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strong dependence on fossil fuels, has imposed significant environmental pressures on Iran. The
concentration of population and economic activities in urban areas, along with the increase in energy
demand and the development of transportation, has led to an increase in air pollution and carbon
dioxide emissions. The main objective of this research is the assessment of the environmental
consequences of energy consumption patterns in Iran, with emphasis on the role of economic growth,
fossil fuel consumption, and urbanization within the framework of the Environmental Kuznets Curve
hypothesis.

Method: This study is applied in terms of purpose and descriptive-analytical in terms of nature.
Annual time-series data of Iran during the period 1980 to 2022 have been used to examine short-
term and long-term relationships among the variables. Per capita carbon dioxide emissions are
considered as the environmental degradation index, while economic growth, fossil fuel consumption,
and urbanization are considered as explanatory variables. Considering the mixed order of integration
of the variables, the autoregressive distributed lag approach and the error correction model have been
used for empirical estimation.

Results: The nonlinear inverted U-shaped relationship between economic growth and environmental
degradation confirms the Environmental Kuznets hypothesis. Fossil fuel consumption (0.62) is the
most important factor in the increase of CO2. Urbanization (0.29) has a positive effect on the
intensification of pollution, which is due to unbalanced urban expansion, concentration of pollutants,
and weak clean transportation. In the short term, shocks of economic growth (0.41), fuel
consumption (0.37), and urbanization (0.18) intensify environmental pressure. The error correction
term (0.53) shows that more than 50 percent of the disequilibrium is adjusted in each period.
Conclusions: Environmental degradation in Iran is not merely the result of economic growth, but
has its roots in the energy consumption pattern and the spatial structure of urbanization. Although
long-term improvement of the environment is possible, without targeted policy intervention, it will
be slow and costly. Controlling and reducing pollution requires reforming the energy consumption
pattern, reducing dependence on fossil fuels, and directing urbanization toward sustainable and
environmentally compatible patterns.
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Introduction

Rapid growth in energy consumption, economic expansion, and accelerating urbanization over recent
decades have imposed significant environmental pressures on developing countries, with Iran as a prominent
case in point. Due to its oil-based economy, heavy dependence on fossil fuels, and the growing concentration
of population and economic activities in urban areas, Iran faces serious challenges related to air pollution and
environmental degradation. Carbon dioxide (CO:) emissions, as one of the key indicators of environmental
pollution, have shown a persistent upward trend and have increasingly become a spatial-environmental issue,
particularly in large metropolitan areas such as Tehran, Isfahan, Mashhad, and Tabriz.

According to data from the World Bank (2023), Iran's CO- emissions increased from approximately 370
million tons in 2000 to over 760 million tons in 2018-2019, placing Iran among the top ten countries in the
world in terms of total CO. emissions. On a per capita basis, CO. emissions in Iran are estimated at 8-9 tons
per person per year, which is significantly higher than the global average. This situation indicates that the
environmental pressure resulting from economic activities in Iran is considerable and alarming relative to the
country's level of economic development.

Within this context, examining the relationship between economic growth, energy consumption patterns,
and urbanization in relation to environmental degradation-especially within the framework of the
Environmental Kuznets Curve (EKC) hypothesis-can provide valuable insights into Iran's environmental
dynamics and potential pathways for pollution control. The EKC hypothesis, first proposed by Grossman and
Krueger (1992), suggests an inverted U-shaped relationship between economic growth and environmental
degradation: pollution increases in the early stages of development but begins to decline after a certain income
threshold is reached, due to technological improvements, increased environmental awareness, and stricter
environmental regulations.

The main objective of this study is to evaluate the environmental impacts of energy consumption patterns
in Iran, with particular emphasis on the roles of economic growth, fossil fuel consumption, and urbanization,
within the framework of the EKC hypothesis. Specifically, this study seeks to answer the following research
guestions: (1) Is there a long-run equilibrium relationship between economic growth, fossil fuel consumption,
urbanization, and environmental degradation in lIran? (2) Does the EKC hypothesis hold for the Iranian
economy? (3) What is the relative importance of fossil fuel consumption versus urbanization in driving CO2
emissions? (4) How fast does the Iranian environmental-energy-economic system adjust to long-run
equilibrium following short-run shocks?

Method

This study is applied in purpose and descriptive—analytical in nature, employing a quantitative research
approach. Annual time-series data for Iran covering the period 19802022 were collected from authoritative
international sources, including the World Bank (World Development Indicators) and the International Energy
Agency (IEA). The choice of this period was determined by data availability and the desire to cover the most
recent years.

Per capita carbon dioxide emissions were used as an indicator of environmental degradation, while
economic growth (in both linear and nonlinear forms), fossil fuel consumption, and the urbanization rate were
considered as explanatory variables. All variables (except the squared term) were transformed using natural
logarithms to reduce heteroscedasticity and interpret coefficients as elasticities. The theoretical model is
specified as follows:

InCOzt = a0 + o INGDPt + o2 [INGDPt]2 + as InFFt + o INURBt + ut

Stationarity tests (Augmented Dickey-Fuller and Phillips-Perron) indicated that the variables are integrated
of mixed orders, 1(0) and I(1), with no variable integrated of order 1(2). Therefore, the Autoregressive
Distributed Lag (ARDL) modeling approach proposed by Pesaran, Shin, and Smith (2001) was deemed
methodologically appropriate. This method has several advantages: (1) it can be applied regardless of whether
variables are 1(0) or I(1), (2) it is suitable for small sample sizes, (3) it allows simultaneous estimation of short-
run and long-run effects, and (4) it reduces estimation bias.

The ARDL bounds testing procedure was employed to examine the existence of long-run equilibrium
relationships among the variables, while the Error Correction Model (ECM) was used to analyze short-run
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dynamics and the speed of adjustment toward long-run equilibrium. The Akaike Information Criterion (AIC)
was used to select the optimal lag length for each variable.

Results

The results of the bounds test confirmed the existence of a long-run equilibrium relationship between
environmental degradation, economic growth, fossil fuel consumption, and urbanization in Iran. The calculated
F-statistic exceeded the upper critical bound values at the 5% and 1% significance levels, leading to rejection
of the null hypothesis of no long-run relationship.

Long-run Estimates: Long-run coefficient estimates revealed a nonlinear relationship between economic
growth and carbon dioxide emissions. The coefficient of per capita income (InGDP) was positive and
statistically significant (0.84, p<0/01), while the coefficient of its squared term (InGDP?) was negative and
significant (-0/0000007, p<0/01). This finding provides empirical support for the Environmental Kuznets
Curve hypothesis in the Iranian context, indicating that environmental pollution initially increases with
economic growth but begins to decline after a certain income threshold is reached.

Fossil fuel consumption was identified as the most important and dominant factor driving carbon dioxide
emissions in lran, with a coefficient of 0/62 (p<0/01). The large, positive, and statistically significant
coefficient of this variable highlights the decisive role of Iran's fossil fuel-dependent energy structure in
environmental degradation. This result suggests that even if economic growth is achieved, sustainable
environmental improvement will remain unattainable without reforming energy consumption patterns.

Furthermore, urbanization was found to have a positive and statistically significant effect on carbon dioxide
emissions (0/29, p<0/05). This indicates that urbanization in Iran-due to weak green transportation
infrastructure, the concentration of polluting activities, urban sprawl, and high energy consumption-has
intensified environmental pollution rather than alleviated it.

Short-run Dynamics: Short-run ECM results showed that changes in GDP, fossil fuel consumption, and
urbanization all have positive and significant effects on CO. emissions (coefficients of 0.41, 0.37, and 0.18,
respectively, with significance levels of 99% and 95%). This indicates that shocks arising from economic
growth, fossil fuel consumption, and urbanization have immediate and significant increasing effects on carbon
dioxide emissions, demonstrating the rapid and high vulnerability of Iran's environment to economic and
energy-related changes.

The error correction term (ECM(-1)) was negative and statistically significant, with an estimated coefficient
of approximately -0.53 (p<0/01). This indicates that more than 50 percent of environmental disequilibrium is
corrected within one period (one year). This finding suggests that the environment—energy—growth system in
Iran has the capacity to return to its long-run equilibrium path; however, without active and targeted policy
intervention, this adjustment process would be slow and environmentally costly.

Conclusions
Based on the findings of this study, the following conclusions are drawn:

First, the Environmental Kuznets Curve hypothesis is empirically supported for the Iranian economy. This
means that in the early stages of economic growth, environmental pollution increases, but after crossing a
certain income threshold, the potential for environmental improvement emerges. However, the existence of
the EKC does not mean automatic environmental improvement; rather, the structure of growth, energy mix,
and urban development patterns are the key determinants.

Second, fossil fuel consumption is the most important and strongest driver of CO. emissions in Iran. Iran's
energy structure, which is heavily dependent on oil and gas, low energy efficiency, and the negligible share of
renewable energy (less than 2%), has combined to ensure that even small increases in energy consumption
have large effects on pollution. Therefore, any environmental policy without fundamental reform of the energy
consumption pattern is doomed to fail.

Third, urbanization in Iran has a positive and significant effect on environmental degradation. This result
is not a rejection of urbanization as a developmental process, but rather a critique of the unbalanced, unplanned
pattern of urbanization lacking green infrastructure. Concentration of polluting industries in metropolitan
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areas, weak public transportation, urban sprawl, and heavy dependence on private vehicles are the main factors
turning urbanization into an exacerbating factor of pollution.

Fourth, the Iranian economy has the capacity for long-run adjustment and return to equilibrium (with a
speed of adjustment of about 53% per period). However, without active and targeted policy intervention, this
process will be slow and costly.

Fifth, the overall results indicate that environmental degradation in Iran is not merely the outcome of
economic growth, but is fundamentally shaped by energy consumption patterns and the spatial structure of
urbanization. Therefore, sustainable improvement in environmental quality in Iran is more feasible through
reforming energy consumption patterns, improving energy efficiency, reducing dependence on fossil fuels,
and guiding economic growth and urbanization toward environmentally compatible and sustainable pathways,
rather than through restricting economic growth itself.

A methodological caveat should be acknowledged. The time-series data used in this study are at the national
aggregate level; therefore, the analysis cannot directly capture spatial patterns of pollution, such as the
concentration of industries in specific metropolitan areas or the uneven regional distribution of environmental
pressures. While the significant positive coefficient of urbanization suggests that Iran's current urban
development model aggravates emissions, testing the explicit spatial mechanisms (e.g., urban sprawl,
industrial clustering, or transport corridors) requires provincial or city-level data and spatial econometric
techniques (e.g., Spatial ARDL or geographic weighted regression). Hence, the spatial interpretations offered
in earlier discussions are not empirical findings of this paper but rather theoretically informed hypotheses that
warrant future investigation. Researchers are encouraged to examine the spatial organization of economic
activities and its environmental consequences using disaggregated data and spatial panel models.
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