive statistics and correlation matrix 
The descriptive statistic is presented in Table 2. The statistics include the mean, standard 
deviation, 25th percentile, median and 75th percentile of the variables. The mean of Climate 
disasters is 87.79, indicating the severity of climate-related disasters in recent years. The 
high value of the 75th percentile of 117.3 and standard deviation of 40.07 suggest large 
variations across the sample. We also observe high variations in the other dependent 
variables. 

We use the Pearson Pairwise correlation matrix to test the suitability of our variables for 
regression estimation in terms of multi-collinearity. The results are presented in Table 3. 
None of the independent and control variables has a high correlation above the threshold to 
post multi-collinearity issues (Field, 2000; Tabachnick and Fidell, 2013). 

4.2 Baseline results 
The premise of this study is climate injustice, which means that the least contributors to 
climate change are the highest sufferers of climate disasters. Therefore, we begin our 
analyses by establishing the relationship between climate risk and carbon emission. This 
analysis aims to test whether high-emitting countries experience severe climate disasters. In 
other words, does high carbon emission lead to large negative climate outcomes? If our 
argument of climate injustice holds, we expect a significant inverse relationship between 
carbon emissions and climate risk. The results are presented in Column 1 of Table 4. We 
include the year effect to control for the time-variant effect in the estimations. The robust 
standard errors are clustered at the country level. The coefficient of carbon emission is 
negative and highly significant at 1%. The inverse relationship between carbon emission and 
climate risk suggests that high-carbon-emitting countries are less likely to experience 
climate-related disasters. Therefore, the results in Table 4 provide empirical support to the 
premise that climate change exerts unfair consequences regarding the contributors. In effect, 
compared with other countries, high-emitting countries experience and bear the least 
consequences of decades of unsustainable living. This is consistent with environmental 
justice and climate debt theories, which suggest that the consequences of climate change are 
uneven among emitting countries (Hickel, 2020; Warlenius, 2018). 

Having established the relationship between carbon emission and climate risk, we 
examine the effect of climate risk and some key economic indicators. The purpose of these 
analyses is to establish the economic consequences of climate risk. We use the following 
variables as a proxy for development and economic indicators: industry growth, 
industrialisation, GDP per capita and GDP growth. The results are presented in Columns 2–4 
of Table 4. The coefficient of climate risk is negative and significant in all three columns. The 
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Table 2. Descriptive statistics 

Variables 
(1) 
Mean 

(2) 
SD 

(3) 
p25 

(4) 
p50 

(5) 
p75 

(6) 
Min 

(7) 
Max  

Economic growth 4.005 5.631 1.487 3.578 5.917 � 50.34 1.0e þ 11 
Carbon emission 40.69 502.9 0.657 2.693 6.483 0.0207 9,139 
Foreign direct investment 6.103 17.90 1.376 3.122 6.417 � 57.53 449.1 
Population growth 1.953 7.849 0.448 1.248 2.259 � 5.280 109.2 
Urban population 57.36 23.25 37.92 57.12 76.86 9.617 100 
Industrialisation 26.26 13.06 17.92 24.37 31.40 0.008 86.67 
Industry growth 3.664 10.75 � 0.415 3.181 6.998 � 75.05 162.3 
Natural resources 7.363 11.34 0.323 2.087 9.923 0 81.91 
Climate risk 87.79 40.07 56 84.50 117.3 0 179.2 
Institutional quality � 0.0201 0.886 � 0.666 � 0.177 0.669 � 2.000 1.889 
Population 15.49 2.416 14.26 15.78 17.09 3.981 21.07 
Economic development 8.585 1.566 7.408 8.631 9.735 � 0.666 11.73 
International trade 91.33 55.64 56.40 80.61 108.9 1.219 442.6  

Notes: This table presents the descriptive statistics of the variables used in the estimations. The definition 
and measurements of the variables are presented in Table 1 
Source: Authors’ own creation  

Table 3. Correlation matrix  

Variable name 1 2 3 4 5 6 7 8 9 10 11 12  

Climate risk 1            
Carbon emission 0.06 1     
Economic  
development 0.08 0.66 1          
Economic growth � 0.02 0.36 � 0.34 1         

      

Population � 0.28 � 0.26 0 � 0.48 1        
Urban population 0.16 0.71 0.54 0.04 � 0.01 1       
Population growth 0.22 0.3 � 0.39 0.55 � 0.44 � 0.05 1      
Industrialisation 0.18 0.23 0.16 � 0.14 0.3 0.18 � 0.1 1     
International trade 0.2 0.33 0.35 0.02 � 0.42 0.28 � 0.08 � 0.06 1    
Foreign direct  
investment 0.06 0.07 0.09 0.02 � 0.14 0.09 � 0.02 � 0.12 0.29 1   
Industry growth � 0.01 � 0.1 � 0.2 0.13 � 0.01 � 0.14 0.15 0 0.02 0.02 1  
Natural resources 0.33 � 0.02 � 0.13 � 0.04 0.12 0 0.05 0.65 � 0.11 � 0.06 0.09 1 
Institutional quality 0.01 0.54 0.76 � 0.04 � 0.21 0.52 � 0.1 � 0.21 0.38 0.14 � 0.13 � 0.42  

Notes: This table presents the Pearson pairwise correlation matrix among the variables used in the estimations 
Source: Authors’ own creation  

International 
Journal of Climate 
Change Strategies 
and Management  

57  

results suggest that climate risk retard different areas of development, including 
industrialisation. The occurrence of climate-related disasters leads to loss of income and a 
high number of deaths. 

Further, climate-related disasters such as floods and bushfires destroy major infrastructures 
such as transport network systems and factories. According to the Germanwatch Climate Risk 
Report, between 2000 and 2019, about 11,000 climate-related disasters claimed over 475,000 
lives and caused losses of about $2.56tn (Eckstein et al., 2021). In addition to destroying 
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infrastructures, climate-related disasters also reduce consumption and cripple productivity in 
the country. These concomitant outcomes of climate disasters decrease a country’s 
industrialisation and rate of growth. Our results are consistent with prior studies that climate- 
related disasters negatively impact the country’s economic performance. Raddatz (2007) 
reports a decrease in GDP per capita for least developed countries. In Argentina, González 
et al. (2021) show that climate-related disaster is associated with a significant reduction in 
economic growth at the district level. 

In addition to being statistically significant, our results provide useful information for 
economic decisions. Economically, a one basis point increase in climate risk will lead to a 
1.95% decrease in industrialisation and a 2.58% decrease in industry growth [1]. This is 
alarming, given that the average industrialisation and industry growth are about 26.26% and 
3.66%, respectively. 

The results of many control variables are consistent with standard assumptions and 
existing literature. For example, we find that rapid extraction of natural resources is positive 
and significantly associated with high climate risk (Riebsame, 2019; Tompkins and Adger, 
2004). Population and population growth increase the chances of climate-related disasters. 
Regarding the control variables in the effect of climate risk, we observe that trade and FDI 
are associated with different economic and development indicators. Industrialisation also 
increases economic growth and economic development. Arguably, high industrialisation 
creates jobs, increases consumption and thus generates high economic development. 

4.3 Developed countries 
In the preceding analyses, we have assumed that all countries are similar, and hence, the 
consequences of climate risk should be similar. Prior studies have shown that climate-related 
disasters are more severe for developing countries, though they are the least contributors to 
climate change (Auffret, 2003; Raddatz, 2007). However, the occurrence of climate-related 
disasters does not consider the development status of the country. Over the years, we have 
seen floods and droughts in the USA and Australia, which are developed countries. Similarly, 
we have seen the same climate-related disasters in Pakistan, Nigeria and Sudan, which are 
classified as developing countries. Therefore, this section tests whether the negative 
relationship between climate risk and carbon emission differs between developed and 
developing countries. We also examine the economic consequence of climate risk in these 
two sets of countries. The determination and classification of countries into developing and 
developed countries have always been a contention due to using different indicators. 
However, the United Nations annual outlook report has provided consistent classification 
over the years, which has been used widely in the literature (Tawiah, 2023; Tawiah and 
Gyapong, 2021). Therefore, consistent with prior studies, we group countries into developed 
and developing countries based on the United Nations classifications (United Nations, 2014). 

Table 5 presents the results for developed countries. In Column 1, we establish the 
relationship between carbon emission and climate risk. The coefficient of climate risk is 
negative, though insignificant, suggesting that the level of carbon emission does not 
significantly relate to the level of climate risk. In other words, a country’s carbon emissions 
do not indicate the probability of a climate-related disaster occurring in developed countries. 
This confirms our baseline findings that high-emitting developed countries are not at high 
climate risk compared to their annual carbon emission. 

In Columns 2–5, we examine the effect of climate risk on economic development in 
developed countries. Unsurprisingly, we find that climate-related disaster occurrence does 
not significantly affect the key economic development indicators. The results suggest that 
climate-related disasters are less likely to limit development in these countries. We attribute 
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these results to the predictability and preparedness in developed countries towards disasters. 
Most developed countries have adequate systems and infrastructures to forecast and hence 
make necessary preparations before the occurrence of natural disasters. These strategies limit 
the negative impact of climate-related disasters. Furthermore, most developed countries have 
risk-mitigating mechanisms such as insurance and rapid government support to deal with 
climate-related disaster fallout. These mechanisms and systems increase the climate 
adaptability in developed countries compared with developing countries. 

4.4 Developing countries 
The results of developing countries are presented in Table 6. We conduct similar estimations 
as done in the baseline and developed countries. In Column 1, we observe that the coefficient 
of carbon emission is negative and significant, suggesting that climate risk is relatively high 
for low-carbon-emitting countries. That is, the probability and severity of climate-related 
disasters occurring increases with low carbon emitting developing countries. This is contrary 
to the results of developed countries, where we find an insignificant relationship between 
carbon emissions and climate risk. The results provide further empirical support for the 
climate injustice argument. 

The effect of climate-related disasters on economic development in developing countries 
is presented in Columns 2–5 of Table 6. Contrary to the findings of developed countries, we 
find a negative and significant impact of climate risk on economic development in 
developing countries. The negative and significant coefficient of climate risk in all four 
columns suggests that climate disasters are a significant setback for development in 
developing countries. In economic terms, an increase in climate risk leads to a 0.45% 
decrease in economic growth and a 3.7% decrease in industrialisation. Interestingly, 
developing countries contribute significantly less to climate change, yet it appears they bear 
the highest consequence of climate risk. For instance, in 2022, there were floods in the USA 
and Pakistan; however, the scenes from Pakistan highlighted the plight of developing 
countries in terms of climate-related disasters. 

Similarly, there were droughts in Australia and Sudan; the losses and the catastrophic 
impact of the drought in Sudan were beyond comparison to droughts in Australia. In recent 
years, we have seen a similar pattern between the USA and Malawi regarding cyclones. 
These examples have raised concerns about the unfairness of climate change and the call for 
climate justice. Among the variables contributing to climate injustice is the lack of adequate 
systems and infrastructure in developing countries to cope with climate-related disasters. 
Unlike developed countries, developing countries do not have an adequate system to forecast 
and prepare for disaster. Also, there is a limited risk-mitigating mechanism towards disasters. 
Most developing countries do not have insurance towards disasters. Government response to 
disasters is slow and inefficient because of inadequate resources. 

The results on developed and developing countries provide empirical support and lead to 
the acceptance of the hypothesis that climate change negatively affects developing (low 
emitters) than developed countries (high emitters). The results also collaborate with early 
commentary and reviews on climate injustice (The Stern Review). Our findings, therefore, 
contribute to the ongoing discussions about the ethical and moral dimensions of climate 
change and underscores the need for equitable and just solutions to address the challenges 
posed by global warming among developed and developing countries. 

4.5 Robustness check: endogeneity – system generalised method of moments 
Arguably, endogeneity is less likely to be an issue because reverse causality is less likely to 
exist. It is less plausible for economic indicators such as industrialisation, GDP per capita 

International 
Journal of Climate 
Change Strategies 
and Management  

61  

Downloaded from http://ftp.nowpublishers.com/ijccsm/article-pdf/17/1/48/10174667/ijccsm-01-2024-0008en.pdf by guest on 27 May 2026



Ta
bl

e 
6.

 D
ev

el
op

in
g 

co
un

tri
es

 

Va
ria

bl
es

 
(1

) 
C

lim
at

e 
ris

k 
(2

) 
In

du
st

ria
lis

at
io

n 
(3

) 
In

du
st

ry
 g

ro
w

th
 

(4
) 

Ec
on

om
ic

 d
ev

el
op

m
en

t 
(5

) 
Ec

on
om

ic
 g

ro
w

th
  

C
ar

bo
n 

em
is

si
on

 
�  

1.
98

3 
(� 

0.
67

3)
   

  
C

lim
at

e 
ris

k 
 

� 
0.

01
9*

* 
(� 

2.
06

2)
 

� 
0.

02
8*

 (�
 1

.9
59

) 
� 

0.
02

3*
* 

(� 
2.

38
1)

 
� 

0.
00

8*
* 

(� 
2.

33
1)

 
Ec

on
om

ic
 d

ev
el

op
m

en
t 

1.
82

2 
(0

.4
43

) 
5.

15
4*

**
 (3

.8
40

) 
� 

1.
07

4 
(� 

0.
91

0)
   

Ec
on

om
ic

 g
ro

w
th

 
� 

0.
26

4*
* 

(� 
1.

99
2)

 
0.

03
6 

(1
.4

71
) 

1.
67

7*
**

 (1
5.

55
7)

   
In

te
rn

at
io

na
l t

ra
de

  
0.

04
5*

**
 (2

.6
64

) 
0.

02
1 

(0
.5

82
) 

� 
0.

00
4*

**
 (�

 5
.5

32
) 

0.
02

5*
* 

(2
.2

54
) 

Fo
re

ig
n 

di
re

ct
 in

ve
st

m
en

t  
0.

00
3 

(0
.3

47
) 

� 
0.

01
0 

(� 
0.

64
0)

 
� 

0.
00

0*
 (�

 1
.7

29
) 

� 
0.

00
8 

(� 
1.

50
0)

 
Po

pu
la

tio
n 

� 
19

.1
14

 (�
 1

.2
07

) 
11

.3
85

**
 (2

.2
92

) 
1.

06
7 

(0
.3

27
) 

� 
0.

61
4*

**
 (�

 3
.1

94
) 

� 
4.

85
7 

(� 
1.

59
6)

 
U

rb
an

 p
op

ul
at

io
n 

� 
0.

11
5 

(� 
0.

16
8)

 
� 

0.
11

0 
(� 

0.
83

9)
 

� 
0.

19
0 

(� 
1.

17
0)

 
0.

00
6 

(0
.8

06
) 

0.
05

2 
(0

.6
86

) 
Po

pu
la

tio
n 

gr
ow

th
 

0.
17

9 
(0

.3
29

) 
0.

07
5 

(0
.7

91
) 

� 
0.

21
1 

(� 
0.

68
3)

 
0.

01
2 

(1
.5

65
) 

� 
0.

13
1 

(� 
0.

33
6)

 
N

at
ur

al
 re

so
ur

ce
s 

� 
0.

08
8 

(� 
0.

53
1)

 
0.

45
5*

**
 (5

.2
04

) 
� 

0.
07

2 
(� 

0.
95

9)
 

� 
0.

00
4 

(� 
1.

26
1)

 
0.

03
2 

(0
.6

44
) 

In
st

itu
tio

na
l q

ua
lit

y 
 

4.
05

2*
 (1

.7
69

) 
� 

2.
85

3*
 (�

 1
.8

21
) 

0.
30

4*
**

 (4
.5

98
) 

0.
78

6 
(0

.5
45

) 
In

du
st

ria
lis

at
io

n 
� 

0.
38

7*
* 

(� 
2.

02
6)

   
0.

01
6*

**
 (6

.1
13

) 
0.

18
0*

**
 (3

.0
55

) 
In

du
st

ry
 g

ro
w

th
 

0.
12

8*
* 

(2
.2

81
)  

   
C

on
st

an
t 

39
1.

21
7 

(1
.5

94
) 

� 
27

2.
14

6*
**

 (�
 3

.1
77

) 
10

.2
37

 (0
.1

91
) 

16
.9

38
**

* 
(5

.8
92

) 
74

.1
29

 (1
.5

89
) 

Ye
ar

 e
ff

ec
t 

Ye
s 

Ye
s 

Ye
s 

Ye
s 

Ye
s 

O
bs

er
va

tio
ns

 
1,

71
5 

1,
52

6 
1,

51
3 

1,
52

7 
1,

52
6 

R-
sq

ua
re

d 
0.

04
5 

0.
47

7 
0.

58
0 

0.
62

9 
0.

10
5 

N
um

be
r o

f c
ou

nt
rie

s 
12

9 
11

8 
11

7 
11

8 
11

8 
 

N
ot

es
: 

Th
is

 ta
bl

e 
pr

es
en

ts
 th

e 
ba

se
lin

e 
es

tim
at

io
ns

 o
f t

he
 re

la
tio

ns
hi

p 
be

tw
ee

n 
cl

im
at

e 
ris

k 
an

d 
ec

on
om

ic
 o

ut
co

m
es

 in
 d

ev
el

op
in

g 
co

un
tri

es
. R

ob
us

t t
-s

ta
tis

tic
s a

re
 

gi
ve

n 
in

 p
ar

en
th

es
es

: *
**

p 
<

0.
01

; *
*p

 <
0.

05
; *

p 
<

0.
1.

 V
ar

ia
bl

e 
de

fin
iti

on
s a

nd
 so

ur
ce

s a
re

 p
re

se
nt

ed
 in

 T
ab

le
 1

  

IJCCSM 
17,1    

62  

Downloaded from http://ftp.nowpublishers.com/ijccsm/article-pdf/17/1/48/10174667/ijccsm-01-2024-0008en.pdf by guest on 27 May 2026



and GDP growth to increase the likelihood and severity of climate-related disasters. Further, 
including the country and year effect in the preceding estimations mitigates the potential 
endogeneity arising from the correlation between the time-invariant country fixed effect and 
the time-varying explanatory variables. Notwithstanding the above argument and robust 
estimations, there is a possible endogeneity effect because of the contemporary effects of the 
previous year’s climate risk figures on the current year. The previous identification strategies 
are limited in addressing this potential issue (Arellano and Bond, 1991). Therefore, we use 
the two-step system generalised method of moments (S-GMM) to address this potential 
concern. The results are presented in Table 7. The results are qualitatively similar to the 
baseline results in Table 4, confirming that our negative relationship between carbon 
emission and climate risk and the economic effect is not sensitive to potential endogeneity. 

5. Conclusion and policy implications 
Climate change is often described as a global issue that affects everyone, regardless of their 
actions or circumstances. However, the impacts of climate change are not distributed equally 
across the globe or among different countries. Therefore, in this paper, we have examined the 
relationship between climate risk and carbon emission, as well as the economic 
consequences of climate risk. 

We use a large sample of 175 developed and developing countries over a period of 
13 years. Our results are as follows. First, we find that carbon emission is negatively and 
significantly associated with climate risk, suggesting that high-emitting countries are less 
exposed to frequent and severe climate-related disasters. Second, unsurprisingly, we find that 
climate risk is detrimental to industrialisation, economic development and economic growth. 
Third, in further analyses between developed and developing countries, we find that the 
results are more pronounced in developing countries than in developed countries. Climate 
risks do not exert any significant negative economic consequences in developed countries. 
Contrastingly, developing countries lose significantly because of the frequency and severity 
of climate-related disasters. Our results are robust to different econometric identification 
strategies and endogeneity checks using the system-generalised method of moments. 

The unequal distribution of the impacts of climate change is primarily due to historical 
and current patterns of greenhouse gas emissions, which have been driven by 
industrialisation and economic growth in developed countries. These countries have also 
historically enjoyed the benefits of burning fossil fuels while emitting greenhouse gases that 
cause climate change. Meanwhile, many developing countries, which have contributed 
relatively little to greenhouse gas emissions, are now suffering the consequences of climate 
change. While climate change is not inherently fair or unfair, its impacts are distributed in a 
way that highlights existing inequalities and injustices. 

Therefore, our results are consistent with the argument that climate change is unfair 
because those who are the most vulnerable and least responsible for it suffer the most. In 
contrast, those who are responsible have not always taken sufficient action to address the 
problem. Developing countries, for example, are often located in regions that are more 
susceptible to the effects of climate change, such as small island states, arid and semi-arid 
regions and coastal areas. They also have limited resources to adapt to the impacts of climate 
change or to mitigate their greenhouse gas emissions. On the other hand, developed countries 
have historically been responsible for the majority of greenhouse gas emissions and have had 
the financial and technological means to mitigate their emissions and adapt to the effects of 
climate change. 

Our findings have significant policy implications. First, in both developing and developed 
countries, addressing the impacts of climate change on development requires a combination 
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of strategies, including mitigation efforts to reduce emissions and adaptation measures to 
build resilience. International cooperation, technological innovation, financial support and 
policy frameworks play critical roles in helping countries navigate the challenges posed by 
climate change while promoting sustainable development. 

J

Second, addressing climate injustice requires recognising disparities between developed 
and developing countries and taking steps to ensure that climate policies and actions 
prioritise the needs and rights of developing communities. This includes involving 
developing countries in decision-making processes, supporting adaptive capacity-building, 
providing financial assistance and pursuing equitable and sustainable development pathways 
that account for historical and current inequalities. International cooperation and global 
agreements, such as the Paris Agreement, aim to promote climate justice by recognising the 
differentiated responsibilities and capabilities of countries in addressing climate change to 
help achieve the Sustainable Development Goals. 

Third, our results speak indirectly to why the world is not making a significant effort 
towards the deteriorating environment, probably because the causes of the problems are not 
the direct victims of its consequences. Even within the same countries, politicians and 
policymakers responsible for enacting regulations and tackling environmental problems are 
less affected by the wrath of climate change; hence, the journey towards environmental 
sustainability will continue to be a lip service with no significant action for better results. 

Our study also extends the climate injustice theory and existing literature by empirically 
showing how the impact of climate change differs between developed and developing 
countries. Until now, climate injustice has largely taken the form of commentary without 
sufficient empirical evidence to support the arguments. Therefore, our study extends this line 
of literature and introduces new areas for future studies. We provide cross-national and 
comparative studies on the variations in climate impacts and best practices for addressing 
climate injustice in diverse contexts. 

Based on our findings, we offer the following recommendations to developing countries. 
Developing countries should actively engage in international climate negotiations to ensure 
that the voices and concerns of developing nations are heard. They should advocate for fair 
and equitable climate policies that take into account historical emissions, differentiated 
responsibilities and the specific vulnerabilities of developing nations. Furthermore, 
developing countries should prioritise sustainable development by integrating climate 
considerations into national development plans and policies. They should focus on 
sustainable development practices that promote economic growth while minimising 
environmental degradation and greenhouse gas emissions. Also, they should develop and 
implement strategies to enhance resilience to the impacts of climate change such as investing 
in infrastructure that can withstand extreme weather events, implementing early warning 
systems and promoting sustainable agricultural practices. Developing countries should also 
advocate for and access international climate finance mechanisms to support adaptation and 
mitigation efforts. They can seek financial assistance to implement projects that enhance 
resilience and contribute to sustainable development. 

While the study establishes a relationship between climate risk and carbon emissions, the 
causal direction of this relationship may not be fully addressed. The study primarily focuses 
on the relationship between climate risk, carbon emissions and economic development. 
Other important factors, such as adaptation strategies, mitigation efforts and socio-political 
dynamics, may also play significant roles in shaping outcomes related to climate change and 
deserve further investigation. These are potential areas that future studies could explore. 

Future research can also examine how climate risk affects small and medium enterprises 
in comparison to large corporations. Additionally, other studies can investigate the impact of 
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climate risk on different sectors of the economy. Furthermore, research can be conducted to 
develop comprehensive and context-specific metrics for assessing climate injustice. These 
metrics should consider factors such as social vulnerability, adaptive capacity, historical 
emissions and access to resources. They can then be used to inform policy decisions and 
measure progress over time. Future studies can also investigate the role of local and 
indigenous knowledge in understanding and responding to climate injustice. By exploring 
how traditional ecological knowledge and community-based strategies contribute to 
resilience and adaptation efforts, we can gain valuable insights. 

Note  

1. Consistent with prior studies (Adhikari and Agrawal, 2016; Tawiah and Gyapong, 2021), we 
calculate economic significance as coefficient × standard deviation. 
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