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Introduction

Economic sustainability has emerged as a central pillar of sustainable
development, particularly for developing economies facing structural
vulnerabilities, environmental pressures, and institutional constraints. Sustainable
economic performance is no longer assessed solely through output growth or
capital accumulation; rather, it increasingly depends on an economy’s resilience
to financial shocks, technological transformations, and environmental challenges.
In recent decades, three transformative forces-digitalization, financial
development, and green investment-have played a critical role in reshaping
economic systems and redefining pathways toward long-term sustainability.
Digitalization, driven by advances in information and communication
technologies (ICT), has altered production processes, reduced transaction costs,
enhanced financial inclusion, and improved resource efficiency. Financial
development, through the expansion of financial institutions and markets,
facilitates capital mobilization, innovation financing, and risk diversification,
thereby influencing economic stability and growth dynamics. Meanwhile, green
investment has gained prominence as a mechanism to reconcile economic growth
with environmental protection by directing resources toward renewable energy,
energy efficiency, and low-carbon technologies.

For Iran, the relevance of economic sustainability is particularly pronounced. The
Iranian economy has been characterized by chronic macroeconomic instability,
high dependence on fossil fuels, volatile exchange rates, inflationary pressures,
and institutional inefficiencies. Despite notable progress in ICT infrastructure and
digital connectivity, the contribution of the digital economy to GDP remains
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modest compared to global benchmarks. Simultaneously, rising energy
consumption and greenhouse gas emissions have intensified environmental
concerns, underscoring the urgency of transitioning toward a greener and more
resilient economic structure.

Although a growing body of literature has examined the effects of digitalization,
financial development, and green investment individually, empirical studies that
analyze their combined and interactive effects on economic sustainability-
especially in the context of Iran-remain scarce. This study aims to fill this gap by
providing an integrated empirical assessment of how these three key drivers
influence economic sustainability in Iran over the period 1991-2022.

Literature Review

The theoretical foundations of this study draw on endogenous growth theory,
financial development theory, and green growth frameworks. According to
endogenous growth models, technological progress and innovation-often
facilitated by digital technologies-are internal drivers of productivity growth and
long-term economic performance (Romer, 1990). Digitalization enhances
efficiency by optimizing resource allocation, strengthening institutional
transparency, and facilitating access to financial services, thereby supporting
sustainable economic outcomes.

The relationship between financial development and economic sustainability has
been widely debated. Classical perspectives, rooted in Schumpeterian theory,
emphasize the role of financial systems in promoting innovation and productive
investment. Empirical evidence suggests that financial development can foster
economic growth and stability; however, recent studies highlight the possibility
of non-linear effects, where excessive financial expansion may increase
vulnerability and instability, particularly in economies with weak institutional
frameworks.

Green investment has gained increasing attention within the green growth and
Porter hypothesis literature. Investments in environmentally friendly technologies
and renewable energy are argued to simultaneously reduce environmental
degradation and enhance economic efficiency through innovation and
productivity gains. Nevertheless, empirical findings are mixed, with some studies
indicating that the effectiveness of green investment depends on institutional
guality, financial system maturity, and policy coherence.

Overall, the literature reveals three major gaps: (i) limited integrated analysis of
digitalization, financial development, and green investment within a unified
empirical framework; (ii) insufficient attention to non-linear relationships,
particularly concerning financial development; and (iii) a lack of country-specific
evidence for developing and resource-dependent economies such as Iran. This
study addresses these gaps by adopting a comprehensive and context-sensitive
approach.
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Research Methodology

This study employs an applied-developmental research design using annual time-
series data for Iran spanning 1991-2022. Data were collected from the World Bank
and the Central Bank of Iran. To capture the multidimensional nature of the core
concepts, composite indices for economic sustainability, digitalization, financial
development, and green investment were constructed using Principal Component
Analysis (PCA). This method reduces dimensionality, mitigates multicollinearity,
and ensures objective weighting of underlying indicators.

Economic sustainability serves as the dependent variable, while digitalization,
financial development, and green investment are the key explanatory variables.
To account for potential non-linear effects, the squared term of financial
development is included in the regression model. Stationarity properties of the
variables were examined using the Augmented Dickey-Fuller (ADF) test. Long-
run relationships among variables were tested using the Engle-Granger
cointegration approach.

The estimated econometric model captures both linear and non-linear dynamics,
allowing for a nuanced understanding of how structural and technological factors
influence economic sustainability over time. This methodological framework
enhances the robustness and interpretability of the empirical findings.

Results

The empirical results confirm the existence of a long-run cointegrating
relationship among economic sustainability, digitalization, financial
development, and green investment in Iran. Digitalization exhibits a positive and
statistically significant effect on economic sustainability, indicating that
improvements in ICT infrastructure and digital capabilities contribute to greater
economic resilience and stability.

Financial development demonstrates a non-linear (inverted U-shaped)
relationship with economic sustainability. At lower levels, financial development
enhances sustainability by improving capital allocation and supporting productive
investment. However, beyond a certain threshold, further financial expansion
exerts a negative effect, potentially reflecting increased systemic risk, inefficient
credit allocation, and institutional weaknesses.

Green investment shows a positive but relatively weaker impact on economic
sustainability compared to digitalization and financial development. While green
investment contributes to environmental improvement and long-term stability, its
limited scale and structural constraints in Iran reduce its immediate
macroeconomic effectiveness.

Discussion and Conclusion
The findings underscore the central role of digitalization as a catalyst for economic
sustainability in Iran. By enhancing productivity, transparency, and financial
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inclusion, digital technologies strengthen economic resilience and mitigate
structural inefficiencies. The non-linear effect of financial development highlights
the importance of institutional quality and regulatory oversight; financial
deepening without adequate governance can undermine sustainability rather than
reinforce it.

The comparatively modest impact of green investment suggests that
environmental initiatives in Iran have yet to reach a scale or level of integration
sufficient to exert a strong macroeconomic influence. This outcome aligns with
previous studies emphasizing the conditional nature of green investment
effectiveness, particularly in economies heavily reliant on fossil fuels and facing
institutional constraints.

Overall, the results support the argument that economic sustainability requires a
balanced and coordinated policy approach, integrating digital transformation,
prudent financial development, and targeted green investment within a coherent
institutional framework.

This study provides comprehensive empirical evidence on the combined effects
of digitalization, financial development, and green investment on economic
sustainability in Iran. The findings reveal that digitalization is a robust driver of
sustainability, financial development exerts non-linear effects, and green
investment plays a supportive yet currently limited role.

From a policy perspective, the results suggest that strengthening digital
infrastructure, enhancing financial governance, and expanding effective green
financing mechanisms are essential for improving economic sustainability. Future
research may extend this framework by incorporating institutional quality
indicators, sectoral analyses, or comparative cross-country studies to further
elucidate the dynamics of sustainable economic development in resource-
dependent economies.
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Figure (1) Conceptual model The effect of financial development, digitalization, and green
investment on economic sustainability
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Table (4) Economic stability and sustainability indexing variables (Hung, 2023)
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Table (5) Model quality indices for the economic stability and sustainability index variables
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Table (6) Number of extracted components and explained variance
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Table (7) Rotated factor loadings matrix for the construction of the economic sustainability index
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Table (8) Model quality indices for the economic sustainability indicator variables
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Table (9) Variables for digitalization indexing (Hung, 2023)
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Table (11) Variables used for constructing the financial development index (Hung, 2023)
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Table (12) Model quality index for the variables of the economic stability and sustainability index

03l ol ol 030 s gl wilylg usio
o>l N CreditBankGrowth
Js:8 6 N CreditBankPer
PES o AR MoneyPerGdp
ol </AYY MoneyGrowth
Jg8 /Y RStockValue

CreditBankPer CreditBankGrowth) Jus Lol psie )l & s o ol ml
S &S Stk 2o )d AV 5 3L 0y wils g 51> (MoneyGrowth s MoneyPerGdp
slade L (RSTOCKValue) Jlo Mol osdly 3, yuiie s .ol Jao (VL (g)lol colas



SV Oyl 5o olail g)lul g s (S Alosuw o Jlbo drwes ¢ Jluzwd slasdl

S lie dpj el odd s Jae 0 plimen Jg o)l jL3 o8 B Bl aslisl y> co/0))
s Jgl alge > 5ok

oxig) Sl ol alge 5 am3e Gl | alhe bogs oxiims by (OY) Jas
5,Sos ol oS snimd gy |y Lodly JS wslylg 5l duo 3 AV/Y I iy ggemme 50 Sldiuslys
2,0 Wosld (g5lwed pid jd Jdo (598

Table (13) Number of extracted components and explained variance
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Table (14) Rotated factor loadings matrix for constructing the financial development index
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Table (15) Variance weights of components after rotation in constructing the composite financial
development index
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Table (16) Results of the Dickey-Fuller unit root test
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