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Objective: This study aims to examine the impulsive effects of sustainable
development on carbon dioxide emissions in Iran, emphasizing the role of economic
globalization and institutional quality.

Methodology: The study is applied in purpose and descriptive—analytical in nature,
employing a post-event research design. Iran constitutes the statistical sample, and
annual data covering the period 1991-2024 were analyzed. A Structural Vector
Autoregression (SVAR) model was estimated using EViews software to capture the
dynamic interactions among variables. Phillips—Perron unit root tests were conducted
to assess stationarity, followed by Johansen cointegration tests to identify long-run
equilibrium relationships. Key variables included carbon dioxide emissions,
sustainable development, economic globalization (trade), institutional quality,
financial development, capital formation, labor participation, and money supply.
Findings: The SVAR estimation results indicate that shocks originating from
sustainable development exert a statistically significant negative effect on carbon
dioxide emissions. In addition, shocks related to economic globalization show a
significant long-run impact on environmental pollution. The structural coefficients are
statistically significant, and impulse response functions confirm that the effects of
shocks diminish over time.

Conclusion: The results suggest that strengthening sustainable development,
particularly in conjunction with trade openness and improved institutional quality, can
play a crucial role in reducing carbon dioxide emissions in Iran.
Keywords: Sustainable development, carbon dioxide emissions,
globalization, institutional quality, structural vector autoregression
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EXTENDED ABSTRACT
Introduction

In recent decades, escalating environmental challenges—most notably climate change and global
warming—have intensified scholarly and policy attention toward the relationship between economic
activity and environmental quality. Carbon dioxide (CO:) emissions, as the dominant anthropogenic
greenhouse gas, have become a central indicator for assessing environmental degradation and
sustainability trajectories. While economic growth, industrialization, and trade liberalization are widely
recognized as engines of development, they are also closely associated with rising energy consumption
and environmental pressures, particularly in developing and resource-dependent economies (Ahmed et al.,
2019; Deliri, 2020; Tarazkar et al., 2020). This duality has placed the concept of sustainable development at
the core of contemporary economic and environmental discourse.

Sustainable development emphasizes the integration of economic growth, social equity,
institutional quality, and environmental protection in a manner that ensures intergenerational equity.
Within this framework, renewable energy deployment, green technological innovation, human capital
development, and environmentally oriented financial systems are frequently highlighted as mechanisms
for decoupling growth from emissions (Ibrahim et al., 2022; Solmani et al., 2018). Empirical evidence
increasingly suggests that such mechanisms can mitigate environmental degradation, although their
effectiveness varies significantly across countries depending on structural and institutional conditions
(Hunjra et al., 2020; Khan et al., 2020).

A critical strand of the literature focuses on natural resource abundance and its environmental
implications. Resource-rich economies often face the paradox of natural resource abundance, whereby
dependence on extractive industries constrains diversification, weakens institutions, and exacerbates
environmental damage (Foroud Bayat Baghai et al., 2022; Zahra, 2021). In these contexts, carbon-intensive
production structures and rent-seeking behaviors can undermine sustainable development objectives.
However, several studies argue that strong institutional frameworks and prudent resource governance can
redirect resource rents toward productive and environmentally friendly investments, thereby moderating
negative ecological outcomes (Bagheri et al., 2019; Kwenda & Chinoda, 2019).

Economic globalization and trade openness constitute another pivotal dimension in the
sustainability—emissions nexus. On the one hand, globalization can intensify emissions through scale
effects, increased transportation, and expanded industrial activity. On the other hand, it may foster
technology transfer, efficiency gains, and access to cleaner production methods, generating offsetting
environmental benefits (Ahmed et al., 2021; Faghimajidi et al., 2019). The net environmental impact of
globalization thus remains an empirical question, contingent on domestic production structures, regulatory
capacity, and technological readiness (Parsa Sharif et al., 2021; Wang & Wu, 2024).

In parallel, financial development and innovation-driven growth models—particularly those
associated with Industry 4.0 and the knowledge-based economy—have reshaped debates on sustainable
industrial value creation. Digitalization, circular economy practices, and green innovation are increasingly
viewed as levers for reducing carbon intensity while sustaining competitiveness (Appolloni et al., 2021; Kiel
et al., 2020; Koh et al., 2019). Recent evidence further indicates that well-designed carbon mitigation



policies can stimulate both the quantity and quality of green technological innovation (Li et al., 2024;
Mehmood et al., 2024; Zou et al., 2025).

Within this broad literature, Iran represents a particularly relevant case. The economy’s historical
reliance on fossil fuel resources, high energy intensity, and exposure to external shocks have contributed
to persistent environmental challenges. At the same time, Iran possesses substantial potential for
renewable energy expansion, human capital accumulation, and green innovation, suggesting that
sustainable development pathways are feasible if supported by coherent policies and institutional reforms
(Afshar Jahanshahi et al., 2020; Delaram Mehrpour Shijani et al., 2023; Seifollahi & Seifollahi, 2021). Despite
this relevance, existing studies have largely relied on static or long-run approaches and have paid limited
attention to the dynamic and shock-driven interactions among sustainable development, globalization, and
CO: emissions. Addressing this gap, the present study adopts a structural vector autoregression framework
to analyze the impulsive effects of sustainable development on carbon dioxide emissions in Iran, with
particular emphasis on the role of economic globalization and institutional quality.

Methods and Materials

The study adopts an applied and descriptive—analytical research design and focuses on Iran as a
single-country case study. Annual macroeconomic and environmental data covering the period 1991-2024
were utilized. The empirical strategy is based on a Structural Vector Autoregression (SVAR) model,
which enables the identification of dynamic interactions and impulse responses among endogenous
variables. Prior to estimation, unit root tests were conducted to assess stationarity properties, followed by
cointegration analysis to verify the existence of long-run equilibrium relationships. The optimal lag
structure was selected using standard information criteria, and the stability of the estimated model was
evaluated through characteristic root diagnostics. Key variables included carbon dioxide emissions, a
composite indicator of sustainable development, economic globalization measured through trade
openness, institutional quality, financial development, capital formation, labor participation, and money
supply.

Findings

The empirical results indicate that shocks to sustainable development exert a statistically
significant negative effect on carbon dioxide emissions in Iran. Impulse response analysis reveals that an
improvement in sustainable development indicators leads to an immediate decline in CO2 emissions, with
the strongest effects observed in the short run and gradually diminishing over time. This pattern suggests
that sustainability-oriented policies can yield prompt environmental benefits, although their long-term
persistence depends on continued policy support.

The findings further show that shocks associated with economic globalization have a significant
long-run impact on carbon dioxide emissions. In the lIranian context, increased trade openness is
associated with higher emissions over time, reflecting the predominance of energy-intensive production
and export structures. The results also highlight the conditional role of institutional quality: stronger
institutions amplify the emission-reducing effects of sustainable development shocks and moderate the
adverse environmental consequences of globalization.

Regarding financial development, the analysis suggests a dual effect. Financial expansion without
adequate regulatory oversight tends to increase emissions by facilitating investment in carbon-intensive
activities. Conversely, when coupled with higher institutional quality, financial development contributes
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to emission reduction by supporting cleaner technologies and more efficient resource allocation. Overall,
the SVAR results confirm the presence of meaningful dynamic linkages among sustainable development,
globalization, institutional quality, and environmental outcomes in Iran.

Discussion and Conclusion

The results underscore the importance of adopting a holistic and dynamic perspective when
analyzing the sustainability—emissions nexus in resource-dependent economies. The negative response of
CO: emissions to sustainable development shocks confirms that environmental improvement and
economic progress are not inherently contradictory. Rather, their compatibility depends on the policy mix,
institutional context, and structural characteristics of the economy. The observed short-term strength and
long-term attenuation of sustainability effects highlight the need for policy continuity and institutional
stability to sustain environmental gains.

The long-run positive association between globalization shocks and emissions reflects the
structural realities of Iran’s trade and production patterns. Without significant technological upgrading
and diversification, deeper integration into global markets may reinforce carbon-intensive activities.
However, the moderating influence of institutional quality suggests that governance reforms can alter this
trajectory by enhancing regulatory enforcement, encouraging cleaner production, and facilitating
technology transfer.

The dual role of financial development further emphasizes that finance alone is neither inherently
green nor polluting. Its environmental impact is shaped by the regulatory and institutional framework
within which it operates. Channeling financial resources toward renewable energy, energy efficiency, and
green innovation requires deliberate policy design and credible institutional commitment.

In conclusion, the study demonstrates that sustainable development plays a crucial role in reducing
carbon dioxide emissions in Iran, particularly when supported by strong institutions and coherent
economic policies. Globalization and financial development can either hinder or support environmental
objectives depending on how they are managed. These findings highlight the value of dynamic, structural
approaches in environmental economics and provide policy-relevant insights for designing integrated
strategies that align economic development with long-term environmental sustainability.
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