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Introduction

The world is currently grappling with an extraordinary crisis characterized by
the degradation of natural resources, escalating environmental pollution,
climate change, and the depletion of fossil fuels. This has sparked widespread
public concern over environmental quality, prompting considerable efforts to
pinpoint the driving forces behind environmental degradation. Economic
growth is often linked to environmental damage as it amplifies resource
consumption and greenhouse gas emissions. The relationship between
economic growth and environmental impact is frequently analyzed through
the Environmental Kuznets Curve (EKC) hypothesis (Danish et al., 2019),
which suggests that while environmental harm worsens in the early stages of
economic development, after a certain income level is reached, further growth
can actually mitigate environmental damage. One key factor in reducing
pollution is the rising demand for environmental protection from the public
(Grossman & Krueger, 1996), widely regarded as the main driver behind the
EKC’s downward slope (Barrett & Graddy, 2000). Public awareness plays a
crucial role, as more equal societies tend to prioritize environmental quality
due to easier access to environmental information. In contrast, income
inequality can influence public policy by altering the preferences of the
median voter, with economically disadvantaged voters likely prioritizing
material well-being over environmental concerns and being less willing to
bear the associated costs (Ridzuan, 2019). Thus, income inequality
significantly affects the relationship between economic growth and
environmental pollution.
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Methodology

In this study, we empirically examine the impact of income inequality on the
relationship between economic growth and environmental pollution in Iran from
1984 to 2021, using the nonlinear Smooth Transition Regression (STR) model
and the per capita Ecological Footprint (EF) pollution index. The Ecological
Footprint (EF) is currently regarded as a comprehensive and crucial measure of
environmental degradation, as it encompasses the total biological capacity needed
to produce the resources consumed by a country and to absorb the pollution
generated by human activities. The regression equation is specified as follows:
EF, = dw, + (Bw)G(,c,50) + 1)

where EF represents the per capita ecological footprint (as an index of
environmental pollution), and w; is a vector of variables such as GDP (Gross
Domestic Product per capita at constant 2011 prices as an index of economic
growth), GINI (income inequality index), Open (the share of total exports and
imports in GDP), and FUS (per capita fossil fuel consumption).

Here, ¢ = (1, Py b3, Ps) is the vector of linear coefficients, and @ =
(0,,0,,03,0,) is the vector of nonlinear coefficients. Additionally, G is the
transition function, y is the transition speed parameter, c is the threshold level,
and s is the transition variable, which can be any of the model variables, their lags,
or an external variable.

In the Smooth Transition Regression (STR) model, the transition from one regime
to another is characterized by a logistic or exponential function. To apply the STR
model, it is essential first to test for a nonlinear relationship between the variables.
The appropriate transition variable is determined based on theoretical
considerations or statistical tests, and the transition function form is specified
using Taylor expansion coefficients and Terasvirta sequential tests. The model is
estimated using the Newton-Raphson algorithm and the maximum likelihood
method, and is then evaluated through diagnostic tests and graphical analysis.
Income distribution data are sourced from reports by the Statistical Center of Iran.
Per capita ecological footprint data are obtained from the Global Footprint
Network, while per capita fossil fuel consumption data (in kilowatt-hours) are
from the Statistical Review of World Energy. Data on per capita GDP (constant
2011) and trade openness indicators are provided by the Central Bank of the
Islamic Republic of Iran.

Results and Discussion

The results derived from the application of logistic smooth transition regression,
with income inequality as the transition variable, reveal a threshold level of
income inequality at GINI*=0.418777. The coefficients for economic growth in
the two regimes are -0.023549 in the first and +0.031838 in the second. In the first
regime, where income inequality is below the threshold (GINI*), economic
growth reduces the per capita ecological footprint. However, once income
inequality surpasses the threshold and a transition occurs to the second regime,
economic growth instead increases the per capita ecological footprint.
Additionally, the second regime, where income inequality exceeds
GINI*=0.418777, shows a stronger effect of economic growth on environmental
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pollution than in the first regime. Importantly, the coefficients for income
inequality, trade openness, and per capita fossil fuel consumption are statistically
significant only in the first regime. In particular, before income inequality reaches
the GINI* threshold, rising income inequality and fossil fuel consumption are
associated with a higher per capita ecological footprint, while greater trade
openness correlates with a reduced per capita ecological footprint.

Conclusion

The findings of this study highlight the dual impact of economic growth on the
per capita ecological footprint within a two-regime framework. In the first regime,
where income inequality remains below the threshold of GINI* = 0.418777,
economic growth contributes to a reduction in the ecological footprint. However,
once income inequality surpasses this threshold, entering the second regime,
economic growth instead drives an increase in the per capita ecological footprint.
Notably, the reduction in environmental pollution during the first regime is
smaller in magnitude than the increase observed in the second regime. These
results indicate that when income inequality is kept below the GINI* threshold,
growth-oriented macroeconomic policies can effectively mitigate environmental
pollution. Thus, it is advisable for economic planners and policymakers to focus
on reducing income inequality while pursuing growth strategies to promote a
more sustainable reduction in environmental pollution.

Keywords: Ecological Footprint, Economic Growth, Income Inequality, Smooth
Transition Regression, Iran.
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