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1|Introduction    

Energy has long been recognized as the lifeblood of human development and a fundamental driver of 

economic, social, and industrial progress. Nevertheless, the persistent dependence on fossil fuel resources 

such as oil, natural gas, and coal has generated unprecedented environmental consequences on a global scale. 
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Abstract 

Oil-producing countries play a critical role in global greenhouse gas emissions due to their structural dependence on 

fossil fuels. This study examines the dynamic effects of economic growth, industrialization, Foreign Direct 

Investment (FDI), renewable energy consumption, and the Human Development Index (HDI) on Climate Change 

(CE) in selected oil-producing economies over the period 2005–2025. Using a Panel Vector Autoregression (Panel 

VAR) framework, alongside Impulse Response Functions (IRF) and Forecast Error Variance Decomposition 

(FEVD), the study explores both short-run and long-run dynamic interactions among the variables. The findings 

reveal that industrialization is the most persistent and influential driver of CE, accounting for more than 6% of 

environmental fluctuations in the long run. In contrast, renewable energy consumption and human development 

exhibit weak and statistically insignificant mitigating effects within the dynamic framework. Moreover, the impacts 

of FDI and economic growth on climate change remain relatively limited over extended forecasting horizons. The 

results suggest that the carbon-intensive industrial structure of oil-dependent economies continues to dominate 

environmental outcomes, while the current scale of renewable energy adoption remains insufficient to offset 

environmental degradation. The study highlights the necessity of green industrial transformation, renewable energy 

expansion, and sustainability-oriented development policies to achieve long-term environmental sustainability.  

Keywords: Climate change, Oil-producing countries, Industrialization, Renewable energy consumption, Human 
development index, Panel vector autoregression. 
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The combustion of fossil fuels constitutes the primary source of greenhouse gas emissions, particularly carbon 

dioxide (CO2), which has substantially intensified global warming and climate change [1], [2]. These 

environmental challenges threaten natural ecosystems, food security, public health, and long-term global 

economic sustainability, thereby emphasizing the urgent need to transform existing patterns of energy 

production and consumption. 

Over recent decades, climate change has emerged as one of the most critical global concerns, attracting 

increasing attention from scholars in the fields of energy economics, environmental studies, and social 

sciences [3]. Consequently, a growing body of literature has focused on examining the complex interactions 

among economic globalization, economic growth, human development, and environmental sustainability [4]. 

Within this framework, the concept of human development has gained substantial importance, as it extends 

beyond conventional measures of economic growth to incorporate broader dimensions such as education, 

health, and standards of living. Improving human well-being and achieving sustainable development are 

inherently linked to environmental protection and ecological preservation. 

Economic activities, particularly those heavily reliant on fossil fuel consumption, continue to represent the 

principal source of environmental degradation and greenhouse gas emissions [5]. In response to these growing 

threats, the transition toward renewable energy sources, including solar, wind, and biomass energy, has 

become a central strategy for mitigating climate change and achieving carbon neutrality. This transition not 

only reduces dependence on fossil fuels and enhances energy security but also stimulates green innovation 

and sustainable economic growth [6]. However, the impacts of macroeconomic indicators such as economic 

growth, Foreign Direct Investment (FDI), and industrialization on environmental degradation remain highly 

debated in the literature [7], [8]. The Environmental Kuznets Curve (EKC) hypothesis, alongside the 

competing “Pollution Haven” and “Pollution Halo” hypotheses regarding FDI, highlights the complexity of 

these relationships and their dependence on institutional quality, economic structure, and development levels 

across countries [9]. 

Despite the extensive literature in energy economics and environmental sustainability, no clear consensus has 

yet been reached concerning the causal relationships among macroeconomic indicators, renewable energy 

consumption, human development, and climate change. While numerous studies report that renewable energy 

consumption significantly contributes to reducing carbon emissions and improving environmental quality 

(Idroes et al. [10] ; Fakher et al. [11]), others argue that these effects vary across regions and income groups 

or may even be statistically insignificant under certain conditions. These inconsistencies underscore the 

necessity for further empirical investigations, particularly within country-specific and region-specific contexts. 

In this regard, oil-producing countries represent a particularly important case. Due to their structural 

dependence on oil revenues and fossil fuel-based economic systems, these countries face unique challenges 

and opportunities in the transition toward cleaner energy systems and environmental sustainability. On the 

one hand, the dominance of carbon-intensive industries and energy sectors exacerbates environmental 

degradation; on the other hand, substantial financial resources generated from oil revenues provide significant 

potential for investment in renewable energy infrastructure and green technologies. 

Accordingly, the present study aims to investigate the effects of key economic indicators, namely 

industrialization, economic growth, FDI, and TRO, alongside renewable energy consumption and the Human 

Development Index (HDI), on climate change, proxied by carbon emissions, in selected oil-producing 

countries. By employing a Panel Vector Autoregression (Panel VAR) framework, this study seeks to provide 

a comprehensive dynamic analysis of the interactions among these variables and to answer the following 

fundamental question: How do macroeconomic indicators, renewable energy consumption, and human 

development influence climate change in oil-producing countries? The findings of this study are expected to 

contribute to the existing literature by offering new empirical evidence regarding the environmental dynamics 

of oil-dependent economies and by providing policy implications for achieving sustainable development and 

green transition strategies in such countries.  The remainder of the paper is structured as follows. Section 2 

presents the literature review. Section 3 outlines the research methodology and data description. Section 4 
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reports and discusses the empirical findings, while Section 5 concludes the study and provides policy 

implications. 

2|Literature Review and Theoretical Background 

The intricate and multidimensional relationship among economic development, energy consumption, and 

environmental degradation, particularly in the context of climate change, has become one of the central 

themes in environmental economics. This relationship assumes even greater importance in oil-producing 

countries, whose economic structures are fundamentally dependent on fossil fuel revenues. Understanding 

the theoretical foundations governing these interactions is therefore essential for designing effective policies 

aimed at achieving low-carbon and sustainable economic transitions. 

2.1|Economic Indicators and Climate Change 

The most widely recognized theoretical framework explaining the relationship between economic growth and 

environmental degradation is the EKC hypothesis. According to this hypothesis, environmental degradation 

initially increases during the early stages of economic development due to intensified industrialization, 

urbanization, and resource exploitation. However, after reaching a certain income threshold, further 

economic growth contributes to environmental improvement through technological advancement, stricter 

environmental regulations, and structural transformation toward service-oriented economies, thereby 

producing an inverted U-shaped relationship between income and environmental degradation [4]. 

Nevertheless, the validity of the EKC hypothesis remains controversial, particularly in resource-dependent 

economies such as oil-producing countries, where fossil fuel dependence may hinder environmental 

improvements despite economic expansion. 

In addition to economic growth, FDI constitutes another critical determinant of environmental quality. The 

environmental implications of FDI are generally explained through two competing hypotheses. The first is 

the Pollution Haven Hypothesis, which argues that multinational corporations relocate pollution-intensive 

industries from developed countries with strict environmental regulations to developing countries 

characterized by weaker regulatory frameworks, thereby increasing environmental degradation in host 

economies. In contrast, the Pollution Halo Hypothesis suggests that FDI facilitates the transfer of cleaner 

technologies, advanced managerial practices, and environmentally efficient production methods, ultimately 

improving environmental quality in recipient countries. The overall impact of FDI, therefore, depends largely 

on factors such as institutional quality, technological capacity, and environmental governance within the host 

economy [9]. Industrialization also represents a major driver of climate change, particularly during the early 

stages of development. Rapid industrial expansion typically increases energy demand and fossil fuel 

consumption, leading to higher greenhouse gas emissions and environmental deterioration. This issue is 

especially relevant in oil-producing countries, where industrial sectors are often highly energy-intensive and 

carbon-dependent. 

2.2|Renewable Energy Consumption and Climate Change 

The transition from fossil fuels toward renewable energy sources is widely regarded as one of the most 

effective strategies for combating climate change. Renewable energy technologies, including solar, wind, 

hydroelectric, and biomass energy, produce substantially lower carbon emissions compared to conventional 

fossil fuel-based energy systems. Consequently, increasing the share of renewable energy within national 

energy portfolios can significantly reduce CO2 emissions and enhance environmental sustainability. Previous 

studies consistently emphasize the complementary role of renewable energy consumption and green 

technological innovation in mitigating environmental degradation and achieving carbon neutrality goals [1],  

[2]. However, for oil-producing countries, the transition toward renewable energy presents a dual challenge. 

On the one hand, it requires substantial investments in new infrastructure and technological capabilities; on 

the other hand, it directly challenges the traditional economic model based on fossil fuel extraction and export 

revenues. 
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2.3|Human Development and Climate Change 

The HDI, which encompasses education, health, and living standards, provides a broader perspective on 

development beyond conventional income-based indicators such as GDP. The relationship between human 

development and climate change is theoretically ambiguous. Higher levels of human development may 

increase environmental awareness, strengthen public demand for environmental quality, and enhance 

societies’ capacity to invest in cleaner technologies and sustainable production systems. Educated and 

healthier populations are generally more likely to support environmentally responsible policies and sustainable 

lifestyles. Conversely, improvements in human development are often accompanied by higher levels of 

consumption, urbanization, and energy demand, all of which may contribute to increased greenhouse gas 

emissions. Therefore, the net effect of HDI on climate change largely depends on country-specific 

socioeconomic structures, consumption patterns, institutional quality, and environmental policies. 

2.4|Empirical Literature Review 

Obobisa [12], in a study examining the role of eco-innovation, clean energy, and trade openness in carbon 

neutrality and sustainable development for OECD countries. Their findings demonstrated that eco-

innovation, clean energy utilization, and human capital have a negative impact on CO2 emissions. Trade 

openness and economic growth have a positive impact on CO2 emissions except that trade impact is 

insignificant. Khan and Ozturk [2] investigated the relationship between financial development and carbon 

emissions in 88 developing countries over the period 2000–2014 using system Generalized Method of 

Moments. The results revealed an inverted U-shaped relationship. Additionally, The results support the 

pollution inhibiting role of financial development. The environmental consequences of financial development 

have been widely explored in the existing literature, with evidence provided by Fakher [13], Fakher [14], and 

Fakher et al. [15]. This strand of evidence is further reinforced by the findings of Tithi [16] and Zani et al. 

[17]. Their results found that they improved environmental quality. Li et al. [18] analyzed the the impact of 

geopolitical risks (GPR) on the global transition to renewable energy (RE) and its implications for energy 

security (ES), with a focus on the differential effects across advanced, developing, and least-developed 

economies. The results show that geopolitical risks accelerate RE adoption in advanced economies, while 

hindering progress in developing economies due to institutional and financial constraints. In least-developed 

economies, energy dependence exacerbates the negative impacts of geopolitical risks. Adebayo et al. [4], 

employing a nonlinear panel ARDL (NARDL) model for BRICS countries, examined the asymmetric effects 

of renewable energy consumption and technological innovation on carbon emissions. Their findings indicated 

that renewable energy consumption significantly reduces CO2 emissions, while technological innovation 

improves environmental quality in the long run. The study also confirmed the validity of the EKC hypothesis 

for BRICS economies. Huo et al. [1] explored the role of green innovation, renewable energy consumption, 

and globalization in mitigating carbon emissions across G7 countries using panel quantile regression 

techniques. Their results showed that green innovation constitutes the most influential factor in reducing 

emissions, particularly in highly polluted economies, while globalization contributes positively through the 

diffusion of cleaner technologies. Pata et al. [9] examined the dynamic relationship among FDI, renewable 

energy consumption, economic growth, and CO2 emissions in the Association of Southeast Asian Nations 

countries. Their findings revealed that foreign direct investment increase CO2 emissions. Real income and 

trade openness reduce environmental degradation. Since the long-run income elasticity is lower than the 

short-run, the EKC hypothesis is valid. Additionally, they found that renewable energy reduces carbon 

emissions only in the short term and has no effect on environmental quality in the long term.  

Several domestic studies have also investigated environmental sustainability and renewable energy dynamics. 

Izadi and Gomshadzehi [19], using the Panel ARDL approach for Shanghai Cooperation Organization 

member states, concluded that income inequality significantly increases carbon emissions, whereas renewable 

energy consumption and education contribute to environmental improvement. Sotoudeh Nia Korrani et al. 

[20], employing the Structural VAR (SVAR) model for Iran, reported that renewable energy consumption 

and technological innovation negatively affect climate change, while industrialization and urbanization 
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intensify environmental degradation. Despite the growing body of literature, several research gaps remain 

evident. First, most previous studies have primarily focused on developed or upper-middle-income 

economies, while limited attention has been devoted to oil-producing countries characterized by fossil fuel 

dependency and unique institutional structures. Second, relatively few studies have simultaneously 

incorporated macroeconomic indicators, renewable energy consumption, and the HDI within a unified 

dynamic framework. Third, empirical evidence concerning oil-producing economies remains fragmented and 

inconclusive, particularly regarding the dynamic interactions among industrialization, renewable energy 

transition, and climate change. Accordingly, the present study seeks to address these gaps by providing a 

comprehensive dynamic analysis of the impacts of economic indicators, renewable energy consumption, and 

human development on climate change in selected oil-producing countries using the Panel VAR framework.   

3|Methodology 

The present study is applied in terms of an objective and quantitative nature based on panel data analysis. The 

statistical population consists of oil-producing countries located in the Middle East and North Africa 

(MENA) region. Using a systematic elimination approach based on data availability, the final sample includes 

13 countries: the United Arab Emirates, Bahrain, Algeria, Iraq, Iran, Jordan, Kuwait, Morocco, Egypt, Oman, 

Saudi Arabia, Syria, and Tunisia. The study covers the period from 2005 to 2025. The required data were 

collected through documentary and library-based methods from internationally recognized databases. 

Specifically, data for climate change indicators, renewable energy consumption, industrialization, FDI, TRO, 

and Gross Domestic Product (GDP) were obtained from the World Bank database, while HDI data were 

extracted from the United Nations Development Programme (UNDP). All variables were compiled in the 

form of a balanced panel dataset for the selected countries over the study period. 

In our model, climate change (CE) is considered the dependent variable in this study, while renewable energy 

consumption (RE), HDI, industrialization (IND), foreign direct investment (FDI), TRO, and real GDP are 

incorporated as explanatory variables. For a better explanation, Eq (1) provides the study's research model, 

covering the association between these variables. 

To investigate the long-run relationship among the variables, the Kao [21] panel cointegration test was 

employed. Subsequently, a Panel VAR model with one lag was estimated using the Generalized Method of 

Moments (GMM) approach. The Panel VAR framework was selected because of its ability to capture the 

dynamic interrelationships among variables while treating all variables as potentially endogenous within the 

system. 

Furthermore, several post-estimation analyses were conducted to examine the dynamic behavior of the model. 

These include Impulse Response Functions (IRF), based on Cholesky decomposition with 95% confidence 

intervals, and Forecast Error Variance Decomposition (FEVD) over forecasting horizons from one to ten 

periods. The IRF analysis allows for evaluating the response of climate change to shocks originating from the 

explanatory variables over time, whereas the FEVD analysis identifies the relative contribution of each 

variable in explaining fluctuations in climate change across different time horizons. 

To assess the statistical adequacy and robustness of the estimated model, diagnostic indicators including the 

coefficient of determination (R²), adjusted coefficient of determination (Adjusted R²), F-statistic, and Durbin–

Watson statistic were also examined. These measures provide evidence regarding the explanatory power, 

goodness-of-fit, and absence of serial correlation in the residuals of the estimated model. 

CEit = αi +∑ β1jCEi,t−j
p

j=1
+∑ β2jREi,t−j

p

j=1
+∑ β3jHDIi,t−j

p

j=1
+∑ β4jINDi,t−j

p

j=1

+∑ β5jFDIi,t−j
p

j=1
+∑ β6jTROi,t−j

p

j=1
+∑ β7jGDPi,t−j

p

j=1
+ εit. 

(1) 

https://www.sciencedirect.com/science/article/pii/S0960148122018857#fd1
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4|Results and Discussion 

4.1|Descriptive Statistics 

Table 1 presents the descriptive statistics of the variables employed in the study for the selected oil-producing 

countries. The mean and median values of most variables, including TRO, FDI, human development (HDI), 

renewable energy consumption (RE), climate change indicator (CE), and GDP, are relatively close to each 

other, indicating a fairly symmetric distribution of the data and the absence of severe outlier bias. 

Among the variables, industrialization (IND) exhibits the highest standard deviation (1.30), reflecting 

substantial heterogeneity among the selected oil-producing countries in terms of industrial development. In 

contrast, renewable energy consumption (RE) and GDP demonstrate relatively lower standard deviations, 

suggesting comparatively stable distributions across the sample countries. Moreover, the range between the 

maximum and minimum values is particularly large for FDI and industrialization, indicating considerable 

structural differences among the selected economies regarding foreign investment attraction and industrial 

capacity. 

Table 1. Descriptive statistics of the variables. 

 

 

 

 

 

 

4.2|Panel Unit Root Test 

To determine the stationarity properties of the variables and select the appropriate estimation approach, the 

Fisher-type panel unit root test based on the Augmented Dickey–Fuller (ADF) procedure was employed. The 

null hypothesis of the test assumes the presence of a unit root (non-stationarity). The results reported in Table 

2 indicate that the variables FDI, GDP, and IND are stationary at levels, as their probability values are below 

the 5% significance level. In contrast, CE, RE, HDI, and TRO are found to be non-stationary at the level 

form. Consequently, the model contains a mixture of I(0) and I(1) variables. This outcome justifies the 

application of econometric techniques capable of accommodating variables integrated at different orders 

within a unified framework. 

Table 2. Results of the Panel Unit Root Test 

 

 

 

 

 

 

4.3|Kao Panel Cointegration Test 

To examine the existence of a long-run equilibrium relationship among the variables, the Kao [21] panel 

cointegration test was applied. The null hypothesis assumes the absence of cointegration among the variables. 

As presented in Table 3, the estimated t-statistic equals -3.82 with a probability value of 0.0001, which is 

Variable Symbol Mean Median Maximum Minimum Std. Dev. 

Climate change CE 2.15 2.23 3.01 0.28 0.46 
Renewable energy RE 3.47 3.46 4.04 2.78 0.27 
Human development HDI 3.21 3.23 4.14 2.45 0.41 
Industrialization IND 4.91 4.53 8.66 3.46 1.30 
Foreign direct investment FDI 19.58 14.29 23.77 13.80 1.53 
Trade openness TRO 10.35 10.40 11.30 9.24 0.45 
Real GDP GDP 3.91 3.67 5.56 3.28 0.45 
Source: Authors’ calculations. 

Variable Fisher Statistic Probability Result 

CE 46.23 0.60 Non-stationary 
RE 34.80 0.11 Non-stationary 
HDI 25.47 0.49 Non-stationary 
IND 20.72 0.75 Stationary 
FDI 61.90 0.000 Stationary 
TRO 19.20 0.74 Non-stationary 
GDP 66.00 0.000 Stationary 
Source: Authors’ calculations. 
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statistically significant at the 5% level. Therefore, the null hypothesis is rejected, confirming the existence of 

a long-run equilibrium relationship among climate change, renewable energy consumption, human 

development, industrialization, FDI, TRO, and economic growth in the selected oil-producing countries. This 

finding supports the suitability of estimating the Panel VAR model. 

Table 3. Kao panel cointegration test results. 

t-statistic Prob Result 

-3.82 0.0001 Cointegration Exists 
Source: Authors’ calculations 

 

4.4|Estimation Results of the Panel VAR Model 

The estimation results of the Panel VAR model with one lag are presented in Table 4. Overall, the model 

demonstrates satisfactory explanatory power, as indicated by the adjusted coefficient of determination 

(Adjusted R² = 0.68), implying that approximately 68% of the variations in climate change are explained by 

the included explanatory variables. Furthermore, the Durbin–Watson statistic (2.19) confirms the absence of 

serial correlation in the residuals, indicating an appropriate model specification. The lagged value of climate 

change [CE(-1)] exhibits a positive and statistically significant coefficient (0.19), highlighting the persistent 

and cumulative nature of environmental degradation. This finding suggests that nearly 19% of the previous 

period’s climate change effects are transmitted into the current period, emphasizing the long-term persistence 

of environmental shocks. Renewable energy consumption [RE(-1)] has a negative and statistically significant 

coefficient (-0.22), indicating that increased utilization of renewable energy sources contributes to mitigating 

climate change. Specifically, a one-unit increase in renewable energy consumption reduces climate change 

intensity by approximately 0.22 units. This finding underscores the importance of transitioning from fossil 

fuel dependency toward cleaner energy sources in oil-producing countries. Similarly, the Human 

Development Index [HDI(-1)] exerts a negative and significant effect on climate change (-0.11), implying that 

improvements in education, health, and living standards may enhance environmental awareness and facilitate 

the adoption of cleaner technologies and environmentally responsible behaviors. In contrast, industrialization 

[IND(-1)] displays a positive but statistically insignificant coefficient, suggesting that its direct short-run effect 

may be partially absorbed through other channels such as economic growth and structural transformations 

within the selected economies. Foreign direct investment [FDI(-1)] shows a negative and statistically 

significant impact on climate change (-0.21), supporting the Pollution Halo Hypothesis. This result suggests 

that foreign investments may facilitate the transfer of environmentally friendly technologies and advanced 

managerial practices, thereby contributing to environmental improvement in host countries. Trade openness 

[TRO(-1)] records the strongest mitigating effect on climate change, with a significant coefficient of -1.24. 

This finding indicates that integration into global markets, access to cleaner technologies, and increased 

competitiveness in environmentally sustainable production may substantially improve environmental quality. 

Conversely, real GDP [GDP(-1)] exhibits a positive coefficient (0.26), supporting the scale effect hypothesis, 

whereby economic expansion in oil-producing countries continues to be associated with increased 

environmental degradation and carbon emissions. Fig. 1 presents a graphical summary of the main empirical 

findings of the study. 
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Table 4. Panel VAR estimation results. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Graphical summary of the main empirical findings. 

 

4.5|Impulse Response Function (IRF) Analysis 

The presented figures illustrate the results of the Impulse Response Function (IRF) analysis based on 

Cholesky decomposition. These graphs depict the response of climate change (CE) to a one-standard-

deviation shock in each variable of the model over a ten-period forecasting horizon. The solid blue line 

represents the point estimate of the response, while the red dashed lines indicate the 95% confidence intervals. 

If the confidence interval includes the zero line, the response is considered statistically insignificant. A positive 

shock to climate change exerts a positive and statistically significant effect on itself. The impact reaches its 

peak during the second period and then gradually declines over time; however, it remains positive and 

statistically significant until the end of the forecasting horizon (the tenth period). This finding reflects the 

strong persistence and long-lasting nature of climate-related shocks. 

 

Variable Coefficient t-statistic Probability 

CE(-1) 0.19 4.93 0.0000 
RE(-1) -0.22 -2.99 0.0023 
HDI(-1) -0.11 -4.72 0.0000 
IND(-1) 0.21 0.80 0.4110 
FDI(-1) -0.21 -3.80 0.0002 
TRO(-1) -1.24 -4.36 0.0000 
GDP(-1) 0.26 2.07 0.0430 
Diagnostic Tests 
R-squared 0.70 F 29.61 
Adjusted R-squared 0.68 Durbin-Watson 2.19 
Source: Authors’ calculations. 
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A shock originating from renewable energy consumption does not generate any statistically significant 

response in climate change. The response function remains very close to zero throughout the entire 

forecasting horizon, and the confidence intervals continuously intersect the horizontal axis, indicating 

statistical insignificance. Similarly, a shock to the HDI does not produce a statistically significant impact on 

climate change. The confidence intervals include the zero line across all periods, implying the absence of a 

meaningful dynamic response. A positive shock to industrialization leads to a positive and statistically 

significant response in climate change. This effect becomes statistically significant from the second period 

onward and remains persistent in the long run. The finding suggests that the expansion of industrial activities 

contributes substantially to the intensification of climate change in oil-producing countries. The impulse 

generated by FDI does not produce a statistically significant effect on climate change during the examined 

period. The confidence intervals consistently encompass the zero line, indicating weak dynamic transmission 

effects. Likewise, a shock to real GDP fails to create a statistically significant response in climate change, as 

the confidence intervals include the zero line throughout the forecasting horizon. 

Overall, the impulse response analysis demonstrates that among the examined variables, only industrialization 

(IND) exerts a positive and statistically significant impact on the intensification of climate change (CE). 

Moreover, shocks to climate change itself exhibit considerable persistence over time. In contrast, renewable 

energy consumption, human development, FDI, and economic growth do not display statistically significant 

dynamic effects on climate change within the estimated Panel VAR framework. 

A comparison between the regression coefficient estimates reported in Table 4 and the impulse response 

results illustrated in Fig. 2 reveals several important insights. While the regression coefficients capture the 

short-run and direct effects of explanatory variables on climate change within a one-period lag structure, the 

IRF reflects the dynamic propagation of shocks throughout the entire system over time. The statistical 

insignificance of some variables in the IRF analysis, despite their significance in the regression estimates, may 

be attributed to two main factors. First, the complex feedback mechanisms and interdependencies embedded 

within the Panel VAR system may cause the initial effects of shocks to dissipate over time through systemic 

interactions and stochastic disturbances. Second, the relatively conservative nature of the Monte Carlo 

confidence intervals used in IRF simulations makes them more sensitive to minor fluctuations compared to 

standard regression coefficients. Nevertheless, the statistical significance of industrialization in the IRF 

analysis confirms that this variable possesses a deeper structural and more persistent influence on climate 

change relative to the other explanatory variables included in the model. The summary of the empirical 

findings is illustrated in Fig. 2. 

 

 

 

 



 From industrial expansion to green transition…  76

-.05

.00

.05

.10

.15

.20

1 2 3 4 5 6 7 8 9 10

Response of CE to CE

-.05

.00

.05

.10

.15

.20

1 2 3 4 5 6 7 8 9 10

Response of CE to RE

-.05

.00

.05

.10

.15

.20

1 2 3 4 5 6 7 8 9 10

Response of CE to HDI

-.05

.00

.05

.10

.15

.20

1 2 3 4 5 6 7 8 9 10

Response of CE to IND

-.05

.00

.05

.10

.15

.20

1 2 3 4 5 6 7 8 9 10

Response of CE to FDI

-.05

.00

.05

.10

.15

.20

1 2 3 4 5 6 7 8 9 10

Response of CE to GDP

Response to Cholesky One S.D. (d.f. adjusted) Innovations ± 2 S.E.

 

 

Fig. 2. Dynamic response of climate change to shocks in the explanatory variables. 

 

4.6|Forecast Error Variance Decomposition (FEVD) 

Variance decomposition analysis illustrates the extent to which structural shocks to each variable in the model 

contribute to forecasting errors in climate change (CE) across different time horizons. The results presented 

in Table 5 can be interpreted as follows: In the first period, all fluctuations in climate change (CE) are entirely 

explained by shocks to the variable itself (100%), while the contributions of all other variables remain zero. 

This outcome is expected and reflects the lag structure inherent in the VAR framework. As the forecasting 

horizon increases from period 2 to period 10, the explanatory power of climate change’s own shocks gradually 

declines from 100% to approximately 91.85% in the tenth period. Simultaneously, the contributions of the 

other explanatory variables progressively increase over time. 
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Among the explanatory variables, industrialization (IND) exhibits the largest non-own explanatory 

contribution. Its share rises steadily and reaches approximately 6.30% of the forecast error variance of climate 

change by the tenth period. This finding suggests that industrialization becomes the most influential external 

determinant of climate change in oil-producing countries over the long run. The remaining variables 

contribute relatively modest shares to the forecast error variance of climate change. Specifically, by the tenth 

period, human development (HDI) explains approximately 0.58%, renewable energy consumption (RE) 

accounts for about 0.06%, FDI contributes nearly 0.65%, and GDP explains around 0.56% of the forecast 

error variance in CE. An important observation is that the explanatory contributions of FDI and GDP exhibit 

a gradual upward trend at higher forecasting horizons, indicating that the effects of these variables on climate 

change materialize progressively over time. 

Overall, the findings indicate that climate change dynamics in oil-producing countries are predominantly 

driven by the internal dynamics of the climate change variable itself. Nevertheless, industrialization (IND) 

emerges as the most important external shock influencing climate change in the long run. In contrast, the 

relatively weak explanatory power of renewable energy consumption and human development may reflect the 

limited penetration of clean energy technologies and the insufficient integration of sustainability 

considerations within the development structures of oil-dependent economies. 

Table 5. FEVD of Climate change (CE). 

 

 

 

 

 

 

 

 

5|Conclusion and Policy Implications 

The present study investigated the impacts of key economic indicators, including economic growth, 

industrialization, TRO, and FDI, alongside renewable energy consumption and human development, on 

climate change in selected oil-producing countries over the period 2005–2025. By employing the Panel VAR 

framework, the study provided a dynamic analysis of the interactions among the variables. The major findings 

can be summarized as follows. 

First, the results demonstrate that industrialization constitutes the most influential and persistent driver of 

climate change in oil-producing countries. Both the impulse response analysis and the FEVD confirm that 

industrialization exerts a positive and long-lasting impact on environmental degradation. In particular, the 

FEVD results indicate that industrialization explains approximately 6.30% of climate change fluctuations in 

the long run, which exceeds the explanatory power of all other external variables included in the model. This 

finding highlights the dominant role of carbon-intensive industrial structures in intensifying environmental 

pressures within oil-dependent economies. Second, contrary to theoretical expectations, renewable energy 

consumption and human development exhibit relatively weak and statistically insignificant long-run dynamic 

effects on climate change. Although renewable energy consumption and HDI display negative coefficients in 

the regression analysis, their explanatory contributions in the dynamic framework remain minimal. This 

outcome may reflect the still-limited share of renewable energy within the energy portfolios of oil-producing 

countries, as well as the insufficient integration of environmental awareness and sustainability considerations 

into human development processes. Third, while FDI and economic growth display certain effects on 

Period S.E. CE RE HDI IND FDI GDP 

1 0.153018 100.0000 0.000000 0.000000 0.000000 0.000000 0.000000 
2 0.237792 98.08968 0.000333 0.185644 1.517583 0.069115 0.137648 
3 0.302200 96.37944 0.007062 0.360627 3.039666 0.061011 0.152191 
4 0.352951 95.12527 0.021999 0.467944 4.143739 0.047721 0.193331 
5 0.393994 94.24020 0.033961 0.531221 4.886344 0.078774 0.229496 
6 0.427973 93.57203 0.042159 0.565225 5.385283 0.157550 0.277755 
7 0.456693 93.04198 0.047744 0.581328 5.727270 0.268178 0.333505 
8 0.481408 92.59648 0.052345 0.585898 5.970780 0.394344 0.400156 
9 0.502987 92.20697 0.056946 0.583213 6.152505 0.523553 0.476810 
10 0.522050 91.85387 0.062218 0.575912 6.295407 0.648494 0.564104 
Source: Authors’ calculations. 
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environmental quality in the short-run estimation results, their long-run explanatory contributions remain 

relatively limited. The FEVD findings reveal that both FDI and GDP account for less than 1% of climate 

change fluctuations over longer forecasting horizons. These findings suggest that environmental degradation 

in oil-producing economies is driven more strongly by domestic industrial structures than by external capital 

inflows or aggregate economic expansion alone. 

Overall, the findings indicate that climate change dynamics in oil-producing countries are primarily shaped 

by the internal persistence of environmental shocks and the structural dominance of industrialization. 

Meanwhile, renewable energy transition and human development policies have not yet achieved sufficient 

effectiveness to offset the environmental consequences of fossil fuel dependency. Based on these findings, 

several policy implications can be proposed. Given the substantial contribution of industrialization to climate 

change, policymakers in oil-producing countries should prioritize the transition toward green industrialization 

strategies. Such a transition requires replacing outdated and carbon-intensive technologies with cleaner and 

energy-efficient production systems. Since renewable energy currently plays only a marginal role in mitigating 

climate change, governments should provide stronger fiscal incentives, subsidies, and financial support for 

renewable energy projects, particularly in the solar and wind sectors, to increase the share of clean energy 

within national energy portfolios.  Policymakers should incorporate environmental education and 

sustainability awareness into human development programs to ensure that improvements in education and 

living standards contribute to environmentally responsible behaviors rather than unsustainable consumption 

patterns. Governments should adopt stricter environmental regulations regarding foreign investment 

projects, ensuring that incoming FDI contributes to the transfer of green technologies and sustainable 

production methods rather than reinforcing pollution-intensive industrial activities. In conclusion, achieving 

environmental sustainability in oil-producing countries requires a comprehensive transformation of industrial 

structures, energy systems, and development policies. Without substantial progress toward renewable energy 

transition and green economic restructuring, the environmental challenges associated with fossil fuel 

dependency are likely to persist in the long run. 
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