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Abstract

Today, increasing greenhouse gas emissions and economic inequalities are key challenges
facing policymakers. Understanding the dynamic relationship between these two challenges
is important for achieving sustainable development goals. The aim of this study is to
investigate the interrelationship between carbon efficiency and income inequality in Iranian
provinces. For this purpose, the Simultaneous Spatial Equation Model (SSEM) is used. The
SSEM allows the interrelationship between carbon efficiency and income inequality to be
analyzed by considering the influence of provinces on one another and spatial spillover
effects. First, the total factor carbon efficiency (TFCEE) of Iranian provinces is calculated
for the period 2007-2018 using Data Envelopment Analysis (DEA). The results of the
cointegration test indicate that there is a long-run relationship between the model variables
in the carbon efficiency and income inequality equations. Additionally, the results of the
Moran test confirm the spatial correlation in carbon efficiency and income inequality. The
estimation of spatial simultaneous equations using the GS2SLS method shows that there
is a reciprocal relationship between carbon efficiency and income inequality in middle-
and low-income provinces. Reducing income inequality in low-income provinces (with
an emphasis on the political economy perspective) and increasing income inequality in
middle-income provinces (with an emphasis on consumption theory) lead to significant
improvements in carbon efficiency. Improving carbon efficiency in middle- and low-income
provinces leads to a significant reduction in income inequality. Policies aimed at improving
carbon efficiency and increasing employment in middle- and low-income provinces, as
well as industrialization across all income groups, can help reduce income inequality. To
achieve sustainable development goals, such as improving income distribution and carbon
efficiency, it is recommended that policymaking be adapted to the local conditions of the
provinces, taking into account the interrelationships of these goals.

Keywords: Income Distribution, Spatial Econometrics, Data Envelopment Analysis, Total
Factor Carbon Efficiency.

JEL Classification: D63, Q43, Q54.

1. Department of Economics, Faculty of Social Sciences and Education, Razi University, Kermanshah, Iran (Corresponding
Author). Email: s.azami@razi.ac.ir
2. Department of Economics, Faculty of Social Sciences and Education, Razi University, Kermanshah, Iran.

Citations: Azami, S. & Hosseini, F., (2026). Spatial Analysis of the Interrelationship between Environmental Efficiency and
Income Inequality in Iranian Provinces: An Application of the Simultaneous Spatial Equation Model (SSEM). Journal of
Applied Economics Studies in Iran, 15(58): 9-41. https://doi.org/10.22084/aes.2026.32565.3902

Homepage of this Article: https://aes.basu.ac.ir/article 6759.html?lang=en


https://creativecommons.org/licenses/by-nc/4.0/

Azami & Hosseini: dr/L‘;,,/KO/,L/Q;L;W» m

1. Introduction

Given the growing threats to sustainable development, increasing income inequality and
environmental degradation have attracted more attention than ever in scientific research
and policy discourses. Environmental pollution can be linked to the distribution of income
and power between the rich and the poor. This assumption raises the question of whether
reducing income inequalities can increase carbon emission efficiency. On the other hand,
income gaps have long been a major concern in socio-economic development. Many
sources attribute this inequality to institutional fragmentation, unequal access to public
goods, labor market dualism, and regional development imbalances. While these studies
provide important insights, they tend to focus on traditional socio-economic and policy
variables and rarely consider the role of environmental or energy-related factors in shaping
income distribution. Therefore, understanding the mechanism by which energy efficiency
affects income inequality is also crucial. Consequently, understanding the dynamic
relationship between inequality and greenhouse gas emissions is important for achieving
sustainable development goals. Iran is not only facing an energy imbalance crisis but also
ranks seventh among the top 10 countries with the highest carbon dioxide emissions
globally. Various development programs have been developed, formulated, and
implemented in Iran several times, but the results indicate that inequality still exists at the
provincial level and the desired outcomes have not been achieved. Poverty remains higher
in certain regions of Iran compared to others, and people lack sufficient access to essential
facilities for development and income enhancement. The aim of this study is to investigate
the interrelationship between carbon efficiency and income inequality in the provinces of
Iran. This study is one of the few studies that simultaneously examine the effect of carbon
efficiency on income inequality and the effect of income inequality on carbon efficiency.
Understanding the dynamic relationship between carbon efficiency and income inequality
not only provides new evidence on the determinants of carbon efficiency and income
inequality but also helps policymakers formulate specific policies to reduce income
inequality and increase carbon efficiency. In addition, analyzing the results by province

provides more information for policymaking that accords with local conditions.

2. Materials and Methods

To show the interrelationship between carbon efficiency and income inequality, a Spatial
Simultaneous Equation Model (SSEM) that takes into account the influence of neighboring
provinces on each other is used. In the SSEM, it is possible to analyze the correlation and

relationship between carbon efficiency and income inequality by considering the influence
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of provinces on one another and spatial spillover effects. To achieve this goal, first, the

total factor carbon efficiency (TFCEE) of Iranian provinces is calculated using the Data
Envelopment Analysis (DEA) method. Then, the equations of total factor carbon efficiency
and income inequality are estimated by considering the interactions between them, using

the GS2SLS method for three provincial groups (high-, middle-, and low-income).

3. Data
The statistical population in this study comprises the provinces of Iran, which were studied
during the period 2006-2018. Data related to the provinces were collected from the

Statistical Center of Iran.

4. Discussion

The results of the cointegration test indicate that there is a long-run relationship between
the model variables in the carbon efficiency and income inequality equations. Additionally,
the results of the Moran test confirm the spatial correlation in carbon efficiency and income
inequality. The estimation of the SSEM using the GS2SLS method shows that reducing
income inequality significantly leads to an improvement in carbon efficiency in low-
income provinces. Increasing income inequality significantly leads to an improvement in
carbon efficiency in the middle-income provinces group. Improving carbon efficiency in
middle- and low-income provinces significantly leads to a reduction in income inequality.
This is mainly due to the positive correlation between energy efficiency and social
efficiency. Therefore, the analysis shows that there is a reciprocal relationship between
carbon efficiency and income inequality in middle- and low-income provinces. In high-
income provinces, carbon efficiency has a significant effect on income inequality, whereas

income inequality has no significant effect on carbon efficiency.

5. Conclusion

To formulate appropriate policies, it is recommended that policymakers adapt their
strategies to local conditions to simultaneously reduce income inequality and increase
carbon efficiency. Strengthening income redistribution and social security systems in low-
income provinces will help increase carbon efficiency. It is recommended that income
redistribution policies in middle-income provinces be accompanied by complementary
policies to increase carbon efficiency, such as economic growth policies and improvements
to the industrial structure. Policies focused on improving carbon efficiency, increasing

employment, and driving industrialization can help reduce income inequality in middle-
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and low-income provinces. Industrialization leads to a reduction in income inequality in all

groups, but it is recommended that this strategy be adopted in high-income provinces
alongside complementary policies to improve carbon efficiency. Policies aimed at
increasing employment among middle- and low-income populations lead to improved

carbon efficiency.
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Tab. 4: Statistical Summary of the Data
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Tab. 5: Total Factor Carbon Efficiency (TFCEE) of Iranian Provinces
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Tab. 6: Statistical Description of Total Factor Carbon Efficiency (TFCEE) of Iranian
Provinces
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Tab. 7: Pesaran's Cross-Sectional Dependence Test
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Tab. 8: Im-Pesaran-Shin Unit Root Test
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Tab. 9: Cointegration Test
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Tab. 10: Moran's Autocorrelation Test
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Tab. 11: Model Selection Test
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Tab. 12: Spatial Estimation of Carbon Efficiency Equation Using GS2SLS Method
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Tab. 13: Spatial Estimation of Income Inequality Equation Using GS2SLS Method
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