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This study investigates the spatial determinants of carbon dioxide (CO, ) emissions in selected
Middle Eastern countries, emphasizing the significance of cross-border environmental externalities.
Since CO, emissions are not confined within national boundaries, analyzing their spatial dynamics
provides insights into the need for regional cooperation. The paper contributes to the environmental
economics literature by applying advanced spatial econometric techniques to identify both direct and
spillover effects of energy production, energy intensity, and electricity generation structure on CO,

emissions in the region.This study employs a Spatial Error Panel Model with Fixed Effects with
country- and time-fixed effects for eight Middle Eastern countries over the period 2000-2024. The
model allows for the control of unobserved heterogeneity at both the country and time levels. Spatial
interactions are captured through a spatial weight matrix reflecting geographical proximity and
shared borders. The key explanatory variables include per capita oil production, per capita energy
consumption, energy intensity, and the composition of electricity generation (fossil-, gas-, and oil-
based sources). Furthermore, a series of diagnostic tests are conducted to assess the presence of
spatial autocorrelation.The results indicate that CO, emissions exhibit a strong and significant
spatial correlation (spatial autoregressive coefficient = 0.805), such that national emissions are
substantially influenced by those of neighboring countries. Furthermore, per capita oil production
has a positive and significant effect on CO, emissions, highlighting the environmental costs of
resource dependence. In contrast, Per capita oil production has a positive and significant effect on
CO, emissions, reflecting the role of energy efficiency and the restructuring of electricity production
in reducing pollution. Primary energy intensity and fossil-based electricity consumption have
positive effects as well, but they are not statistically significant. This study demonstrates that CO,

emissions in the Middle East transcend national boundaries, rendering unilateral policies insufficient
for their reduction. Effective mitigation requires the adoption of coordinated regional strategies that
account for spatial interdependencies. The evidence underscores the necessity of reducing oil
dependence, promoting cleaner technologies, and strengthening regional cooperation to control
transboundary pollution and address climate change. Overall, the findings highlight the importance
of incorporating spatial and economic interdependencies into environmental policymaking in
resource-dependent regions.
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Extended Abstract

Introduction

Climate change and the rapid growth of carbon dioxide (CO, ) emissions are among the most
significant challenges of the twenty-first century, with profound environmental, economic, and
social implications. Unlike local pollutants, CO, is a global pollutant with a transboundary nature;
its environmental impacts extend beyond national borders, influencing the ecological and
economic systems of neighboring countries. The Middle East represents a particularly critical case
in this regard, as the region is heavily dependent on fossil fuel resources while simultaneously
characterized by high levels of energy consumption and intensity. The combination of resource
dependency and rapid economic development has made the region one of the hotspots of CO,
emissions, with implications not only for local sustainability but also for global climate change
efforts.

The existing literature in environmental economics has made substantial progress in exploring the
determinants of CO, emissions, focusing on the role of energy use, resource dependency, trade,
and technological development. However, much of the empirical evidence relies on traditional
panel data models or cross-sectional regressions, which fail to capture spatial dependencies
between countries. These conventional approaches implicitly assume independence across
observational units, thereby ignoring the possibility that emissions in one country may influence,
or be influenced by, emissions in geographically or economically proximate countries. This
omission is particularly problematic in regions such as the Middle East, where economic
interdependence, geographic proximity, and shared resource bases intensify cross-border
spillovers.

Spatial econometric techniques provide an appropriate framework to address these methodological
limitations. By explicitly accounting for spatial interdependencies, models such as the Spatial Error
Panel Model with Fixed Effects allow researchers to identify both direct effects within countries
and indirect (spillover) effects across borders. This approach has been increasingly applied in the
context of environmental studies but remains underutilized in research on the Middle East, despite
the region’s importance in global energy markets.

Against this background, the present study investigates the spatial determinants of CO, emissions
in Eight selected Middle Eastern countries over the period 2000-2024. The primary objective is to
assess the role of per capita oil production, per capita energy consumption, energy intensity, and
the structure of electricity generation in shaping emissions, while simultaneously identifying
spatial spillovers among neighboring countries. By doing so, the study contributes to bridging a
gap in the literature and provides empirical evidence to inform regional cooperation in mitigating
climate change.
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Method

The study employs a Spatial Error Panel Model with Fixed Effects (SE-FE) to account for
unobserved spatially correlated shocks that affect CO, emissions across countries. Both country-
fixed and time-fixed effects are included to control for time-invariant country characteristics and
common temporal shocks. The dataset covers six Middle Eastern countries from 2002 to 2019, a
period that coincides with significant fluctuations in oil markets, rising global attention to climate
policy, and technological shifts in energy production.

The dependent variable is per capita CO, emissions, measured in metric tons. The explanatory
variables include:

Per capita oil production, representing the resource dependence of the countries.

Per capita energy consumption, capturing the level of energy demand.

Energy intensity, defined as energy consumption relative to GDP, reflecting efficiency.
Electricity generation structure, disaggregated into fossil-based, gas-based, and oil-based
electricity production.

NS

To capture spatial dependence, a spatial weight matrix based on geographic proximity was
constructed, where neighboring countries are assigned positive weights. This matrix allows the
model to estimate the extent to which emissions in one country are influenced by emissions in
adjacent states. The model was estimated using the Maximum Likelihood Estimation (MLE)
technique, which ensures consistent and efficient parameter estimates in spatial econometric
models.

Results :

The empirical findings confirm the existence of strong and statistically significant spatial error
dependence in CO, emissions across the countries. The estimated spatial error coefficient is 0.805,
indicating that unobserved factors affecting emissions in one country are strongly correlated with
those in neighboring countries. This highlights the importance of controlling for spatially correlated
shocks when analyzing CO, emissions in the Middle East.

Regarding the explanatory factors, the results reveal several important insights:

- Per capita oil production has a positive and statistically significant effect on CO,
emissions. This finding is consistent with the hypothesis that resource dependence
exacerbates environmental degradation, as higher oil production not only increases
domestic emissions but also fosters economic structures reliant on carbon-intensive sectors.

- Per capita energy consumption and energy intensity both exhibit negative and significant
effects on emissions. This result is somewhat counterintuitive but can be explained by
improvements in energy efficiency and structural shifts in energy consumption patterns. In
particular, some countries in the region have implemented policies to enhance efficiency or
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diversify their energy mix, leading to a reduction in carbon intensity despite high
consumption levels.

- The structure of electricity generation plays a significant role. Fossil-based electricity is
found to contribute positively to emissions, whereas gas-based and oil-based electricity
appear to reduce emissions, although their coefficients are close to the threshold of
statistical significance. These results suggest that gradual transitions in the energy mix may
already be influencing emission trajectories, albeit modestly.

Overall, the findings confirm that emissions are not only driven by domestic factors but are also
shaped by spatial dependencies across countries, thereby reinforcing the necessity of a regional
perspective.

Conclusion:

This study provides robust empirical evidence that CO, emissions in the Middle East are
influenced by both domestic factors and spatial error dependence from neighboring countries. The
results demonstrate that unilateral national policies are insufficient to address the environmental
challenges of the region. Instead, coordinated regional strategies and collective policymaking are
essential.

From a theoretical perspective, the study emphasizes the importance of incorporating spatial and
economic interdependencies into environmental analysis. By moving beyond the assumption of
independence across units, spatial econometric approaches offer a more accurate understanding of
the dynamics of pollution. The findings contribute to the literature on environmental economics by
highlighting how spatial error dependence complicate national-level mitigation efforts.

From a policy perspective, the results highlight the need for Middle Eastern countries to reduce
dependence on oil production, promote energy efficiency, and expand the deployment of clean
energy technologies. Regional cooperation is indispensable, as transboundary externalities cannot
be effectively managed through isolated policies. Institutions such as regional energy forums,
climate agreements, and cross-border environmental initiatives should be strengthened to facilitate
collective action.

Finally, the study also opens avenues for future research. One potential direction is to extend the
analysis to a broader set of countries in the Middle East and North Africa (MENA) region, allowing
for more comprehensive insights into spatial interdependencies. Another promising avenue is to
integrate measures of trade, investment, and technological diffusion to better capture economic
linkages that influence emissions. Additionally, further work could explore the role of renewable
energy adoption and policy heterogeneity in shaping spatial emission patterns.

In conclusion, the study underscores that CO, emissions in the Middle East are not merely a
national concern but a regional and global issue. Effective solutions require a shift from unilateral
action to cooperative, multi-country strategies that recognize the spatial and economic
interdependencies of environmental challenges.
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