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The aim of this study is to investigate the impact of the informal economy or
the ecological footprint in Iran from 1990 to 2020. The Structural Vecto
Autoregression (SVAR) method is used to analyze dynamic relationship:
among Vvariables. Estimation results show that the informal economy has :
negative and significant effect on the ecological footprint, meaning that it
recent decline has reduced environmental pressures. Trade openness
urbanization, industrialization, and economic growth have positive anc
significant effects on the ecological footprint. However, the squared term o
economic growth shows a negative effect, supporting the Environmenta
Kuznets Curve hypothesis. Impulse response functions and varianct
decomposition confirm the long-term findings. In conclusion, controlling
informal activities and implementing sustainable development policies cat
effectively help reduce environmental degradation in Iran.
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1. Introduction

Environmental degradation and the failure to achieve sustainable development have
emerged as critical challenges confronting societies in recent decades. Climate
change and environmental deterioration represent significant threats affecting
production activities, social structures, ecosystems, and economic performance. The
scarcity of natural resources resulting from excessive human activities further
compounds these problems.

The ecological footprint serves as a comprehensive indicator for assessing
environmental quality, measuring the pressure human activities exert on the
environment through goods and services production. Higher ecological footprint
values indicate greater environmental degradation, while lower values suggest
improved environmental quality.

The informal economy encompasses economic activities conducted outside legal
frameworks, typically unrecorded in official statistics and not subject to taxation.
The shadow economy constitutes a fundamental challenge across societies,
comprising approximately 16% of GDP in developed countries and nearly 35% in
developing nations. Characteristics such as tax evasion, inefficient resource
allocation, and commodity smuggling represent prominent features of informal
economies.

While numerous studies have examined the relationship between the informal
economy and environmental degradation, significant research gaps remain. Most
international studies have focused on other regions, with limited time-series research
specifically addressing Iran's economy. Additionally, previous domestic research has
predominantly utilized carbon dioxide emissions as a measure of environmental
degradation, whereas the ecological footprint offers a more comprehensive indicator.
The contribution of this research lies in its dynamic investigation of the informal
economy's impact on the ecological footprint in Iran during 1990-2020, employing
the comprehensive ecological footprint index and SVAR methodology to identify
structural shocks and assess their environmental effects. This study provides novel
empirical evidence and offers policy-relevant insights for sustainable development
in Iran.

The ecological footprint evaluates human pressure on the environment across six
components: forest lands, pastures, croplands, water areas, and the carbon footprint.
The shadow economy refers to economic activities outside official legal frameworks,
influenced by factors including tax avoidance, regulatory complexity, institutional
inefficiency, and administrative corruption.

Countries with substantial informal economies typically face developmental
challenges including higher poverty levels, lower per capita income, limited progress
toward sustainable development, greater inequality, weaker human capital, and
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poorer governance quality. The expansion of informal economies is associated with
increased carbon emissions, greater fossil fuel consumption, and reduced forest
coverage.

The Environmental Kuznets Curve hypothesis posits an inverted U-shaped
relationship between economic growth and environmental degradation. At early
development stages, economic growth increases environmental pressure, but beyond
a certain income threshold, further growth is associated with environmental
improvement through technological advancement and stricter environmental
regulations.

2. Methodology

Data and Variables: This study employs annual time series data from 1990 to 2020
for Iran. Data sources include the Global Footprint Network, World Bank Open Data
platform, and the Tlbingen University Applied Research Center.

The dependent variable is the ecological footprint (EF), measured in global hectares
per capita. Independent variables include the informal economy (IE) as a percentage
of GDP, trade openness (FT) as the ratio of total trade to GDP, urbanization (URB)
as the percentage of urban population, industrialization (IND) as industrial value
added as a percentage of GDP, economic growth (GDP) as the annual real GDP
growth rate, and squared economic growth (GDPP), included to test the EKC
hypothesis.

The econometric model is specified as follows:

EF; = Bo + PBilE; + B2FT; + fsURB; + B4aIND; + BsGDP; + fsGDPP; + &

Econometric Approach: The Structural Vector Autoregression (SVAR) model is
employed to enable analysis of dynamic relationships and identification of structural
shocks. The variables are ordered recursively: IE, FT, URB, IND, GDP, GDPP, and
EF. This yields a lower-triangular matrix with 21 zero restrictions, meeting the
minimum requirements for model identification.
Estimation Techniques: The Zivot-Andrews unit root test incorporating structural
breaks ensures stationarity. The Schwarz-Bayesian Information Criterion determines
the optimal lag length. Impulse response functions examine dynamic responses over
a 10-period horizon, while variance decomposition identifies the relative
contribution of each shock to the ecological footprint's forecast error variance.

3. Results & Discussion

Descriptive Statistics: During 1990-2020, the ecological footprint averages 2.73
global hectares per capita. The informal economy averages 17.17% of GDP, trade
openness averages 43.77%, urbanization averages 66.96%, industrialization
averages 40.47%, and economic growth averages 3.62%.
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SVAR Estimation Results: The model with one optimal lag is stable. Key findings
reveal that the informal economy has a negative and significant effect on the
ecological footprint. The gradual decline in the informal economy's share from
approximately 17-18% to around 15% of GDP has reduced environmental pressures
through enhanced government oversight and reduced polluting activities.

Trade openness, urbanization, industrialization, and economic growth have positive
and significant effects on the ecological footprint. However, the squared economic
growth term has a negative and significant effect, confirming the Environmental
Kuznets Curve hypothesis in Iran.

Impulse Response Functions: Informal economy shocks become negative and
significant from the eighth period onward. Trade openness, urbanization,
industrialization, and economic growth shocks show positive effects that become
significant from later periods. Squared economic growth shocks show negative
effects from the third period.

Variance Decomposition: Informal economy shocks explain approximately
50.92% of the ecological footprint's variance initially, declining to 43.41% by period
ten. Urbanization shocks increase from 1.85% to 26.01%, while industrialization
shocks increase from 0.07% to 9.84%.

The negative relationship between the informal economy and ecological footprint
reflects the gradual contraction of informal activities in Iran, facilitated by increased
government oversight and expansion of formal employment. This has reduced
polluting activities, energy consumption, and excessive resource exploitation,
consequently lowering environmental pressure.

The positive effects of trade openness, urbanization, industrialization, and economic
growth align with theoretical expectations. The confirmation of the EKC hypothesis
indicates that while early development stages increase environmental pressure,
sustained growth beyond a threshold can lead to environmental improvement
through technological advancement and structural transformation.

The substantial explanatory power of informal economy shocks (approximately 43%
in the long run) underscores the importance of addressing informal sector activities
in environmental policy design for Iran.

4. Conclusion and Policy Implications

This study investigates the informal economy's impact on the ecological footprint in
Iran during 1990-2020 using the SVAR methodology. The results demonstrate that
the informal economy has a negative and significant effect on the ecological
footprint, primarily due to its gradual decline. Trade openness, urbanization,
industrialization, and economic growth have positive and significant effects. The
squared economic growth term confirms the EKC hypothesis in Iran.

Based on these findings, several policy recommendations are proposed.
Policymakers should further reduce the informal sector through strengthened
government oversight, expanded formal employment opportunities, simplified tax



Journal of Econometric Modelling 2026, 11(2): 129-178 133

systems, and elimination of polluting informal activities such as fuel and mineral
smuggling. Trade development should be guided toward clean technologies by
reducing tariffs for clean technology imports while increasing tariffs for polluting
products. Urban infrastructure should be developed with emphasis on clean public
transportation, efficient building energy systems, green spaces, and modernized
water networks. Industrial development should prioritize energy efficiency and clean
technologies through research and development investment, stringent environmental
standards, and tax incentives for clean industries. Economic growth should be
aligned with environmental considerations through public awareness campaigns,
effective environmental law enforcement, investment in green technologies, and
transition toward a low-carbon economy. Additionally, improving resource
productivity through renewable energy development, strengthening environmental
law enforcement, increasing environmental investments, and modernizing
infrastructure are essential for sustainable development in Iran.
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