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The connection between natural resource use, renewable energy adoption, and achieving carbon neutrality has sparked extensive debate in recent years. In response, many countries are implementing policies aimed at transitioning to low-carbon, sustainable economies. The Shanghai Cooperation Organization (SCO), representing 42% of the global population and 25% of its landmass, wields considerable geopolitical influence. However, limited empirical studies have explored the interplay between natural resource rents, renewable energy use, and territorial CO2 emissions (TCO2) within its member states. This study employs the Method of Moments Quantile Regression (MMQR) to analyze disaggregated resource rents and renewable energy adoption effects on TCO2 across SCO nations from 2000 to 2021, addressing a critical research gap with policy-relevant insights. The results align with prior research, indicating that countries rich in natural resources generally exhibit higher CO2 emissions, primarily driven by their dependence on fossil fuels. The statistically insignificant coefficients for renewable energy across all quantiles indicate its limited and inconsistent influence on TCO2 emissions. This underscores the challenge posed by sluggish renewable adoption, particularly in oil-dependent economies, in mitigating carbon output. The continued prevalence of non-renewable energy sources remains a substantial obstacle. To overcome this challenge, it is essential for policies to focus on expediting the transition to renewable energy by investing in infrastructure, technology, and innovation. This research adds to the broader conversation on achieving a balance between energy-resource consumption and environmental sustainability.
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1 INTRODUCTION
Climate change has become a pressing worldwide concern, drawing significant attention worldwide. The rise in greenhouse gas emissions, primarily driven by industrial growth and economic development, is intensifying this crisis. Despite the growing awareness, many nations continue to prioritize economic gains over environmental sustainability. Consequently, reducing CO2 emissions has become a societal imperative, requiring collaborative efforts across various sectors. The increasing emissions not only threaten human health but also jeopardize the stability of ecosystems. International accords like the Kyoto Protocol aim to mitigate worldwide CO2 emissions, predominantly stemming from anthropogenic sources notably fossil fuel combustion and large-scale deforestation. In 2019, atmospheric CO2 emissions reached 37.1 gigatons (Friedlingstein et al., 2022), intensifying the greenhouse effect and hastening global warming, which underscores the critical need for immediate, large-scale climate mitigation efforts.
Resource-rich nations hold vital responsibility in confronting pressing environmental challenges during this critical juncture. The extraction of natural resources often involves fossil fuel-dependent machinery, leading to higher carbon emissions. Some research suggests natural resource rents may benefit environmental protection, though perspectives vary (Hussain et al., 2023; Voumik et al., 2023), others view them as a “curse” due to their negative environmental impacts (Alhassan and Kwakwa, 2023). Despite high carbon emissions, many resource-rich nations are aware of the need to transition toward sustainable practices. The extraction and utilization of oil and natural gas, though economically essential, significantly endanger the environment. Combusting fossil fuels especially coal, oil, and gas are a primary contributor to greenhouse gas emissions, exacerbating global warming and climate instability. While renewable energy adoption grows, petroleum and natural gas continue to dominate global energy systems, particularly for industrial and transport needs (Tawiah et al., 2021). Crude oil extraction and trade significantly exacerbate carbon outputs, as heightened energy demands perpetuate emission-intensive consumption patterns (Huang et al., 2023). The oil extraction process itself releases substantial greenhouse gases, primarily methane and carbon dioxide, through activities such as drilling, flaring, and venting. Moreover, the refining and transportation of oil products exacerbate emissions, with refining contributing to 61% of emissions in the petroleum industry (Lancon and Hascakir, 2018). Methane-rich natural gas significantly impacts climate change, with a global warming potential far exceeding CO2. The fuel lifecycle from extraction to distribution accounts for approximately 15% of anthropogenic greenhouse emissions. Although promoted as a transitional fuel, empirical studies confirm its continued substantial climate footprint (Mahmood et al., 2023; Shahbaz et al., 2024). Fugitive emissions from the extraction, processing, and transportation stages are a key source of methane leakage (Lancon and Hascakir, 2018). This study examines the underexplored relationship between hydrocarbon rents and carbon emissions in SCO nations, addressing a critical gap in sustainable development research. It analyzes how oil and gas revenues influence environmental outcomes across these strategically important economies.
Empirical evidence indicates that renewable energy adoption (e.g., wind, solar, hydro) significantly mitigates carbon emissions, unlike fossil fuels which exacerbate them. These clean energy sources produce negligible direct greenhouse gases, underscoring their critical role in decarbonization efforts. Additionally, renewable energy systems often offer greater efficiency, lower long-term costs, and enhanced sustainability compared to traditional fossil fuel systems (Chen F.-f. et al., 2023). The sluggish advancement in energy efficiency within Shanghai Cooperation Organization (SCO) member states stems primarily from their continued reliance on fossil fuels, with China being a key contributor to this delay. In 2004, coal constituted 67.7% of China’s energy mix, whereas renewables represented merely 9.6%, highlighting the persistent imbalance in sustainable energy adoption. Despite some advancements, coal use remains prevalent, significantly contributing to carbon emissions (Wang and Lee, 2022). Ahmed et al. (2023) report that coal dominates electricity generation in China (71%) and India (74%), reflecting persistent reliance on fossil fuels. In contrast, Uzbekistan aims to achieve 25% renewable energy by 2030 (Mirziyoyeva and Salahodjaev, 2022), while Iran, Kazakhstan, and Pakistan continue to heavily depend on fossil fuels, exacerbating CO2 emissions.
The Shanghai Cooperation Organization (SCO), founded on 15 June 2001, includes nine members: China, Russia, Kazakhstan, Kyrgyzstan, Tajikistan, Uzbekistan, India, Pakistan, and Iran. However, this study excludes Kyrgyzstan and Tajikistan due to missing data for these countries. Collectively, SCO nations encompass roughly 42% of the world population (3.3 billion) and occupy nearly 25% of the planet landmass. By 2021, the organization’s aggregate GDP stood at USD 23.3 trillion (24% of global output), with purchasing power parity (PPP) estimates reaching USD 44.2 trillion (Andreichyk and Tsvetkov, 2023). These nations possess vast natural resource wealth, with substantial oil and natural gas reserves, yet they also face a critical challenge in balancing economic development with environmental sustainability (Xue and Makengo, 2021; Li and Yan, 2024). The SCO countries control around 18.37% of global oil reserves and 44.44% of global natural gas supplies. Despite this, they are significant contributors to global carbon emissions, with China, India, and Pakistan alone accounting for about 28% of global energy consumption (Ozturk et al., 2021). At the same time, the SCO countries have consistently emphasized the “green agenda,” championing sustainable development since the organization inception. Given this commitment, it is crucial to assess whether the developmental trajectories of these nations align with low-carbon objectives.
This study, therefore, aims to explore the relationship between disaggregated natural resource rents and renewable electricity consumption and their impact on decarbonization efforts in selected SCO countries, particularly in reducing TCO2 emissions, to support the achievement of SDG 13. The main research question is: How do these factors influence carbon dioxide emissions in SCO countries? Specific sub-questions include:
RQ1. How do oil rents affect territorial carbon emissions (TCO2) in SCO countries?
RQ2. How do natural gas rents affect territorial carbon emissions (TCO2) in SCO countries?
RQ3. Does renewable electricity consumption reduce territorial carbon emissions (TCO2) in SCO countries?
This study offers three key contributions. First, prior studies have primarily assessed the aggregate effects of resource rents on emissions, overlooking the distinct roles of key resources rent such as oil and natural gas. This study addresses these gaps by analyzing disaggregated resource rents and their influence on emissions across seven resource-rich SCO countries. Second, it addresses a gap in existing literature by examining the relationships among natural resources, renewable electricity consumption and carbon emissions within Shanghai Cooperation Organization (SCO) member states, a region underrepresented in current research (Opoku-Mensah et al., 2023; Kumar et al., 2024; Li and Yan, 2024). In contrast, more extensive analyses have been conducted in other developing and developed nations (Sicen et al., 2022; Olaniyi and Odhiambo, 2024), significant gaps remain, particularly concerning SCO nations. Notably, the non-linear dynamics between disaggregated natural resource rents and carbon emissions in these countries have yet to be empirically investigated, despite their critical policy implications. Methodologically, it employs the Method of Moments Quantile Regression (MMQR) to assess how different factors impact emissions across varying distribution levels, offering a more nuanced understanding of these relationships. Additionally, Bootstrap Quantile Regression (BSQR) enhances result robustness by addressing data variability through nonparametric resampling.
Section 2 critically reviews existing literature, followed by Section 3, which details the theoretical framework, data sources, and methodology. Section 4 analyzes empirical results, while Section 5 concludes with key findings and policy implications.
2 LITERATURE REVIEW
This review examines the interplay between natural resource rents, renewable energy adoption, and their differential impacts on carbon emissions. While natural resources such as minerals, fossil fuels, and timber serve as critical drivers of economic growth, their extraction and utilization frequently contribute to environmental degradation (Gu et al., 2023; Işık et al., 2024). The nexus between resource exploitation and CO2 emissions remains a contested topic, with scholarly opinions diverging on the extent of its ecological consequences (Sibanda et al., 2023; Anas et al., 2024; Qamruzzaman, 2024; Soni and Manogna, 2025). Natural resources including forests, minerals, and oil are vital for economic growth; however, excessive extraction and utilization often result in significant ecological harm. Researchers have increasingly focused on these challenges. For instance (Sicen et al., 2022), analyzed the pollution halo and resource curse dynamics across BRICS nations from 1995 to 2018. Using advanced panel techniques, the study found that total natural resource rents reduced CO2 emissions, while rents from minerals, forests, and oil increased emissions. Similarly (Bilgili et al., 2023), employed quantile regression to assess natural resource rents in MENA nations, revealing that forest rents enhanced ecological conditions, whereas mineral and oil revenues adversely affected environmental sustainability.
Further research on the BRICS nations by Zhou et al. (2024) employed second-generation estimators, including CCEMG and AMG, to analyze the effects of disaggregated rents (coal, gas, oil, forest, and minerals) on CO2 emissions and PM2.5 pollution from 1995 to 2019. This study confirmed that natural resource wealth is linked to an increase in emissions. In Saudi Arabia (Ben-Salha and Zmami, 2023) found that found that rents from oil and natural gas contribute to environmental degradation. In a similar vein (Aladejare, 2022), examined role of rents from resource and globalization in driving environmental harm across five resource-rich African nations, highlighting the significant contribution of these rents to environmental harm. In Malaysia during 1980–2021 (Ehigiamusoe et al., 2024), showed that rents derived from oil, natural gas, and coal exacerbate carbon emissions, while mineral and forest rents have no comparable effect. This study addresses the gap in research regarding the distinct impacts of oil and natural gas rents on emissions in the (SCO) countries, where vast natural resource reserves coexist with high carbon emissions.
Scholars universally agree that without urgent climate interventions, global warming will cause catastrophic environmental impacts. To minimize harm, experts stress the critical need to cap temperature increases at 1.5 °C and attain net-zero carbon emissions through coordinated global efforts. However, CO2 emissions are largely driven by human activities aimed at economic growth, particularly through the burning of fossil fuels (Obobisa, 2022). Academic research demonstrates that fossil fuel dependence significantly worsens ecological degradation, particularly in developing economies (Li and Haneklaus, 2022). This reality highlights the urgent requirement for renewable alternatives including solar, wind, hydroelectric, and bioenergy systems to satisfy growing global energy needs driven by industrialization (Khan et al., 2020). Current sustainability studies confirm these clean energy sources substantially mitigate atmospheric carbon levels, supporting climate change mitigation efforts (De La Peña et al., 2022). To meet carbon reduction targets under the Paris Agreement, shifting from fossil fuels to renewable energy is critical for mitigating emissions (Adekoya et al., 2021). Empirical research, including a study by Iqbal et al. (2021), confirms that renewable energy integration and technological advancements significantly contribute to achieving carbon neutrality, particularly in industrialized economies. Similarly (Bekun, 2022), concluded that increased renewable electricity consumption significantly reduces CO2 emissions, making renewable energy essential for sustainable development. For BRICS nations (Zhu et al., 2024), emphasized the urgent need for a shift to renewable energy sources to address climate change risks and lower CO2 emissions.
This research makes three significant contributions to the extant literature on natural resource economics and environmental sustainability. First, it expands the geographical scope of analysis by focusing on Shanghai Cooperation Organization (SCO) member states, a region that has received scant attention compared to the extensively studied OECD, G7, BRICS, and African contexts. The investigation specifically examines how disaggregated natural resource rents and renewable electricity consumption interact to influence carbon emissions patterns in these emerging economies. Second, the study provides novel insights by differentiating between various types of natural resource rents, with particular emphasis on oil and natural gas revenues a distinction often overlooked in prior research. This granular approach yields more precise understanding of how specific resource endowments affect environmental outcomes in carbon-intensive, resource-dependent economies. Third, methodologically, the research employs the Method of Moments Quantile Regression (MMQR) to capture heterogeneous effects across the conditional distribution of emissions, complemented by Bootstrap Quantile Regression (BSQR) to ensure statistical robustness. This dual-method approach not only addresses potential data variability but also produces more reliable estimates that can inform both academic discourse and policymaking. These methods ensure the reliability and validity of the findings, making them valuable for both academic and policy discussions. By integrating these innovative dimensions, the study advances theoretical understanding while offering practical implications for sustainable resource management in selected SCO economies.
3 DATA, THEORETICAL UNDERPINNING, AND METHODOLOGY
3.1 Data description
This research examines how distinct natural resource rents particularly from oil and gas affect carbon emissions in Shanghai Cooperation Organization (SCO) member states. The SCO, a prominent regional alliance, includes nine nations: China, Russia, Kazakhstan, India, Pakistan, Iran, Uzbekistan, Kyrgyzstan, and Tajikistan. However, this study excludes Kyrgyzstan and Tajikistan due to missing data for these countries. The analysis spans 2000–2021, assessing the environmental impact of resource-derived revenues. The study uses five key variables, with Territorial-Based Carbon Emissions (TCO2) as the dependent variable, as CO2 is the primary greenhouse gas driving environmental degradation. TCO2 reflects emissions within a given territory, including exports but excluding imports, thereby attributing emissions to the producer. The data for TCO2 is taken from the global carbon budget. This measure is essential for assessing regional contributions to global climate change and devising targeted mitigation strategies. Natural resource rents, particularly oil and natural gas rents, are significant contributors to TCO2, impacting national economies and environmental outcomes, especially in resource-dependent regions. To account for potential omitted variable bias, additional control variables, including renewable electricity consumption (REC), urbanization (URB), and per capita GDP growth, were incorporated. This study utilizes World Development Indicators (WDI) data for oil and gas rents, urbanization, and GDP, supplemented by renewable electricity consumption statistics from the International Energy Agency (IEA). TCO2 emissions figures were sourced from the Global Carbon Budget. Logarithmic transformations were applied to all variables. Complete data specifications are provided in Table 1.
TABLE 1 | Data description.	Variable definition/representation	Measurement	Source of data
	Territorial-Based Carbon Emissions (TCO2)	Million tons/per year	Global Carbon Budget (https://globalcarbonbudgetdata.org/latest-data.html)
	Oil rent (ORNT)
Natural gas rent (NGRNT)
Renewable electricity consumption (REC)	% Of GDP
% Of GDP
Final electricity consumption from renewable source in petajoule (PJ)	WDI (https://databank.worldbank.org/source/world-development-indicators/preview/on#)
IEA (2023), World Energy Balances (https://www.iea.org/data-and-statistics/data-product/world-energy-balances)
	Urbanization (URB)	% of total population	WDI (https://databank.worldbank.org/source/world-development-indicators/preview/on#)
	Per-capita GDP (GDP)	Constant 2015 UD$	WDI (https://databank.worldbank.org/source/world-development-indicators/preview/on#)


3.2 Theoretical framework and model specification
This study examines the interplay among natural resource rents (primarily oil and gas), Renewable electricity consumption, and carbon emissions within a theoretical framework. Oil and gas reserves play a pivotal role in driving economic development, particularly in SCO nations, yet their exploitation generates significant environmental consequences, notably CO2 emissions. Although essential for growth, resource extraction exacerbates ecological footprints, reflecting the detrimental effects of human activity on ecosystems and finite natural resources. Furthermore, the transportation and processing of these resources exacerbate the emission of carbon and other pollutants (Joshua and Bekun, 2020; Awosusi et al., 2022; Zhang et al., 2023).
Oil serves as a major energy source and a key contributor to carbon emissions. The economic gains derived from oil extraction and exports often lead to increased energy demand, which consequently raises carbon emissions. The extraction and production of oil result in greenhouse gas (GHG) emissions, primarily methane and CO2, released during drilling, flaring, and venting. Refining, which accounts for 61% of emissions in the petroleum industry, and the transportation of oil products also contribute significantly to GHG emissions (Lancon and Hascakir, 2018). This study posits a positive correlation between oil rents and CO2 emission, expressed as: δ1=TCO2itORNT>0.
Similarly, Natural gas, predominantly methane, significantly contributes to global warming due to its high greenhouse potential. Methane leakage during extraction, processing, and transportation of natural gas are major contributors to GHG emissions, accounting for 15% of total anthropogenic emissions globally (Xu and Chen, 2016). While comparatively cleaner than coal or petroleum, natural gas operations still produce substantial GHG emissions, undermining its climate benefits (Mahmood et al., 2023; Shahbaz et al., 2024). Fugitive emissions, resulting from leaks during extraction and transportation, are a key source of methane emissions (Lancon and Hascakir, 2018). This analysis hypothesizes that natural gas rents positively correlate with carbon emissions, expressed as: δ2=TCO2itNGRNT>0.
Empirical studies demonstrate that renewable energy adoption effectively reduces carbon emissions, whereas non-renewable sources exacerbate them (Ali et al., 2022). Compared to fossil fuels, renewables including wind, solar, and hydropower generate minimal pollutants while offering superior long-term energy efficiency. The shift toward renewable energy fosters sustainability by reducing carbon footprints, lowering energy costs, and enhancing system resilience (Chen S. et al., 2023; Liu et al., 2023; Mohamed et al., 2024). This study proposes that rising renewable energy usage inversely relates to carbon emissions, expressed as: δ3=TCO2itREC<0.
This study examines the impact of disaggregated natural resource rents and REC on carbon emissions while consider the impact of URB and GDP in the context of the SCO member countries, using two models: Model 1 analyzes oil rent (ORNT), while Model 2 focuses on natural gas rent (NGRNT). These models allow for a clearer evaluation of each each resource effect on emission, as shown in Equations 1, 2.
Model 1:TCO2=fORNT,REC,URB,GDP(1)
Model 2:TCO2=fNGRNT,REC,URB,GDP(2)
In both models, TCO2 represents territorial-based carbon emissions, ORNT is oil rent, NGRNT is natural gas rent, REC is renewable electricity consumption, URB is urbanization, and GDP denotes economic growth. To enhance result reliability and minimize volatility, the variables are transformed into natural logarithms, yielding the following log-linear Equations 3, 4.
Model 1:LnTCO2=α0+α1LnORNT+α2LnREC+α3LnURB+α4LnGDP+εit(3)
Model 2:LnTCO2=α0+α1LnNGRNT+α2LnREC+α3LnURB+α4LnGDP+εit(4)
Here, α0 is the intercept term, “i” represents the cross-sectional units of SCO countries, and “t” refers to the time series from 2000 to 2021. The parameters α1, α2, … α4 represent the slope coefficients for TCO2, ORNT, NGRNT, REC, URB, and GDP, while εit denotes the error term.
3.3 Econometric framework
Prior to estimating long-term coefficients, comprehensive panel diagnostics must be conducted to evaluate variable properties, including cross-sectional dependence, heterogeneity, unit root behavior, cointegration relationships, and potential multicollinearity issues. The analysis begins with descriptive statistics, highlighting the range of observations, minimum and maximum values, and calculating standard deviations to assess volatility. Normality is examined using skewness and kurtosis measures, supported by relevant statistical tests. A correlation matrix serves as a tool to examine the linear relationships between variables, offering valuable insights that inform subsequent statistical modeling and hypothesis testing.
This study focuses on two critical aspects of panel data analysis: cross-sectional dependence (CSD) and heterogeneity in slope coefficients. Ignoring these factors can distort results (Shu et al., 2023). The Industrial Revolution played a pivotal role in shaping global trade, leading to industrial dominance and fostering international cooperation. These interdependencies often result in policy standardization, a concept known as ‘slope homogeneity.’ Failing to account for these dynamics may lead to misleading conclusions (Breitung, 2005; Bao, 2020). To address this, we use the SCH test developed by Pesaran and Yamagata (2008), which accounts for both standard and adjusted slope coefficient heterogeneity (SCH and ASCH). This study also tackles CSD, which can bias empirical estimations when shocks in one unit affect others (Pata et al., 2023). To mitigate this, we employ a series of diagnostic tests, including the LM test Breusch and Pagan (1980), bias-adjusted LM test Pesaran et al. (2008), and the CD-LM test (Pesaran, 2004). The null hypothesis posits no cross-sectional dependence; rejection occurs if results are statistically significant.
To address cross-sectional dependence, the second-generation CIPS unit root test is employed. This method accounts for interdependencies and heterogeneity across units by conducting individual unit root tests and aggregating the t-statistics to derive the composite CIPS statistic (Pesaran, 2007). These characteristics make the CIPS test more robust and effective compared to earlier first-generation tests.
After assessing unit root properties, cointegration analysis is conducted to evaluate long-run equilibrium relationships among variables. Panel cointegration tests primarily adopt two methodologies: residual-based and maximum-likelihood-based techniques. Kao (1999), residual-based approach, extended by Pedroni, applies Dickey-Fuller (DF) and Augmented Dickey-Fuller (ADF) frameworks. The Kao test assumes no cointegration under the null hypothesis, with significant ADF statistics leading to its rejection, thus confirming cointegration. This approach provides enhanced flexibility by permitting varying constants and trend coefficients across cross-sectional units. The (Pedroni, 1999; Pedroni, 2004) methodology first estimates residuals from the cointegrating equation, accounting for spatial dependence while accommodating heterogeneous intercepts and slope parameters. Such panel cointegration tests effectively assess long-run equilibrium relationships by testing the null of no cointegration against its alternative.
Prior to analyzing MMQR regression results, it is crucial to assess multicollinearity among independent variables (Sultana et al., 2023). Multicollinearity arises when independent variables are highly correlated, obscuring their distinct effects on the dependent variable. The Variance Inflation Factor (VIF) quantifies this issue by measuring how much multicollinearity increases coefficient variance in regression analysis. A VIF above 10 signals significant correlation, undermining coefficient reliability (Alofaysan et al., 2024). A VIF between 5 and 10 suggests moderate correlation, while a VIF above 10 implies poor coefficient estimation due to multicollinearity (Saidi et al., 2023).
To assess the magnitude of effects, we employed Machado and Silva (2019) Method of Moment Quantile Regression (MMQR), which provides a comprehensive approach for examining predictor influences across various response variable quantiles. This technique proves particularly valuable for panel data analyses incorporating fixed effects and endogenous regressors. By integrating moment estimation with quantile regression, the MMQR effectively addresses endogeneity concerns, enabling accurate estimation of individual effects (Barut et al., 2025). This approach is flexible, resilient to outliers, and offers insights into how variables interact at different points of the data distribution (Zhang et al., 2024). Unlike ordinary regression, MMQR considers data variability, offering a more comprehensive understanding of variable relationships at various quantiles (Akpınar et al., 2025; Chen et al., 2025b). The strength of this method lies in its capacity to effectively address asymmetric and nonlinear relationships, providing more reliable and robust estimates when compared to other quantile regression approaches (Hossain et al., 2024). The conditional quantile  QXτ∣Y for this model is expressed as follows:
Xit=ωi+φYit+ϑi+ℵTitεit(5)
In Equation 5, Xit represents the dependent variable (TCO2), and Yit denotes explanatory variables (e.g., ORNT, NGRNT, REC, URB, and GDP). The terms ϑi+ℵTit = 1 represent the probabilistic component. The subscript i indicates fixed effects, while ω, φ, ϑ and ℵ are parameters to be estimated. Furthermore, N represents a k-dimensional vector comprising the typical components of Y, this specific part, denoted as D demonstrates a distinct pattern of variation, which is formally represented in Equation 6:
N1=N1V,D=1,2,3,…,k(6)
With this, Equations 5 and 6 can be combined into one as shown in Equation 7:
QXτ∣Yit=ωi+ϑiqτ+φVit+ℵTitqτ(7)
Here, Yit refers to a vector of explanatory variables, and qτ represents the τth  quantile sample. In this study, the 25th, 50th, and 75th quantiles are chosen to capture the lower, middle, and upper tails of the distribution. Thus, the quantile equations for Models 1 and 2 are shown in Equations 8, 9 below:
QTCO2itτk∣ωi,yit=ωi+ℵ1τORNTit+ℵ2τRECit+ℵ3τURBit+ℵ4τGDPit+θi+εit(8)
QTCO2itτk∣ωi,yit=ωi+ℵ1τNGRNTit+ℵ2τRECit+ℵ3τURBit+ℵ4τGDPit+θi+εit(9)
In the above equations, i represents countries, t represents time, TCO2 denotes territorial-based carbon emissions, and ORNT, NGRNT, REC, URB, and GDP represent oil rent, natural gas rent, renewable electricity consumption, urbanization, and economic growth, respectively, while the error term is indicated as εit. In model 2, natural gas rent (NGRNT) is introduced to assess its impact on TCO2 emissions in the SCO member countries.
To evaluate the robustness of the MMQR results, this study employs the Bootstrap Quantile Regression (BSQR) method (Hahn, 1995). BSQR utilizes resampling techniques to generate repeated random samples, better approximating the true distribution of regression estimates. This method enhances statistical inference by addressing variability in p-values and quantile estimates, mitigating the influence of distributional assumptions or sample irregularities. BSQR offers more reliable parameter estimates, especially in the presence of outliers or non-normal errors (Kilinc-Ata and Barut, 2024; Pilatin et al., 2025). Additionally, while MMQR predicts outcomes for each regressor, it lacks causal insights. To address this, the Granger panel causality approach (reference) is applied to explore causal relationships between the key variables (ORNT, NGRNT, REC, URB, GDP, and TCO2).
4 RESULTS AND DISCUSSION
Table 2 presents the descriptive statistics, highlighting significant variability across the examined variables. The mean, median, and range values emphasize this heterogeneity, with some variables deviating notably from normality. For instance, TCO2 shows a positive skew (0.415) and high kurtosis (2.005), indicating a slight rightward asymmetry and heavy tails in its distribution. Its variance of 2.061 further supports this dispersion. In contrast, ORNT and NGRNT exhibit negative skewness (−0.097 and −0.182, respectively), with moderate kurtosis values (1.665 and 2.015), suggesting left-skewed distributions and potential outliers. The REC variable also shows a positive skew (0.488) and high variance (3.11), indicating an asymmetric distribution with a tendency towards higher values. URB displays minimal variance (0.097) and slight leftward skew (−0.281), while GDP has moderate variability and negative skew (−0.18). Given these distributional complexities, the Method of Moments Quantile Regression (MMQR) is employed to capture conditional heterogeneity, offering deeper insights into non-linear relationships across emission quantiles.
TABLE 2 | Summary statistics.	Variables	SD	Mean	Median	Min	Max	Variance	Skew	Kurt	Sk-Pv
	TCO2	1.436	6.466	6.334	4.613	9.351	2.061	0.415	2.005	0.000
	ORNT	1.559	1.074	0.764	−2.16	3.453	2.432	−0.097	1.665	0.000
	NGRNT	1.559	0.013	0.258	−2.80	2.986	2.429	−0.182	2.015	0.000
	REC	1.763	4.787	4.45	2.342	8.942	3.11	0.488	2.185	0.000
	URB	0.312	3.913	3.934	3.32	4.335	0.097	−0.281	1.77	0.000
	GDP	0.82	8.153	8.365	6.629	9.326	0.672	−0.18	1.604	0.000


Table 3 and Figure 1 display the pairwise correlation analysis among territorial carbon emissions (TCO2), oil rent (ORNT), natural gas rent (NGRNT), Renewable electricity consumption, urbanization (URB), and GDP growth (GDP). The analysis reveals that TCO2 is positively correlated with ORNT, NGRNT, URB, and GDP growth, indicating that higher oil and natural gas rents, as well as economic growth, contribute to increased carbon emissions. In contrast, the relationship between TCO2 and REC is weak and statistically insignificant.
TABLE 3 | Pairwise correlations.	Variables	TCO2	ORNT	NGRNT	REC	URB	GDP
	TCO2	1.000					
	ORNT	0.328*** (0.000)	1.000				
	NGRNT	0.157* (0.057)	0.397*** (0.000)	1.000			
	REC	−0.017 (0.831)	−0.073 (0.380)	−0.079 (0.340)	1.000		
	URB	0.309*** (0.000)	−0.015 (0.860)	−0.017 (0.843)	0.209** (0.011)	1.000	
	GDP	0.401*** (0.000)	0.131 (0.115)	0.008 (0.924)	0.150* (0.064)	0.387*** (0.000)	1.000


***, ** and * represent significant level at 1%, 5% and 10% respectively. Source: Author Estimation.
[image: Scatter plot matrix showing correlations between multiple variables labeled as TCO2, ORNT, NGRNT, REC, URB, and GDP. Each pair of variables is depicted with a scatter plot, indicating their relationship through clustered data points.]FIGURE 1 | Correlation matrix.Table 4 displays the results of the slope heterogeneity analysis for Models 1 and 2, highlighting substantial variation in slope coefficients. These results indicate that while SCO member states exhibit some structural similarities, they diverge notably in their economic frameworks, levels of globalization, and socio-political contexts. The statistically significant p-values decisively reject the null hypothesis of slope homogeneity, demonstrating significant cross-national heterogeneity in variable relationships.
TABLE 4 | Testing for slope heterogeneity.	Models	Delta	Adj. Delta
	Model 1	13.046***	15.298***
	Model 2	12.872***	15.093***


*** represent significant level at 1%. Source: Author Estimation.
Table 5 presents the results of the Cross-Sectional Dependence (CD) test across five estimation models, with the null hypothesis consistently rejected at the 1% significance level indicates strong interconnections among the countries. These results imply that the variables in the panels are not independent but rather significantly correlated. Consequently, decisions made by one country, whether economic, social, or environmental, can impact others. Therefore, it is crucial to apply econometric methods that properly address these interdependencies for accurate and context-sensitive analysis.
TABLE 5 | CD test.	Variable	CD-test	p-value	corr	abs (corr)
	TCO2	9.680	0.000	0.451	0.867
	ORNT	18.380	0.000	0.855	0.855
	NGRNT	5.960	0.000	0.277	0.428
	REC	12.440	0.000	0.579	0.589
	URB	19.900	0.000	0.926	0.926
	GDP	19.880	0.000	0.925	0.925


Table 6 presents the CIPS panel unit root test results, examining the null hypothesis of non-stationarity. All examined variables (TCO2, ORNT, NGRNT, REC, URB, and GDP) demonstrate non-stationarity in levels but achieve stationarity after first differencing, indicating they follow I (1) processes. These results inform the necessary data treatment for subsequent econometric analysis, ensuring compliance with stationarity requirements prior to applying long-run estimation techniques.
TABLE 6 | CIPS panel unit root tests.	Variables	At a level	At first difference
	TCO2	−2.089	−3.804***
	ORNT	−1.829	−4.171***
	NGRNT	−2.464	−3.333***
	REC	−2.613	−5.174***
	URB	−1.088	−3.861**
	GDP	−2.275	−3.350***


***, ** and * denote the significance at 1%, 5%, and 10% level, respectively.
Following the confirmation of unit roots in the time series data, co-integration tests were conducted following the methodologies by Pedroni (2004) and Kao (1999). The results, presented in Table 7, indicate long-term equilibrium relationships among the variables. Specifically, the co-integration test by Pedroni (2004) rejects the null hypothesis of no co-integration for two of the three test statistics, while the method by Kao (1999) provides stronger validation, confirming co-integration across all five test statistics. These findings establish a robust foundation for estimating long-run elasticities, providing valuable insights into the variables’ interrelationships.
TABLE 7 | Pedroni & Kao co-integration test results.	Pedroni Co-integration test	Model 1	Model 2
	Modified Phillips–Perron test	−0.0367	−0.393
	Phillips–Perron test	−6.137***	−6.341***
	Augmented Dickey–Fuller test	−5.734***	−5.640***


	Kao Co-integration Test	Model 1	Model 2
	Modified Dickey–Fuller test	−5.306***	−7.064***
	Dickey–Fuller test	−6.365***	−6.782***
	Augmented Dickey–Fuller test	−4.163***	−5.254***
	Unadjusted modified Dickey–Fuller test	−11.024***	−10.865***
	Unadjusted Dickey–Fuller test	−7.485***	−7.509***


***, ** and * denote the significance at 1%, 5%, and 10% level, respectively. Source: Author calculation.
Table 8 presents the results of the Variance Inflation Factor (VIF) test for Models 1 and 2. The mean VIF values of 1.13 and 1.11, well below the threshold of 10, indicate no multicollinearity. VIF values ranged from 1.01 to 1.22 for all individual predictors, suggesting minimal correlation. This confirms the robustness and reliability of the regression estimates, with the VIF test serving as an essential diagnostic tool to ensure valid coefficient estimations.
TABLE 8 | Multicollinearity test results using Variance inflation factor Model 1 and 2.	Model 1	VIF	1/VIF
	ORNT	1.03	0.971
	REC	1.06	0.945
	URB	1.22	0.822
	GDP	1.21	0.826
	Mean VIF	1.13	


	Model 2	VIF	1/VIF
	NGRNT	1.01	0.993
	REC	1.06	0.946
	URB	1.21	0.825
	GDP	1.18	0.846
	Mean VIF	1.11	


The results from Model 1, estimated using the MMQR approach, are summarized in Table 9 and visually depicted in Figure 2. The coefficient for ORNT is consistently positive and statistically significant across all quantiles, suggesting that increased reliance on oil revenues contributes to higher CO2 emissions. This finding aligns with the resource curse hypothesis (Auty, 1994), which suggests that resource-rich economies face weaker environmental regulations due to rent-seeking behaviors and delayed energy transitions. At the 25th quantile, the coefficient of 0.078 shows that countries with lower CO2 emissions experience a noticeable increase in emissions as oil rent rises. This suggests that oil dependency contributes to higher emissions in nations with relatively lower energy consumption or emission levels, aligning with the hypothesis that oil rent leads to increased CO2 emissions due to greater energy consumption and insufficient investment in cleaner energy sources (Mahmood and Furqan, 2021).
TABLE 9 | MMQR results for Model 1.	Variables	Location	Scale	25th quantile	50th quantile	75th quantile
	ORNT	0.063*** (3.82)	−0.018* (−1.75)	0.078*** (4.14)	0.064*** (3.88)	0.047** (2.57)
	REC	−0.025 (−1.41)	0.004 (0.38)	−0.028 (−1.41)	−0.025 (−1.42)	−0.021 (−1.08)
	URB	1.293*** (2.92)	−0.640** (−2.26)	1.819*** (3.59)	1.329*** (3.00)	0.761 (1.52)
	GDP	0.370***(3.38)	0.137** (1.97)	0.257** (2.06)	0.362*** (3.32)	0.484***(3.92)


z-statistics in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
[image: Four line graphs display quantile regression results, each titled: ORNT, REC, URB, and GDP. Each graph shows a line with a shaded confidence interval. ORNT and URB depict downward trends, REC shows a stable trend, and GDP indicates an upward trend. Quantiles range from 0 to 100 on the x-axis, with respective variable values on the y-axis.]FIGURE 2 | MMQR plots for Model 1.At the 50th quantile, the ORNT coefficient of 0.064 demonstrates a substantial correlation between oil rents and CO2 emissions in nations exhibiting median levels of emissions. This suggests that governments in these countries are not sufficiently investing oil revenue into clean energy technologies or environmental sustainability research, reflecting the heterogeneous effects of oil rent based on economic structure, energy policies, and technological capacity. At the 75th quantile, the coefficient of 0.047 confirms that oil rent contributes positively to CO2 emissions in countries with higher emissions, further exacerbated by outdated oil extraction technologies and weak environmental regulations. These results align with recent studies (Agboola et al., 2021; Mahmood and Furqan, 2021; Mahmood and Saqib, 2022; Kahia and Omri, 2024), which underscores oil dual role as a major driver of carbon emissions and a crucial energy source. Nations with substantial oil rents generally experience higher levels of oil production and consumption, resulting in greater carbon emissions from oil-dependent activities (Huang et al., 2023).
The Shanghai Cooperation Organization (SCO) member countries face a critical dilemma: their substantial economic dependence on oil revenues hinders meaningful CO2 emission reductions. While these nations collectively account for a considerable portion of global resource-derived wealth, they must simultaneously address the environmental consequences of their carbon-intensive economic activities. For instance, Russia and China have high crude oil demands, with Russia producing 10.5 million barrels per day, representing 14% of the world’s supply (Li and Yan, 2024). Furthermore, SCO member countries collectively hold 619 billion barrels of oil reserves, or 40% of the planet’s proven oil reserves (Andreichyk and Tsvetkov, 2023). These findings emphasize that countries with high emissions are more vulnerable to exacerbated environmental impacts from oil rents, underscoring the need for policies that decouple fossil fuel reliance from environmental harm and direct oil rent revenues toward cleaner energy technologies.
The results of the Method of Moments Quantile Regression (MMQR) for Model 2 are shown in Table 10 and Figure 3. This analysis explores the influence of natural gas rent (NGRNT) on CO2 emissions among the member countries of the Shanghai Cooperation Organization (SCO). The relationship between NGRNT and CO2 emissions differs across various quantiles of emissions. Specifically, at the 25th and 50th quantiles, the coefficients for NGRNT are 0.035 and 0.29, respectively, both of which are statistically significant at the 5% level. These findings suggest that in countries with lower and median emissions, higher natural gas rent does not lead to sufficient investment in clean energy or environmental protection initiatives. Despite natural gas being a cleaner alternative to coal, its extraction and consumption still contribute to emissions in these nations. Extraction practices often lack environmental safeguards, exacerbating degradation, while reliance on fossil fuels, including natural gas, due to underdeveloped renewable energy infrastructure, increases emissions (Zhang and Li, 2023; Shahbaz et al., 2024) its extraction and consumption still contribute to emissions in these nations. This is especially relevant for SCO countries that rely on natural gas for energy production, where extraction practices often fail to meet environmental protection standards, thus exacerbating environmental degradation. The utilization of pollution-intensive and energy-inefficient methods for extracting natural gas contributes to higher carbon dioxide emissions (Ehigiamusoe et al., 2024). Additionally, the insufficient development of renewable energy infrastructure in some of these lower-emission countries may lead to greater reliance on fossil fuels like natural gas, further intensifying emissions.
TABLE 10 | MMQR results for Model 2.	Variables	Location	Scale	25th quantile	50th quantile	75th quantile
	NGRNT	0.028** (2.15)	−0.011 (−1.33)	0.035** (2.43)	0.029** (2.19)	0.018 (1.22)
	REC	−0.028 (−1.46)	0.001 (0.09)	−0.029 (−1.34)	−0.028 (−1.46)	−0.027 (−1.26)
	URB	1.199** (2.55)	−0.501* (−1.67)	1.539*** (2.92)	1.232*** (2.61)	0.739 (1.39)
	GDP	0.430*** (4.12)	0.153** (2.29)	0.327*** (2.79)	0.420*** (4.00)	0.570*** (4.81)


z-statistics in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
[image: Four quantile regression plots show relationships between variables. Top-left: NGRNT shows a downward trend with increasing quantiles. Top-right: REC remains stable across quantiles. Bottom-left: GDP declines with higher quantiles. Bottom-right: URB increases as quantiles rise. Each plot has a shaded confidence interval.]FIGURE 3 | MMQR plots for Model 2.At the 75th quantile, the coefficient for NGRNT becomes −0.018 and is not statistically significant, suggesting that in high-emission countries, the effect of natural gas rent on CO2 emissions is minimal. This indicates that such countries likely mitigate emissions through the implementation of cleaner technologies, the increased use of renewable energy, and the enforcement of more stringent environmental regulations. This observation is consistent with findings from studies conducted in high-emission countries (Shahbaz et al., 2024), E7 nations (Gyamfi and Adebayo, 2023), OECD countries (Ni, 2023) and Malaysia (Ehigiamusoe et al., 2024). Therefore, it is essential to prioritize increased investment in renewable energy infrastructure alongside the advancement of carbon capture technologies to effectively mitigate emissions linked to natural gas consumption. Additionally, policies that allocate natural gas rent towards cleaner technologies and energy-efficient systems can contribute to reducing the carbon intensity of natural gas usage.
Tables 9 and 10 present results for additional variables in the models, including renewable electricity consumption (REC), urbanization (URB), and economic growth (GDP). The coefficients for REC are not statistically significant across all quantiles in both models, indicating a weak and inconsistent impact on CO2 emissions within the SCO countries. This suggests that the limited adoption of renewable energy in the region, especially in oil-dependent economies, is a key factor. Although renewable energy shows promise for emission reduction (Altın, 2024), its present contribution remains inadequate to counterbalance conventional energy emissions. This aligns with existing research (Jia et al., 2022; Hasanov et al., 2023), demonstrating that clean energy currently lacks significant carbon mitigation effects.
The Shanghai Cooperation Organization (SCO) slow progress in reducing energy consumption stems largely from persistent dependence on fossil fuels. China dominant role is particularly evident, with coal accounting for 67.7% of its 2004 energy use, while renewables represented only 9.6% of total consumption. Despite some progress, coal consumption continues to grow, contributing significantly to carbon emissions. China renewable energy share remains far below that of developed nations (Wang, 2022). China and India derive 71% and 74% of their electricity from coal respectively, while Russia ranks fifth and sixth worldwide in both coal production (423 million tons) and consumption (230.3 million tons) (Ahmed et al., 2023), highlighting SCO members continued fossil fuel dependence. Conversely, Uzbekistan aims to increase renewable energy to 25% of its total electricity generation by 2030 (Mirziyoyeva and Salahodjaev, 2022). Iran energy consumption is almost entirely fossil fuel-based, with oil and gas accounting for nearly 97%, contributing heavily to CO2 emissions (Karimi et al., 2021). Kazakhstan energy mix is predominantly coal, with coal, oil, and gas making up 63.02%, 19.76%, and 17.21% of total consumption (Raihan and Tuspekova, 2022). Pakistan continues to rely on fossil fuels, with the energy sector responsible for 46% of its total CO2 emissions in 2012 (Qudrat-Ullah, 2022). To address these challenges, policies must focus on accelerating the transition to renewable energy through investments in infrastructure, technology, and innovation. A regional approach to energy cooperation could help enhance the adoption of cleaner alternatives.
The analysis reveals a consistent positive relationship between GDP and CO2 emissions across all quantiles in both models, indicating that economic expansion tends to elevate emission levels. This observation supports the Environmental Kuznets Curve (EKC) theory, which suggests that early economic development exacerbates emissions due to heightened industrial activity and energy demand (Grossman and Krueger, 1995). Within SCO nations, stronger economic performance correlates with intensified resource utilization and energy consumption, further driving CO2 output. The escalating coefficient across quantiles implies that GDP’s impact on emissions grows more pronounced in highly polluting economies, reinforcing the link between growth and environmental degradation. This challenges the EKC turning point in the region, implying that SCO countries are still in the growth phase where emissions have not yet been offset by cleaner technologies or stricter environmental regulations. As economies grow, demand for goods and services intensifies, putting additional pressure on natural resources and ecosystems, which expands their ecological footprint (Mohsin et al., 2022; Chen et al., 2025a). This underscores the reliance on carbon-intensive industries, particularly energy and manufacturing, calling for green industrial policies.
The urbanization coefficient exhibits a statistically significant positive impact at the 25th and 50th percentiles in both models, though its effect diminishes to insignificance at the 75th percentile. These results corroborate urban environmental transition theory, which identifies urbanization and industrialization as key contributors to ecological degradation, including water pollution, air contamination, and greenhouse gas emissions (Yang et al., 2023). Additionally, the findings resonate with ecological modernization theory, positing that early-phase industrialization exacerbates environmental harm. Urban expansion fosters greater reliance on transport systems, fossil fuel dependency, and manufacturing activity, thereby amplifying carbon output (Wei et al., 2023; Boateng et al., 2024). Additionally, population urbanization, especially in smaller cities and megacities, amplifies energy and transportation demands, further escalating TCO2 emissions (Song et al., 2024). These outcomes corroborate prior studies linking urbanization to increased carbon emissions (Mahmood et al., 2022; Lee et al., 2023; Chen et al., 2025a). Figures 2, 3 provide visual representations of the additional variables incorporated in the MMQR Models 1 and 2, specifically renewable electricity consumption (REC), urbanization (URB), and economic growth (GDP).
Table 11 validates the robustness of the primary quantile regression findings using Bootstrap Quantile Regression (BSQR), a nonparametric technique that addresses heteroskedasticity and distributional irregularities, enhancing inference reliability. Results for Models 1 and 2, presented in Tables 11 and 12, confirm the distributionally heterogeneous effects of key explanatory variables on territorial CO2 emissions in SCO countries. The consistently positive relationship between ORNT and TCO2 across different quantiles supports the baseline MMQR model, indicating that increased government revenue from oil rents is not sufficiently invested in clean energy or environmental sustainability initiatives. The larger coefficient at lower quantiles suggests that oil dependency has a more pronounced effect on emissions in low-emitting SCO countries, possibly due to weaker pollution controls or recent industrial development. Figure 4 visualizes the BSQR regression results for Model 1.
TABLE 11 | BSQR results for Model 1.	Variables	25th quantile	50th quantle	75th quantile
	ORNT	0.069*** (3.51)	0.051*** (2.99)	0.039** (2.57)
	REC	−0.030 (−0.82)	−0.015 (−0.42)	−0.004 (−0.09)
	URB	1.721** (2.35)	1.167* (1.88)	0.545 (0.76)
	GDP	0.350*** (4.48)	0.343** (2.19)	0.599*** (4.62)


t-statistics in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
TABLE 12 | BSQR results for Model 2.	Variables	25th quantile	50th quantile	75th quantile
	NGRNT	0.032** (2.08)	0.018* (1.95)	0.029 (1.12)
	REC	−0.009 (−0.25)	−0.024 (−0.84)	−0.012 (−0.34)
	URB	0.952** (2.39)	1.403** (2.05)	0.367 (0.70)
	GDP	0.459*** (3.92)	0.363** (2.35)	0.661*** (4.46)


t-statistics in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
[image: Four line graphs showing quantile regression results for variables ORNT, REC, URB, and GDP. Each plot has quantile on the x-axis. Shaded areas indicate confidence intervals around the line of best fit.]FIGURE 4 | BSQR plots for Model 1.Furthermore, the consistent positive relationship between NGRNT and TCO2 across various quantiles in Table 12 strengthens the baseline MMQR model 2 findings, suggesting that increased government revenue from natural gas rents is not sufficiently allocated to clean energy or sustainability initiatives. This relationship indicates that higher natural gas rents correlate with increased CO2 emissions, despite natural gas being a cleaner alternative to coal (Zhang and Li, 2023). The extraction and consumption of natural gas still contribute to emissions in these countries. Figure 5 illustrates the BSQR regression results for Model 2.
[image: Four line graphs display quantile regression results with shaded confidence intervals. The variables are: NGRNT, REC, URB, and GDP on the y-axes against Quantile on the x-axes. Dashed lines indicate the regression line, while the solid lines show actual data trends. Each graph's y-axis values vary.]FIGURE 5 | BSQR plots for Model 2.Tables 11 and 12 of the BSQR display results for additional variables in the models: renewable electricity consumption (REC), urbanization (URB), and economic growth (GDP). REC’s coefficients are generally not statistically significant across all quantiles in both models, indicating a weak and inconsistent effect on CO2 emissions in SCO countries. This limited impact may reflect the low adoption of renewable energy in the region, supporting findings from MMQR models 1 and 2. In contrast, urbanization and economic growth consistently show a significant positive association with CO2 emissions across all quantiles in both BSQR models. This aligns with the MMQR results, suggesting that expanding urban populations and economies drive higher energy consumption and carbon emissions. Figures 4, 5 visually present the BSQR regression outcomes for these variables.
Table 13 presents Granger Causality results, highlighting significant predictive causality between TCO2 and the independent variables ORNT, NGRNT, REC, URB, and GDP. Specifically, the analysis reveals a significant causal relationship between ORNT, NGRNT, and TCO2, as well as between REC, URB, GDP, and TCO2. However, REC was found to be non-significant. These findings align with previous studies, emphasizing the complex interactions among these variables and TCO2. The insights gained are pivotal for evidence-based policymaking, aiding in the promotion of environmental sustainability and emission reduction in Shanghai Cooperation Organization (SCO) member countries.
TABLE 13 | Dumitrescu & Hurlin Granger causality tests results.	Direction	Z-bar	W-bar	P-value
		Statistics	Statistics
	ORNT does Granger-cause TCO2	2.029	2.085	0.042
	NGRNT does Granger-cause TCO2	1.763	1.942	0.077
	REC does not Granger-cause TCO2	−0.630	0.663	0.528
	URB does Granger-cause TCO2	3.709	2.983	0.000
	GDP does Granger-cause TCO2	2.385	2.275	0.017


5 CONCLUSION
The growing ecological burden has led to severe environmental impacts, including storms, flooding, droughts, wildfires, and resource depletion, emphasizing the urgent need for sustainable policies and actions to address these challenges. This study examines how disaggregated natural resource revenues and renewable electricity consumption (REC) influence territorial carbon emissions (TCO2) across Shanghai Cooperation Organization (SCO) member states from 2000 to 2021. Applying Method of Moments Quantile Regression (MMQR) and Bootstrap Quantile Regression (BSQR) methodologies, the analysis demonstrates that oil and gas rents consistently correlate with higher TCO2 emissions. Conversely, REC exhibits minimal and statistically insignificant effects on emission reductions, potentially due to the region’s underdeveloped renewable energy infrastructure. These findings suggest that while fossil fuel dependence drives emissions, current renewable energy integration remains insufficient to meaningfully mitigate environmental impacts in SCO nations. Additionally, urbanization and GDP growth were identified as factors contributing to the escalation of carbon emissions, highlighting the necessity for integrated strategies that align with sustainable development goals to effectively address environmental degradation.
5.1 Policy recommendations
This research proposes targeted policy measures to mitigate environmental degradation and carbon emissions in SCO nations. The analysis particularly emphasizes how oil and gas revenues significantly contribute to regional CO2 output, suggesting these sectors require urgent regulatory attention to facilitate sustainable development. The findings reveal a dual challenge: while natural resources rent contribute to economic growth and provide essential revenues, their extraction and consumption exacerbate environmental degradation, especially through increased carbon emissions. To mitigate this, a transition towards sustainable energy practices is crucial for long-term environmental health in the SCO region.
To mitigate this environmental burden and encourage sustainability, the study suggests several policy recommendations. To accelerate decarbonization, SCO members should strategically reinvest oil and gas revenues into clean energy transitions. Prioritizing funding for renewable infrastructure (solar, wind, hydro), energy efficiency upgrades, and carbon capture technologies would enable these nations to systematically reduce fossil fuel dependence while minimizing their energy sector’s environmental impact. Additionally, establishing dedicated green funds financed by oil and natural gas rents would ensure that these resources are transparently allocated to initiatives aimed at decarbonizing the energy sector. Ultimately, this approach provides SCO member countries with an opportunity to leverage their resource wealth to drive a green energy transition, reduce carbon emissions, and contribute meaningfully to global climate goals.
Although renewable electricity consumption shows potential for mitigating emissions, it remains statistically insignificant in this analysis. Therefore, increasing the share of renewable energy in the energy mix is vital. SCO countries should implement policies to stimulate renewable energy investment, eliminate barriers to adoption, and promote cross-border cooperation to capitalize on economies of scale and enhance energy security. By adopting these measures, the SCO countries can foster a sustainable future where economic development and environmental protection support each other, helping to meet global climate objectives.
Regarding the control variables in the study, several policy recommendations can be put forward to mitigate the adverse impacts of environmental degradation and reduce territorial-based carbon emissions in SCO member countries. Firstly, as urbanization accelerates, sustainable urban development policies must be prioritized. Urban expansion directly contributes to higher emissions; therefore, integrating green urban planning, low-carbon technologies, public transport, and smart city initiatives is critical. Promoting green building practices, such as energy-efficient housing and commercial buildings, should be incentivized to prevent further environmental damage. Secondly, while GDP growth is vital for economic progress, it must be decoupled from carbon emissions. SCO countries should adopt green growth strategies that foster sustainable economic development by investing in clean technologies and expanding green sectors like renewable energy. This approach will reduce reliance on fossil fuels and help minimize emissions, ensuring a balance between economic and environmental objectives.
This study has several limitations. It primarily focuses on selected SCO member countries and relies on data available up to 2021. Recent geopolitical events, such as the Russia-Ukraine war and COP agreements, could potentially alter the results. Future research could include post-2021 data and apply advanced econometric methods like CS-ARDL and PQARDL. Incorporating time-series analyses and additional carbon reduction indicators may provide more comprehensive insights and reveal variations across countries.
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