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Abstract

Purpose: Rising energy consumption, increasing environmental pollution, and regional disparities have made sustainable development a
major challenge for the Iranian economy. In this context, evaluating provincial performance in terms of environmental efficiency and green
productivity can provide valuable insights for regional policymaking and resource allocation. Although numerous studies have examined
energy efficiency and environmental performance, limited attention has been devoted to the simultaneous assessment of green efficiency,
productivity dynamics, and their determinants across Iranian provinces over an extended period. Therefore, this study aims to analyze the
dynamic evolution of green efficiency and productivity across Iranian provinces and identify the factors influencing their performance.

Methodology: This applied research utilized data from 30 Iranian provinces covering the period from 2006 to 2023. Green efficiency was
measured using the Slack-Based Measure Data Envelopment Analysis (SBM-DEA) model, where gross domestic product was treated as a
desirable output and carbon dioxide emissions as an undesirable output. The Malmquist Productivity Index was employed to evaluate
productivity changes over time. Furthermore, a Tobit regression model with time-fixed effects was estimated to identify the determinants
of green efficiency. Variables such as energy intensity, industrialization, investment in clean technologies, sanctions, and other structural
factors were incorporated into the analysis.

Findings: The results revealed that the average green efficiency score of Iranian provinces was 0.768, and none of the provinces achieved
full efficiency. Tehran, Isfahan, and Yazd exhibited the highest efficiency levels, whereas Kurdistan, Kohgiluyeh and Boyer-Ahmad, and
Sistan and Baluchestan recorded the weakest performance. The Malmquist analysis indicated a gradual improvement in green productivity
over the study period, mainly driven by gains in technical efficiency and technological progress. The Tobit regression results further showed
that energy intensity and sanctions have significant negative effects on green efficiency, whereas industrialization and investment in clean
technologies have significant positive effects.

Originality/Value: This study integrates environmental efficiency assessment, dynamic productivity analysis, and determinant evaluation
within a unified analytical framework to provide a comprehensive picture of green performance across Iranian provinces. Its primary
contribution lies in revealing regional disparities in green development and disentangling the respective roles of managerial improvements
and technological progress in productivity enhancement. The findings offer practical implications for policymakers seeking to reduce
energy intensity, promote clean technologies, and foster more balanced and sustainable regional development.
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Table 2- Output variables (outputs).
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Table 3- Explanatory variables of the Tobit model.
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Table 4- Descriptive statistics of research variables.
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Table 5- Average green efficiency scores of Iranian provinces (2006-2023).
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Table 5- Continued.
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Table 6- Average Malmquist productivity index in different periods (2006-2023).
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Table 7- Average Malmquist Productivity Index for selected provinces (2006-2023).
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Table 8- Tobit regression results (dependent variable: SBM efficiency).
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