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Abstract

This This study employs a Dynamic Computable General Equilibrium
(DCGE) model, Iran’s Y+Y) Social Accounting Matrix (SAM), and Y4VY.—
Y+ YY time-series data analyzed in R software to examine how uncertainties
in hydroelectric energy consumption, urbanization, natural resource rents,
industrial output, and per capita income impact Iran’s ecological footprint.
Using Monte Carlo simulations, five scenarios were tested, each simulating
a 7. increase in one variable while holding others constant. The results reveal
that a ©7 rise in hydroelectric energy consumption (Scenario ) reduces the
ecological footprint by Y,)Y£7, underscoring the importance of clean energy
in mitigating environmental degradation. In contrast, urbanization (Scenario
Y) leads to a negligible increase (Y.£1E-+7 %), suggesting efficient urban
planning may be minimizing ecological strain. Natural resource rents
(Scenario Y) have the most adverse effect, increasing the footprint by ¥,V YYZ,
which reflects the environmental costs of unregulated resource extraction.
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Meanwhile, industrial output (Scenario ¢) shows only a marginal impact
(+>++Y7), likely due to the adoption of green technologies, and per capita
income (Scenario °) contributes a minimal increase (),Y¢E-+°%). These
findings highlight the need for policies that prioritize renewable energy
adoption, sustainable resource management, and green industrial practices to
reduce Iran’s ecological footprint effectively.

Introduction

The ecological footprint serves as a crucial metric for assessing human
pressure on ecosystems. First introduced by Wackernagel (Y49¢) and
Rees (Y441), this innovative indicator quantifies environmental
limitations and the degree to which humanity exceeds Earth's carrying
capacity. It comprehensively measures human impact across six key
dimensions: agricultural land, pastures, fisheries, forests, carbon
emissions, and built infrastructure. At its core, this metric compares
humanity's resource consumption and waste generation against the
biosphere's regenerative capacity, expressed in terms of the land area
required to maintain ecological balance.The rapid pace of urbanization
has intensified global environmental challenges, creating a fundamental
tension between urban development and natural systems. Modern cities
increasingly dominate landscapes with buildings, industries,
transportation networks, and economic activities, often at the expense
of natural environments. This urban-nature conflict manifests most
visibly in widespread pollution and ecosystem degradation. The
ecological footprint framework provides cities with valuable tools to
pursue sustainable development by quantifying environmental impacts
and guiding policy decisions.This study specifically investigates how
uncertainties in five critical factors - urbanization rates, hydroelectric
energy consumption, natural resource rents, industrial production, and
per capita income - influence Iran's ecological footprint. Through
rigorous analysis, we aim to identify optimal strategies for managing
these impacts and steering Iran toward more sustainable development
pathways.

Methods and Material

This study employs a Dynamic Computable General Equilibrium
(DCGE) model, rooted in Walrasian general equilibrium theory
(Walras, YAY£), to conduct comprehensive economic analysis across
multiple sectors. As an implementation of pure equilibrium theory in



¥ 0Ken 5 Ugl o 3 (S31 515 pb ok 55 33 31 ) p33 3 Jg okt 5 (S5 5

practical settings, DCGE models excel at capturing inter-sectoral
relationships and agent interactions within real-world economies. Their
particular strength lies in simulating how endogenous variables respond
to exogenous shocks while maintaining full consistency with empirical
data and accounting for complex market interconnections. Built upon a
Social Accounting Matrix (SAM) framework, the DCGE approach
offers significant advantages over conventional input-output models by
incorporating complete circular flows of income - including household
behavior, income generation, distribution patterns, and consumption
dynamics - rather than focusing narrowly on production relationships
alone. This makes the DCGE model particularly valuable for policy
analysis and impact assessment in complex economic systems.

Results and Discussion

Our sensitivity analysis reveals crucial insights about how
different factors influence ecological sustainability. The most
significant finding shows that a ©7 increase in hydroelectric energy
consumption reduces ecological footprint by ¥,)Y¢7 demonstrating
renewable energy's vital role in environmental protection. This
substantial reduction occurs because hydropower effectively displaces
fossil fuels, leading to decreased greenhouse gas emissions and
improved air quality.

Table). Sensitivity Analysis Results

o7. increase in hydroelectric

: Y,V
energy consumption

Y o7 increase in urbanization rate Y,¢1E-+0
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v increase in natural resource AFYY

rents

¢ o7 increase in industrial
+ yr e \‘

production

= o7. increase in per capita income V,VEE-+1

The analysis yields several important findings: Urbanization
shows a negligible impact (Y, ¢ VE-* 1%), suggesting that modern urban
planning and efficient infrastructure can successfully mitigate
environmental pressures. However, natural resource extraction presents
serious concerns - a ©/ increase in rents raises footprint by Y,)YYZ,
highlighting the ecological damage from excessive mining and drilling.

More encouraging results emerge from industrial and income
factors. Industrial production's minimal impact (*,**Y%) indicates
successful adoption of cleaner technologies and compliance with
environmental regulations. Similarly, per capita income's marginal
effect ()Y £E-+ 2%) suggests that higher incomes correlate with greater
environmental awareness and more sustainable consumption patterns.

These findings collectively demonstrate that while energy
transition offers the greatest environmental benefits, responsible
resource management and green industrialization are equally crucial for
sustainable development.

Conclusion

An increase in hydroelectric power consumption, as a clean and
renewable energy source, can play a highly significant role in reducing
the ecological footprint. In this scenario, it was observed that a °’
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increase in hydroelectric energy consumption led toa Y,V Y £7 reduction
in the ecological footprint. This reduction clearly demonstrates that
hydroelectric power can serve as an effective substitute for fossil fuels,
which have numerous negative environmental impacts. The increase in
urbanization rate showed only a marginal effect on ecological footprint
growth, causing just a ¥,¢1E-+77 increase. This indicates that while
urbanization may exert pressure on natural resources, when
infrastructure is effectively managed, its negative impacts remain
limited.
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