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Abstract

The Ecological Footprint Index measures the human demand for
natural resources, which leads to climate change, biodiversity loss, soil
degradation, and environmental pollution. This study uses data from

Y4A+ to Y+ Y\ and the Threshold Autoregressive (TAR) method to

examine the effects of energy consumption, economic growth,
globalization, and financial development on the ecological footprint in
Iran. The results reveal that the impact of variables on the ecological

footprint depends on the initial energy consumption threshold (¥,”

exajoules). In both lower and higher regimes of this threshold, energy
consumption and globalization positively and significantly contribute
to increasing the ecological footprint, with these effects being
significantly amplified in the higher regime. Additionally, economic
growth significantly impacts the ecological footprint only in the higher
regime, indicating the adverse effects of advanced economic
development on the environment. Financial development, on the other
hand, negatively and significantly affects the ecological footprint in
both regimes, demonstrating its potential to reduce environmental
pressures. However, this mitigating effect is stronger in the lower
regime. Therefore, it is essential to devise effective strategies to reduce
fossil fuel consumption and improve energy efficiency during advanced
stages of economic growth to alleviate environmental pressures.
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Introduction

Unaware exploitation of natural resources and increased pollution have
caused environmental problems, and the rising ecological footprint can
reveal many of these issues. The ecological footprint can be used to
examine the distribution and limitations of natural resources at the
global level. This index is measured in global hectares, representing the
biocapacity of regions (the ability to produce biological resources and
absorb waste), and has been developed due to the inadequacy of
financial measurements in accounting for the depletion of natural
capital reserves. Some studies have shown that economic growth and
fossil fuel consumption affect the ecological footprint. In addition to
these factors, globalization and financial development can also be
considered important variables for environmental changes. This
research emphasizes the threshold effect of energy consumption,
globalization, and financial development on environmental quality,
which is a relatively new concern in the relationship between economic
growth and the environment; because potential asymmetries in
environmental degradation may arise due to the complexity of
economic systems, especially in countries like Iran. More specifically,
environmental degradation primarily depends on macroeconomic
factors (such as the stage of the business cycle and product market
regulations), while energy consumption and financial development
depend on domestic conditions as well as the global energy market, and
globalization relates to foreign policies.

Methods and Material
In this study, inspired by the work of Pata & Yilanci (Y+Y+), Model

(V) is used to examine the relationship between macroeconomic
variables and the ecological footprint in Iran during the period Y4A« to
Yo YN

Q) EF = (GDP, EC, FD, KOF)

The dependent variable of the study is the per capita ecological
footprint (EF) measured in global hectares, with data extracted from the
Global Ecological Footprint Network. The explanatory variables

include per capita gross domestic product (GDP) (in constant Y+ & US
dollars), primary energy consumption (EC) (in exajoules), financial
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development index (FD) (a composite of institutional and financial
market indicators provided by the International Monetary Fund), and
the economic globalization index (KOF) (published by the KOF
Institute). GDP data were collected from the World Bank, and energy
consumption data were gathered from British Petroleum’s statistical
reports. To investigate the relationship among these variables and
identify possible nonlinear structures, the Threshold Autoregressive
(TAR) approach was employed. This method allows analysis of the
impact of independent variables on the dependent variable across two
or more different regimes, where the distinction between these regimes
Is based on the level of a threshold variable.

Results and Discussion

To investigate the long-term relationships among the study variables
and to avoid spurious regression, the augmented Dickey-Fuller test was
first conducted to examine the stationarity of the variables. The results
showed that all variables are non-stationary at level but stationary at

first difference; in other words, at the 407. confidence level, the model

variables in equation (1) are integrated of order one, I(}). Subsequently,

the Fisher-Johansen cointegration test was performed, and its results
indicated the existence of a long-term relationship among the variables,
confirming three cointegration vectors in the model. To ensure the
validity of the model estimation, the Durbin-Wu-Hausman test was
used to check the exogeneity of the explanatory variables. The findings
showed that none of the key model variables, including per capita GDP,
energy consumption, financial development, and economic
globalization, have a significant correlation with the error term.
Therefore, they can be considered exogenous variables. Next, to
identify the threshold variable and determine the presence of a regime
structure in the data, the residual sum of squares (SSR) criterion was
applied. The analysis results revealed that primary energy consumption
(EC) had the lowest SSR value and was selected as the threshold
variable. The Bai-Perron structural break test also confirmed the
existence of a significant breakpoint and separation of two regimes. The
estimated energy consumption threshold was 1,vA in logarithmic scale

(equivalent to v.» exajoules). After identifying the regimes, the final

model was estimated at two levels of energy consumption (below and
above the threshold). The findings from the model estimation showed
that:
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Primary energy consumption has a positive and significant effect on
the ecological footprint in both regimes. However, the intensity of this
effect is greater in the regime above the threshold (coefficient . v vs.

+,YA), indicating increased environmental pressure under high energy

consumption conditions. This result reflects Iran’s high dependency on
fossil resources and their significant share in pollutant emissions.

Economic growth has a positive and significant effect on the
ecological footprint only in the regime above the threshold. Under these
conditions, the increase in GDP is accompanied by higher energy
consumption and expanded industrial activities, leading to greater
environmental degradation. Conversely, in the regime below the
threshold, this relationship is not significant and even has a negative
coefficient, which may be due to limited scale effects and efficiency
improvements in the early stages of economic growth.

Financial development has a negative and significant effect on the
ecological footprint in both regimes, with a stronger impact at lower
levels of energy consumption. This finding suggests that financial
system development can help reduce environmental pressures by
providing capital for environmental projects, improving green
infrastructure, and supporting technological innovations.

Economic globalization has a positive and significant effect on the
ecological footprint in both regimes, but the intensity of this effect is
greater in the high energy consumption regime. This finding indicates
that increased trade interactions and foreign investments without
environmental considerations exacerbate environmental degradation.
In particular, this result may support the “pollution haven™ hypothesis,
which refers to the transfer of polluting industries to developing
countries.

Conclusion

The results showed that the impact of variables on the ecological
footprint depends on the level of energy consumption, such that the
energy consumption threshold was estimated at y,yA (equivalent to v.»

exajoules), and the structure of relationships differs in the two regimes
below and above this level. In the first regime, where energy
consumption is below the threshold, economic globalization has a
positive but limited effect on the ecological footprint, whereas in the
second regime, upon crossing the threshold, the intensity of
globalization’s impact significantly increases. Financial development
has a negative and significant effect on the ecological footprint in both
regimes, indicating its positive role in environmental improvement.
Economic growth has a positive and significant effect on the ecological
footprint only in the second regime—that is, at higher levels of energy
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consumption—and this relationship is not significant in the first regime.
Based on these results, it is recommended that under high energy
consumption conditions, more precise monitoring and control of
globalization’s environmental effects be implemented and binding
environmental regulations be developed; financial development be
directed towards environmentally friendly activities and low-carbon
projects; economic growth policies be adjusted to increase energy
efficiency and comply with sustainable development principles; and
finally, adopting combined policies based on controlling energy
consumption, strengthening green financial development, and
intelligent globalization management can be effective in reducing the
ecological footprint.

Keywords: Ecological Footprint, Energy Consumption Threshold,
Globalization, Financial Development.
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