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Objective: This study aims to design, fit, and validate a structural model explaining banks’
sustainable financial development with emphasis on artificial intelligence and green financing.

Methodology: This applied study adopts a descriptive—analytical survey design. In the first
phase, Interpretive Structural Modeling (ISM) was conducted using expert judgments from 19
banking professionals to identify and hierarchically structure key dimensions. In the second
phase, the extracted model was empirically tested through Partial Least Squares Structural
Equation Modeling (PLS-SEM) based on data collected from 317 banking experts. Reliability
was assessed using Cronbach’s alpha and composite reliability, while convergent and
discriminant validity were evaluated through AVE criteria.

Findings: Results indicated that all factor loadings exceeded 0.70, with Cronbach’s alpha and
composite reliability values above 0.80 across constructs. AVE values were greater than 0.50,
confirming convergent validity. Multicollinearity diagnostics showed VIF values ranging from
1.21 to 2.87, indicating no collinearity issues. Structural path analysis revealed significant
relationships, including artificial intelligence — intelligent risk management ($~0.41, t>6.00),
green financing — sustainable green investment (B~0.46, t>7.00), and intelligent risk
management — sustainable financial development ($~0.38, t>5.50), all significant at p<0.001.
The coefficient of determination (R?) for sustainable financial development reached
approximately 0.62, demonstrating moderate-to-strong explanatory power.

Conclusion: The findings confirm that integrating artificial intelligence and green financing
substantially enhances banks’ sustainable financial development by strengthening risk
management, transparency, and efficient resource allocation, supporting the empirical validity
of the proposed model.

Keywords: Sustainable financial development, green banking, artificial intelligence, green
financing, risk management, financial transparency.
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EXTENDED ABSTRACT
Introduction

In recent decades, banking systems worldwide have faced profound transformations driven by
rapid technological change, increasing environmental pressures, and growing expectations regarding
social responsibility and sustainable development. Traditional banking models, largely oriented toward
short-term profitability and conventional financial indicators, have proven insufficient for addressing
complex challenges such as climate change, environmental risk exposure, digital disruption, and evolving
stakeholder demands. As a result, the concept of sustainable financial development has gained
prominence, emphasizing the integration of economic efficiency with environmental protection, social
accountability, and long-term resilience. Within this context, banks are increasingly expected to play a
catalytic role by reallocating financial resources toward green investments, supporting low-carbon
economic activities, and enhancing transparency and risk management practices (Bron, 2025; Ziembaet al.,
2024).

Artificial intelligence has emerged as a critical enabler of this transformation. By providing
advanced capabilities for big data analytics, predictive modeling, pattern recognition, and automated
decision-making, artificial intelligence allows financial institutions to move beyond static and linear
decision frameworks. Empirical and conceptual studies highlight that artificial intelligence improves
credit assessment accuracy, strengthens risk management, enhances financial reporting quality, and
supports strategic planning in complex and uncertain environments (Mohammadi & Shamsollahi, 2023;
Saberian Jahromi, 2024). In parallel, research on consumer financial behavior and digital finance
demonstrates that artificial intelligence reshapes interactions between banks and customers, influencing
trust, engagement, and financial decision-making processes (Samonte & Ong, 2023; Xiao et al., 2025).

Alongside technological transformation, green financing has become a cornerstone of sustainable
banking. Green financing refers to the allocation of financial resources to projects and activities that
generate positive environmental outcomes, such as renewable energy, energy efficiency, pollution
reduction, and sustainable infrastructure. Banks, as major financial intermediaries, have the capacity to
direct capital flows toward environmentally responsible investments and thereby reduce long-term
environmental and financial risks (Khalafi & Ashrafi, 2025; Sharif et al., 2025). However, implementing
green financing effectively poses significant challenges, including assessing environmental risks,
verifying the sustainability of projects, and preventing greenwashing. These challenges underscore the
need for intelligent analytical tools and integrated decision-support systems capable of handling
multidimensional financial and environmental data (Jafari & Lalbar, 2024; Milani et al., 2025).

Recent literature increasingly emphasizes the synergistic relationship between artificial
intelligence and green financing. Studies suggest that artificial intelligence can enhance the efficiency and
credibility of green finance by improving environmental performance monitoring, ESG data analysis, and
sustainability reporting (Sharif et al., 2025). Moreover, human capital development, digital financial
literacy, and organizational readiness have been identified as critical mediating factors in the successful
adoption of intelligent and sustainable banking models (Hashemi Juybari, 2025; Yadegarjamshidi & Sharghi,
2024). Despite these insights, existing research has largely examined artificial intelligence and green
financing in isolation, with limited efforts to integrate them into a comprehensive and empirically



validated model of sustainable financial development for banks. This gap highlights the need for a holistic
framework that systematically captures the interrelationships among technological, environmental, and
organizational dimensions of sustainable banking (Yousefi et al., 2025; Ziemba et al., 2024).

Methods and Materials

This study adopted an applied, descriptive—analytical research design and employed a mixed
structural modeling approach. In the first phase, Interpretive Structural Modeling (ISM) was used to
identify and hierarchically structure the key dimensions of sustainable financial development in banking.
Expert judgments were collected from a purposive sample of banking specialists with extensive
professional and academic experience. Through the construction of a structural self-interaction matrix and
reachability matrices, causal relationships and hierarchical levels among the identified variables were
determined.

In the second phase, the resulting conceptual model was empirically tested using Partial Least
Squares Structural Equation Modeling (PLS-SEM). Data were collected through a structured
questionnaire administered to a large sample of banking professionals. The measurement model was
evaluated for reliability and validity using standard criteria, including factor loadings, composite
reliability, and convergent and discriminant validity. The structural model was assessed by examining
path coefficients, coefficient of determination (R?), multicollinearity diagnostics, and predictive relevance.
Bootstrapping procedures were applied to test the significance of hypothesized relationships.

Findings

The results of the ISM analysis revealed a structured hierarchy among the components of
sustainable financial development. Strategic-level variables, such as sustainable development strategy and
regulatory alignment, were positioned at higher levels, exerting strong driving power over operational and
outcome-oriented variables. Mid-level components included intelligent risk management, green financial
innovation, and transparency in financial reporting, while outcome-level variables encompassed
sustainable green investment, environmental performance monitoring, and digital sustainable customer
orientation.

The PLS-SEM results demonstrated that the proposed model exhibited satisfactory explanatory
power and overall robustness. All key path coefficients were statistically significant, indicating strong
causal relationships among artificial intelligence capabilities, green financing mechanisms, and
sustainable financial development outcomes. Intelligent risk management showed a substantial positive
effect on financial transparency and sustainability monitoring. Green financial innovation and sustainable
green investment significantly contributed to the enhancement of sustainable financial development.
Multicollinearity diagnostics confirmed the absence of collinearity issues, and the R? values indicated that
a considerable proportion of variance in sustainable financial development was explained by the model.
Reliability and validity assessments confirmed the adequacy of the measurement instruments and the
internal consistency of the constructs.

Discussion and Conclusion

The findings of this study provide empirical evidence that sustainable financial development in
banking is best understood as a multidimensional and integrated phenomenon. The results demonstrate
that artificial intelligence plays a central and enabling role by enhancing analytical capacity, reducing
information asymmetry, and supporting evidence-based decision-making. When combined with green
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financing strategies, artificial intelligence amplifies banks’ ability to allocate resources efficiently, manage
environmental and financial risks, and improve transparency and accountability.

The hierarchical structure identified through ISM underscores the importance of strategic
alignment and institutional readiness as foundational conditions for sustainable banking transformation.
Without a coherent sustainability strategy and supportive regulatory frameworks, the operational benefits
of artificial intelligence and green financing may remain fragmented. At the same time, the empirical
results highlight the mediating role of organizational capabilities, including human resource
empowerment and digital competence, in translating technological potential into sustainable financial
outcomes.

Overall, this study advances the literature by offering a comprehensive and empirically validated
model that integrates artificial intelligence and green financing within a unified framework of sustainable
financial development for banks. The proposed model not only contributes to theoretical understanding
but also provides a practical roadmap for banking managers and policymakers seeking to navigate the
transition toward intelligent, transparent, and environmentally responsible financial systems.
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